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The purpose of this dissertation was to define macrolichen community gradients 

in relation to succession, grazing and the environment.  First, species scores indicating 

when macrolichen species appeared following disturbance were derived from the 

literature.  Weighted averaging of these data with a community matrix created a 

successional score for each sample unit of interest.  These scores are surrogates for 

community age for subsequent analyses. 

I then described lichen community structure and its relation to the environment in 

the Bering Land Bridge National Preserve (BELA) in northwestern Alaska.  Two primary 

gradients in lichen community composition were related to habitat rockiness and a 

substrate-topographic gradient.  Next, I sought impacts of grazing by reindeer and 

caribou on lichen communities.  I found lightly grazed areas had taller lichens, greater 

total lichen cover and minor but significant changes in community structure than heavily 

grazed sites.  Lichen species richness, however, did not differ by grazing status.  To 

create a generalized recovery model, I used plots in burned areas and found total lichen 

and bryophyte cover varied with time since fire (range 4-49 yrs since fire), while vascular 



plant cover showed no trend.  I then compared these patterns to BELA, an area of 

unknown disturbance history.  Low lichen cover in BELA may not necessarily reflect 

disturbance but rather site or climatic differences. 

 Lastly, I found that all 17 GIS variables separated lichen communities to some 

degree.  Separation of lichen communities by variable ranged from strong (Alaska 

Subsections, soil and surficial geology variables) to weak (Watersheds and Reindeer 

Ownership).  The quality of the underlying relationships, how finely the groups are 

divided and the average patch size of each variable also contribute to differences in how 

clearly lichen communities were separated. 

 This work will serve as a baseline for future comparisons to understand 

implications of climate and land use change on lichen communities.  My grazing results 

may inform managers of the implications of heavy grazing and underscore protection and 

monitoring of prolific and diverse sites.  In addition, this work contributes a new method 

to age tundra communities and a list of GIS variable successful at separating lichen 

communities.
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COMMUNITY GRADIENTS OF ARCTIC MACROLICHENS IN 
RELATION TO SUCCESSION, GRAZING AND 

THE ENVIRONMENT 
 

CHAPTER 1:  INTRODUCTION 

 
Study Area 

The Bering Land Bridge National Preserve (BELA) is located on the Seward 

Peninsula in northwestern Alaska (65°14’-66°36’N, 162°44’-167°32’W).  The elevation 

in BELA ranges from sea level to about 1,040 m along the spine of the Bendeleben 

Mountains.  This Preserve was one of the ten new areas established by the Alaska 

National Interest Lands Conservation Act of 1980.  These lands were designated a 

National Preserve to protect both their natural and historical resources and to maintain 

subsistence hunting in the area.  All 47,200 km2 of BELA are allocated into reindeer 

grazing allotments managed by the National Park Service and operated by native permit 

holders.    

 

GEOLOGY AND SOILS 

 The southern boundary of BELA follows the crest of the Bendeleben Mountains.  

In these mountains, high-grade schists are exposed along the east-west vertical fault that 

meets the low-grade metamorphic rocks to the south (Till and Dumoulin 1994).  The 

northern flank of the Bendelebens contains two large granitic plutons that are 

approximately 80 to 90 million years of age (Till and Dumoulin 1994).  The most 

common metamorphic rocks on the Seward Peninsula, found in the central portion of 

BELA, are the blueschist-facies schists of the Nome Group (Till and Dumoulin 1994).  

This unit includes metamorphic rocks; primarily mixtures of schists, quartz and marble, 

with slices of carbonate rocks (Till and Dumoulin 1994).  Immediately south of the 

panhandle, lower Paleozoic dolomite outcrops along the east and western boundaries of 

BELA, in central portions of the Seward Peninsula.  Volcanic activity proliferates in the 

north and central Seward Peninsula.  The most notable volcanic features in BELA, 

however, are the basaltic lava flows in the central Seward Peninsula.  All lava flows are 
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the pahoehoe type and most arose from short-lived vents, active for only a few years 

(Hopkins 1963).  The five volcanic formations, from oldest to youngest, are the Kugruk 

volcanics, Imuruk volcanics, Gosling volcanics, Camille lava flow, and Lost Jim lava 

flow.  The Kugruk volcanics are of late Tertiary age while the Lost Jim lava flow is 

several hundred to several thousand years old (Hopkins 1963).  The two most recent 

flows, Camille and Lost Jim, are still exposed today and vegetation is limited to lichens 

and spare vascular plant cover.  The Lost Jim lava flow covers roughly 230 km2.  Near 

Devil Mountain, in the northern portion of BELA, the volcanic rocks are primarily 

basaltic ash from the late Cenozoic (Hopkins 1963).   

Permafrost of varying depths underlies most of the Seward Peninsula (Van Patten 

1990).  Continuous permafrost near Kotzebue alternates with discontinuous permafrost 

near Nome.  Even well-drained areas are assumed to have discontinuous permafrost (Van 

Patten 1990).  A thick organic layer often overlies soils in the foothills region.  

Permafrost in the upper profile inhibits drainage, and as a result these sites tend to be 

saturated with water or ice most of the year.  The upland areas have discontinuous 

permafrost and the active layer thaws annually and permits thorough soil drainage (Van 

Patten 1990).  Great expanses of the northern and central Preserve consist of large non-

sorted soil polygons (Van Patten 1990).  Mesic vascular plant communities line the rim 

of these polygons, while the centers are poorly drained and dominated by vascular 

hydrophytes and mosses.  The two primary soil orders found in BELA are Inceptisols and 

Entisols, which are young soils with minimal horizonation (Van Patten 1990).  All soils 

have a mean annual soil temperature below freezing, and cryogenic processes induced by 

permafrost sculpt much of this landscape.  High elevations of the York, Kigluaik and 

Bendeleben Mountains were glaciated, but the remainder of the Seward Peninsula has 

never been glaciated (Rieger et al. 1979). 

 

CLIMATE 

Temperatures of the Seward Peninsula are tempered by the oceanic influence of 

the Bering and Chukchi seas.  Weather stations nearest BELA are located in Nome, 115 

km to the southwest, and Kotzebue, 65 km to the northeast.  Mean January and July 
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temperatures in Nome are -15.0o and 10.6oC, respectively.  Similarly, mean January and 

July temperatures in Kotzebue are -19.4o and 12.4oC, respectively.  The southern portion 

of the Seward Peninsula, including the Bendeleben and Kigluaik Mountains, is fairly wet, 

while the northern portions grade into drier conditions with more homogenous 

topographic relief.  Mean annual precipitation is 44.4 cm in Nome and 28.9 cm in 

Kotzebue.  Most precipitation falls in late summer, usually August or September.  

Snowfall is greatest in January and February.  Mean total snowfall in Nome is 224.0 cm 

and 148.5 cm in Kotzebue. 

 

VEGETATION 

The general vegetation types present in northwestern Alaska are Eriophorum 

tussock tundra, Dryas fell-field, ericaceous shrub polygons, Eriophorum-Carex wet 

meadow, and solifluction slopes (Viereck et al. 1992).  Previous ecological studies on the 

Seward Peninsula primarily focus on vascular plants (Kelso 1989; Epstein et al 2004; 

Racine et al. 1987, 2004; Thompson et al. 2004).  High elevation sites contain rocky, 

alpine communities.  These sites occur near Serpentine Hot Springs, north of Imuruk 

Lake around Crossfox and Black Butte, and along the southern border of BELA in the 

Bendeleben Mountains.  In addition, saxicolous and Cladina stellaris-dominated 

communities are the only vegetation that survive on the bedrock surface of the Lost Jim 

lava flow.  Otherwise, low shrub or tussock tundra dominates most of BELA.  The shrubs 

consist of Salix spp., Betula glandulosa and Alnus crispa.  The herb layer contains mixed 

Eriophorum spp. and Carex spp., Vaccinium spp., Arctostaphylos spp., Empetrum 

nigrum, Cassiope tetragona, Ledum palustre var. decumbens, and Rubus chamaemorus.  

The dominant mosses are Sphagnum spp. and Hylocomium splendens.  The lichen flora is 

dominated by species from the genera Cladina, Cladonia, Cetraria, Peltigera and 

Stereocaulon. 

 

Previous Lichen Work 

 Most lichen studies conducted in Alaska focus on taxonomy or floristics, such as 

annotated checklists, floras, or range distributions (e.g., Thomson 1984; Hertel and 
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Andreev 2003; Kristinsson et al. 2006).  To our knowledge no extensive inventory has 

documented lichen diversity in the tundra of mainland northwestern Alaska.  Talbot et al. 

(2001), however, described lichen diversity of two isolated Bering Sea islands about 400 

km from the Alaska mainland.  Most lichen work above treeline in Alaska has focused on 

north-central regions (e.g., Moser et al. 1979; Swanson et al. 1985; Auerbach et al. 1997).  

The continental climate and resulting flora in north-central Alaska can differ significantly 

from the more oceanic climate and flora found in northwestern Alaska.  Moreover, the 

Beringian element adds species not observed in the arctic tundra further east.  The work 

for this dissertation centers on the lichen communities of the Bering Land Bridge 

National Preserve on the Seward Peninsula in northwestern Alaska.  The few other lichen 

studies conducted in this area are reports of taxonomic novelties and reindeer research 

with reference to lichens as forage (e.g., Pegau 1968; Krog 1973; Flock 1989).   

 

LOCAL ECOLOGICAL KNOWLEDGE 

  Even before Western scientific endeavors, lichens, in many parts of northwestern 

Alaska, have been of interest to people.  Native Alaskan communities of the Seward 

Peninsula and surrounding regions are inexorably tied to lichens indirectly through their 

diet (Llano 1956).  Reindeer and caribou meat are a primary food source, and lichens 

constitute all or a sizable portion of these animals’ winter forage (Scotter 1967; White 

and Trudell 1980; Heggberget et al. 2002).  In many Arctic communities, knowledge of 

reindeer movements and land use has been passed down for generations to increase 

hunting and husbandry success (Ferguson et al. 2001; Sandström et al. 2003; Parlee et al. 

2005).  Although lichens are generally lumped into a single, non-specific entity, some of 

this local knowledge provides valuable details about particular lichen species.  For 

example, areas rich in Cladina spp. often support caribou, and burning of these areas 

greatly reduces Cladina spp. abundance and subsequent caribou abundance (Parlee et al. 

2005).  In addition, Sami herders have observed that Nephroma arcticum is consumed by 

reindeer only in times of food shortages (Llano 1956).   

 In far northern ecosystems above treeline, the first awareness of lichens as 

important to humans was through local ecological knowledge.  As this knowledge 
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continues to accrue, we may begin to visualize patterns of lichen diversity and abundance 

that correspond to changes in grazing pressure and climate change (Sandström et al. 

2003; Parlee et al. 2005).  Many indigenous peoples world-wide have sustainably 

managed their land and resources for generations (Gadgil et al. 1993; Turner et al. 2000).  

Integration of local knowledge and scientific knowledge, therefore, meshes two 

complementary knowledge sets that contribute to understanding lichens in northwestern 

Alaska as a whole.  The historical separation of local and scientific knowledge, however, 

has made finding and integrating local knowledge into my work difficult. 

 

Goals and Objectives 

 The purpose of this research was to explore patterns in lichen community 

structure in BELA.  I hoped to understand how the distribution and abundance of 

macrolichens in these ecosystems relate to disturbance, succession and their environment.   

 To successfully investigate relationships between lichens and disturbance, I 

needed an important but missing piece of the puzzle: a quantitative measure of time since 

disturbance.  Most dating methods, such as counts of tree annual growth rings or fire 

scars, are difficult or impossible to use in northern ecosystems beyond timberline.  

Chapter 2, therefore, details an innovative approach, using the collective wisdom of 

previous research, towards providing this missing piece.  The goal of the second chapter 

was to assign species scores to macrolichens reported in the literature and use these to 

develop an index of successional status for arctic macrolichen communities.  I also 

compared successional scores derived from quantitative versus binary data.   

 Chapter 3 describes macrolichen community structure in BELA.  The main goal 

for this chapter was to explore how community gradients and diversity relate to 

environment.  Furthermore, I compared lichen community composition and 

environmental factors among the different land cover types used in my stratified 

sampling.  This chapter represents a snapshot of the dynamic macrolichen communities 

in BELA.  The species relationships and community structures I describe may serve as a 

baseline for future comparisons.  All sites are geo-referenced to allow reassessment.  
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Comparisons with future assessments may provide information on how this system 

responds to changes in climate, disturbance and land use. 

 Chapter 4 focuses on how disturbance, specifically grazing, affects these lichen 

communities.  I address three main questions in this chapter: (1) Is grazing associated 

with differences in lichen communities on the Seward Peninsula, and if so, what are these 

differences?  (2) Using fire as a dateable disturbance, what is a generalized recovery 

model for the arctic tundra dominated by dwarf shrubs and graminoids on the Seward 

Peninsula?  (3) Combining information on patterns of recovery following disturbance and 

community changes associated with reindeer grazing, what can we infer about the 

successional status, or historical grazing impact, of plots from unknown disturbance 

history within BELA? 

 Finally, my work in remote ecosystems heightened my awareness and 

appreciation for good sampling designs that can optimize efficiency and reduce financial 

costs.  To this end, I felt the myriad of GIS variables available presented potentially 

useful stratifying variables for future studies of Arctic macrolichens.  In Chapter 5, my 

first goal was to evaluate the relative strength of multiple GIS variables in separating 

plots by lichen community composition.  My second goal was to assess how changing 

patch size or number of patch types of each GIS variable affects segregation of plots by 

community composition. 
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CHAPTER 2: 
 

DEFINING A SUCCESSIONAL METRIC FOR LICHEN 

COMMUNITIES IN THE ARCTIC TUNDRA 
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Abstract 

We provide an index of successional status for arctic macrolichen communities 

based on a synthesis of literature reports.  We amassed research from the past fifty years 

that studied lichen communities following disturbance, such as fire or grazing.  Species 

scores were derived from these reports depending on when a particular macrolichen 

species appeared following disturbance.  Weighted averaging of these data with a 

community matrix can create a successional score for each sample unit of interest.  These 

scores can be used as a surrogate for community age estimates that are otherwise difficult 

to obtain from tundra environments above treeline.  We test this approach using an 

example dataset of macrolichen communities collected from the Bering Land Bridge 

National Preserve, Alaska.  We found that our successional scores represented roughly 17 

and 19% of the community variation, depending on whether the community dataset was 

binary or quantitative.  Abundance data tended to yield successional scores that were 

slightly higher (older) than those derived from a presence-absence dataset.  We 

recommend use of our successional metric for lichen communities throughout the arctic 

tundra to infer successional status of an area. 

 

Introduction 

 Succession has remained a central concept in plant ecology for over a century, 

and has aided ecologists in understanding the dynamics and relationships among plant 

communities.  Progress in recent decades has encouraged a shift from conceptual to 

quantitative approaches.  In temperate regions, time since disturbance is easily assessed 

by using counts of tree annual growth rings or fire scars to estimate stand age.  This 

simple measure of successional status often represents a large component of variation in 

community composition. 

These dating methods, however, are dependent upon the presence of trees, which 

may be absent or sparse in northern ecosystems beyond timberline.  Research in the arctic 

tundra lacks the benefit of easily obtaining relatively quick and accurate field measures of 

stand age or time since disturbance from large conifer or deciduous tree records.  

Destructive age determination is possible with willow and birch shrubs (Kullman 2002), 
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but accurate ring counts on slow-growing shrubs are often difficult to determine.  

Additionally, shrubs may not establish for years or decades following disturbance, thus a 

single shrub’s age may considerably underestimate the actual time since disturbance.  

Furthermore, dateable stems present in these tundra ecosystems may be shorter lived than 

time since disturbance.  Finally, some areas of arctic tundra lack willow and birch shrubs 

altogether. 

A lack of methodology for measuring time since major disturbance for 

ecosystems above tree line greatly impedes our understanding of tundra dynamics.  Just 

under a quarter of the North American landmass is covered by arctic tundra (Barbour et 

al. 1999).  Within this ecosystem, lichens contribute nearly half the floral diversity and a 

large portion of the biomass (Neitlich and Hasselbach 2001).  Lichens are often cast as 

classic examples of facilitation in novel environments, owing to their mechanical and 

chemical weathering of rocks combined with their ability to acquire atmospheric 

nutrients (Cooper and Rudolph 1953; Topham 1977; Vitousek 1994).  These and other 

statements of the successional status or role of individual lichen species are available in 

the literature, but have not been collected into a single, useful form.   

Our goal is to assign species scores to macrolichens reported in the literature and 

use these to develop an index of successional status for arctic macrolichen communities.  

We also compare successional scores derived from quantitative versus binary data.  We 

demonstrate this successional metric with an example dataset of macrolichen 

communities of the Bering Land Bridge National Preserve (BELA), Alaska. 

 

Methods 

WEIGHTED AVERAGING PROCEDURE 

Weighted averaging is a direct gradient analysis technique that summarizes 

complex relationships according to their position along a single gradient (McCune and 

Grace 2002).  It is an ordination technique that uses previously assigned weights to 

calculate scores describing compositional gradients.  Early examples include Curtis and 

McIntosh’s (1951) vegetational continuum index, which arranged stands along a 

successional gradient.  LeBlanc and De Sloover (1970) derived an index of atmospheric 
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purity based on epiphyte species’ substrate coverage, weighted by their toxitolerance.  

The Federal Wetlands Manual also uses weighted averaging to help delimit wetlands 

(Federal Interagency Committee for Wetland Delineation 1989).  The predetermined 

weights were “wetland indicator status” ratings, representing a continuum from obligate 

wetland to obligate upland species.  Final scores, or hydrophytic vegetation criteria, were 

derived from a combination of these weights and a community matrix of dominant 

vascular plant species for each proposed wetland site.  Another successful management 

tool rooted in weighted averaging is the index of biotic integrity, which assesses water 

resource quality based on fish community attributes as they relate to regional reference 

sites (Karr 1991).   

Weighted averaging is an ideal method, using over fifty years of lichen studies 

from several countries, for inferring the successional status of arctic tundra communities.  

Weighted averaging can combine prior knowledge with current estimates of lichen 

abundance to assess the successional status of a particular area.  In effect, our species 

scores are weighted by evaluations of presence or abundance to yield successional scores 

for a particular area.  Future applications of our method require no additional 

measurements apart from community estimates of lichen presence or abundance.   

We surveyed the disturbance ecology literature for lichen community studies in 

the arctic tundra.  The scarcity of detailed tundra research led us to also include several 

studies from northern boreal forests, which overlap considerably in community 

composition.  Moreover, due to circumpolar distributions of many tundra lichens, we 

compiled reports from Canada, Alaska, Scandinavia and Russia.   

Our investigation focused primarily on grazing and fire research (Table 2.1).  

Although many other types of disturbance occur in the Arctic (e.g., cryoturbation, 

solifluction movement, volcanic or mining activity), grazing and fire studies are well 

represented because their disturbances can span large areas and are often easily 

quantifiable.  We recognize that small-scale disturbances undeniably occur within these 

larger disturbances, yet those responses are reflected in the local variability.  We selected 

studies that described lichen communities before and after disturbances as well as those 

that outlined a successional change in lichen species composition following disturbance.  
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We excluded all studies that did not identify lichen taxa to species, as genera can include 

both early and late-successional species.   

For every study, each species was categorized as early, mid, or late-successional.  

These categories were assigned scores of one, two or three, respectively.  Most authors 

independently segregated the lichens they reported into groupings similar to our early, 

mid and late-successional stages.  Macrolichens cited as increasing or decreasing with 

grazing were assigned scores of one and three, respectively.  In addition, an approximate 

time scale was assigned based on lichen growth rates (Ahti 1959; Vasander 1981) and 

descriptions of succession in the literature.  Dominant species in the first few decades 

following disturbance (roughly 30 yr) were labeled as early-successional.  Mid and late-

successional classifications varied among studies, dependent upon the time considered or 

longevity of the study.  Considering the range of years among all studies, the mid-

successional stage encompassed the time span between 20-80 yr, while late-successional 

species dominated from about 40-300 yr post-disturbance.  In some instances, different 

authors or even the same author listed a single species in more than one category.  For 

example, Cladina mitis was often listed in both mid and late-successional stages.  In such 

cases, instead of subjectively assigning it a species score of two or three for a particular 

study, we would assign it 2.5.  For each species, species scores were averaged across all 

studies to create a vector of average species scores (Table 2.2).   

The final successional plot score for a particular sample unit is calculated as an 

average of abundances from p species, weighted by p species scores (Equation 1).  For an 

observed abundance aij (abundance or presence-absence element of the community 

matrix) of species j in a sample unit i, let  

vi = successional plot score for sample unit i 

wj = average species score for species j 

p = number of species for which there are species scores  

vi  =   

∑

∑

=

=
p

j
ij

p

j
jij

a

wa

1

1       (1) 
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 Ideally, the resulting successional plot scores would be validated against time-

since disturbances of known ages.  Such data were not available, so for now, the validity 

of our method rests on the collective wisdom of the 24 sources cited in Table 2.1.   

We measured the proportion of variance that successional plot scores represented 

in the community data matrix by correlating differences in successional scores with a 

matrix of Relative Euclidean distances among plots (McCune and Mefford 1999).  We 

also calculated score variability for species with three or more citations using pooled 

standard deviations.  An example spreadsheet of successional plot score calculations is 

available at http://oregonstate.edu/~holtem/Example_succ.htm. 

 

EXAMPLE DATASET  

We sampled lichen communities from BELA located on the Seward Peninsula in 

northwestern Alaska in 2003 (65°14’-66°36’N, 162°44’-167°32’W).  We used a stratified 

random sample design.  Geographic blocks and GIS land cover data (Markon and Wesser 

1997) were used as the basis for our stratification.  Within each of 21 geographic blocks, 

roughly four plots from each cover type were randomly located, for a total of 78 plots. 

Sample units were 34.7-m radius circular plots.  Lichen community composition 

was evaluated using a variant of long-term lichen monitoring protocol established by the 

USDA/Forest Service Health Monitoring Program (McCune 2000; USDA/FS 2002).  

Designed for forests, these protocols focus on epiphytic macrolichens.  We adapted these 

methods for tundra ecosystems by including terricolous macrolichens and epiphytic 

macrolichens on shrubs.  Ocular estimates of cover were based on measurements of 

species abundance categories adapted from the abundance scale of Forest Health 

Monitoring Program (USDA/FS 2002).  Each species encountered was assigned an 

abundance value: 1 = rare (<3 thalli), 2 = uncommon (4-10 thalli), 3 = common (<1% 

cover), 4 = abundant (1-5% cover), 5 = prolific (6-25% cover) and 6 = dominant (>26% 

cover).  In addition to analyzing abundance data, we transformed each value into 

presence-absence to compare effects of data type on our weighted averaging. 

For our purposes, we amended the community matrix through species additions 

and deletions to match the number of species in our vector of species scores.  Extraneous 
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species, for which successional values are not known and which do not appear in Table 

2.2, are excluded from the community matrix.  Similarly, species that do not occur in the 

original matrix but present in the species scores vector can be added as empty columns 

into the community matrix or simply deleted.   

 

Results and Discussion 

We provide species scores for 46 arctic macrolichens, which served as the basis 

for our successional plot scores.  Successional plot scores for 78 BELA plots were 

approximately normally distributed.  Scores ranged roughly between 1.5 and 2.5 within 

the possible range of 1.0 to 3.0.  The mean plot score from the abundance dataset was 

2.17 (± 0.13 SD) and 2.08 (± 0.14 SD) for the presence-absence dataset (Fig. 2.1).  

Scores based on the abundance data were more negatively skewed (-1.15) than those 

based on binary data (-0.14).  In general, the abundance dataset had higher (older) 

successional plot scores than did the presence-absence dataset (Fig. 2.2).  The disparities 

between datasets may be a consequence of species with higher successional species 

scores generally having higher average abundances (Fig. 2.3).  Successional plot scores 

represented 19% of the variance in the quantitative community matrix, and 17% based on 

binary data.   

The weighted averaging method described here can produce successional plot 

scores for datasets that includes any number of the species listed in Table 2.1.  The more 

species for which there are species scores will produce better estimates of successional 

plot scores.  This metric serves as a surrogate for stand age estimates, which are difficult 

to obtain in arctic tundra environments.  These estimates can be used for both 

management and scientific studies of arctic lichens.  We are currently applying these 

successional scores to data from BELA to understand lichen community dynamics and 

successional patterns in the Preserve.  In addition, resource management agencies could 

use these scores to track changes in lichen communities experiencing active reindeer 

grazing, mining, or other disturbances.   

Our method, however, has limitations.  These successional scores reflect 

community change induced primarily by grazing and fire disturbances.  Other disturbance 
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factors, however, with their own response patterns may not be captured in our metric.  

Second, some of the studies in Table 2.1 are based on years of experience and 

observation, but their assessments of species successional status are nevertheless 

subjective.  Also, the species scores we derived are averaged over 24 studies, which 

occasionally disagreed on the successional status of a particular species. For example, 

Cetraria islandica was listed by two authors as early-successional (score of one), while 

two others labeled it late-successional (score of three).  By averaging these values, our 

final score compromises both views which may reflect actual differences related to 

locality.  The overall variability across assessments, however, from species with three or 

more values, was minimal (pooled standard deviation = 0.63).  The only two species with 

standard deviations greater than one were Cetraria cucullata and C. islandica.  Another 

limitation is the amount of information available differed among species.  Even within a 

single species, geographic differences may potentially change the successional meaning 

of these indicators, dependant upon locality.  Moreover, we have species scores for 46 

macrolichens, which may omit many species of the actual arctic tundra lichen flora.  

Redundancy inherent in community data, however, probably enables this number of 

species to provide good estimates for most arctic tundra lichen communities. 

Finally, species concepts may differ among investigators.  This could conceivably 

alter particular species’ successional indicator values. For example, Cladina stellaris was 

cited as a late-successional indicator in about 80% of the studies we encountered (Table 

2.2).  Many of the studies treated C. stellaris in the broad sense (i.e., including the 

psoromic acid chemotype, C. stellaris var. aberrans; Ahti 1961, 1984), but we do not 

know if the varieties differ in indicator value.  We recommend refining species scores 

presented here as taxonomic concepts evolve and as application of the method to 

disturbances of known ages affords more precise calibration.  
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Table 2.1: Literature used to create successional species scores, 
including the type of disturbance that initiated lichen succession.  
Reference number is used in Table 2.2 for each lichen species. 
Reference No. Citation Disturbance 
1 Ahti, T. 1959 Grazing 

2 Ahti, T. and Hepburn, R.L. 1967 Grazing 

3 Arseneault, D. et al. 1997 Fire 

4 Black, R.A. and Bliss, L.C. 1978 Fire 

5 Caroll, S.B. and Bliss, L.C. 1982 Fire 

6 Churchill, E.D. and Hansen, H.C. 1958 Grazing 

7 Coxson D.S. and Marsh, J. 2001 Fire 

8 Fortin, M. et al. 1999 Fire 

9 Foster, D.R. 1985 Fire 

10 Gorshkov, V.V. 1995 Fire 

11 Helle, T. and Aspi, J. 1983 Grazing 

12 Johnson, E.A. 1981 Fire 

13 Kershaw, K.A. 1978 Fire 

14 Lutz, H.J. 1956 Fire 

15 Magnusson, M. 1982 Dunes 

16 Maikawa, E. and Kershaw, K.A. 1976 Fire 

17 Manseau, M. et al. 1996 Grazing 

18 Morneau, C. and Payette, S. 1989 Fire 

19 Moser, T.J. et al. 1979 Grazing 

20 Pegau, R.E. 1970 Grazing 

21 Scotter, G.W. 1964 Fire 

22 Steen, E. 1965 Grazing 

23 van der Wal, R. et al. 2001 Grazing 

24 Yarranton, G.A. 1975 Fire 
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Table 2.2:  List of lichen species present following disturbance, as cited in literature 
from Table 2.1.  Species scores range from 1 (early) to 3 (late-successional). 

Lichen Species Cited in Reference No. Average 
Successional Score 

Alectoria ochroleuca 3, 17 2.5 
Asahinea chrysantha 19 1.0 
Bryocaulon divergens 3 3.0 
Cetraria andrejevii 24 3.0 
Cetraria cucullata 3, 4, 20 2.3 
Cetraria delisei 24 3.0 
Cetraria ericetorum 20 2.5 
Cetraria islandica 1, 4, 20, 24 2.0 
Cetraria nigricans 3 3.0 
Cetraria nivalis 3, 4, 5, 17, 21 2.2 
Cladina arbuscula 10, 20, 24 2.3 
Cladina mitis 1, 2, 3, 4, 5, 7, 8, 9, 11, 12, 15, 16, 18, 21 2.1 
Cladina rangiferina 1, 4, 5, 7, 8, 9, 10, 11, 12, 14, 17, 18, 20, 21, 24 2.3 
Cladina stellaris 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 13, 14, 16, 17, 18, 

20, 21, 24 
2.7 

Cladonia amaurocraea 12, 21 2.3 
Cladonia bacillaris 21 2.0 
Cladonia bellidiflora 14 2.0 
Cladonia botrytes 21 2.0 
Cladonia carneola 7, 21 1.5 
Cladonia cenotea 7 1.0 
Cladonia cervicornis 7 1.0 
Cladonia coccifera 5, 9, 13, 14, 18, 21 1.5 
Cladonia cornuta 2, 3, 7, 9, 10, 12, 13, 18, 21 1.2 
Cladonia crispata 1, 7, 10, 18 1.8 
Cladonia cristatella 1, 13, 21 1.7 
Cladonia deformis 1, 3, 7, 10, 13, 14, 18, 21 1.6 
Cladonia ecmocyna 7 2.0 
Cladonia glauca 7 2.0 
Cladonia gracilis 2, 5, 7, 9, 10, 12, 13, 14, 21 1.2 
Cladonia macrophylla 9, 18, 21 1.7 
Cladonia phyllophora 7 1.0 
Cladonia pleurota 9 1.0 
Cladonia pyxidata 13, 21 2.0 
Cladonia sulphurina 3, 9, 18 1.3 
Cladonia uncialis 1, 2, 5, 7, 10, 15, 16, 18, 21 2.1 
Cladonia verticillata 21 2.0 
Coelocaulon muricatum 15 1.0 
Nephroma arcticum 7 3.0 
Peltigera aphthosa 4, 7, 21, 23 2.5 
Peltigera canina 4, 21 1.8 
Peltigera malacea 4 1.0 
Peltigera rufescens 23 2.0 
Sphaerophorus globosus 23 3.0 
Stereocaulon alpinum 7 1.0 
Stereocaulon paschale 6, 12, 13, 14, 16, 17, 22 1.6 
Stereocaulon tomentosum 21 3.0 
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Figure 2.1:  Cumulative frequency distribution (proportion of values below indicated 
score) of successional plot scores for 78 sample units in the Bering Land Bridge National 
Preserve example dataset.  Dashed lines indicate the median score for each dataset. 
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Figure 2.2:  Scatterplot of successional plot scores based on a single community dataset 
using abundance codes and presence-absence (P/A) values.  Most points fall below the 
one-to-one line (shown), demonstrating that abundances tend to yield higher successional 
scores than presence-absence values of the same data. 
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Figure 2.3:  Scatterplot of average abundance of each species versus average species 
score for all 46 lichen species.  A weak positive correlation (R2 = 0.11) exists between 
average species score and average abundance, especially in plots with higher species 
scores, explaining the weak disparity between successional plot scores derived from 
binary versus abundance data. 
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Abstract 

We describe lichen community structure and its relation to environment in the 

Bering Land Bridge National Preserve in northwestern Alaska.  We used a stratified 

random sample to estimate macrolichen abundance and several environmental variables 

from 78 0.38-ha plots within lichen-dominated areas of the Preserve.  We found a total of 

140 macrolichen taxa.  Two primary gradients in lichen species composition were related 

to habitat rockiness and a substrate-topographic gradient.  The strongest gradient, 

rockiness, correlates with lichen succession.  Rocky habitats have less competition from 

vascular plants and may be more resistant to soil disturbance.  The substrate-topography 

gradient is largely driven by the presence of Sphagnum moss contrasting with calcareous 

parent rock material.  To uncover additional underlying patterns in lichen community 

composition, we deleted rocky and calcareous plots and strictly saxicolous species from 

the analyses.  Although we found similar patterns from the original analysis in this 

subset, diversity and community composition also varied with differing microtopography.  

These gradients of lichen community composition can also be divided into three major 

groups; rocky non-calcareous sites, calcareous areas, and the remaining plots form the 

alluvial lowland communities.  We used two-way cluster analysis which combines 

independent clustering of sample units and species into a single diagram.  This technique 

linked individual species and species assemblages with these major trends. 

 

Introduction 

Nearly half the state of Alaska is blanketed by tundra ecosystems.  This 

ecosystem extends continuously for hundreds of kilometers, with imperceptible variations 

to the casual observer.  In contrast, forested ecosystems display unmistakable patterns of 

topographic, climatic, and soil variation.  Yet the apparent uniformity of the Alaskan 

tundra may be merely an artifact of spatial scale.  In the absence of their charismatic 

vascular counterparts, lichens contribute nearly half the vegetative diversity and a large 

portion of biomass to these arctic environments.  Therefore lichen research is integral for 

our understanding of the variation present in arctic Alaska. 
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Most lichen studies conducted in Alaska focus on taxonomy or floristics, such as 

annotated checklists, floras, or range distributions (Thomson 1984).  To our knowledge 

there has been no extensive inventory documenting lichen diversity in the tundra of 

mainland northwestern Alaska.  Talbot et al. (2001), however, described lichen diversity 

of two isolated Bering Sea islands about 400 km from the Alaska mainland.  Most lichen 

work in the arctic tundra has focused on north-central Alaska (e.g., Moser et al. 1979; 

Swanson et al. 1985; Auerbach et al. 1997).  The continental climate and resulting flora 

in north-central Alaska can differ significantly in temperature and precipitation from the 

more oceanic flora found in northwestern Alaska.  Moreover, the Beringian element adds 

species not observed in the arctic tundra further east.  Our study centers on the lichen 

communities of the Bering Land Bridge National Preserve (BELA) on the Seward 

Peninsula in northwestern Alaska.  The few other lichen studies conducted in this area are 

reports of taxonomic novelties and reindeer research with reference to lichens as forage 

(e.g., Pegau 1968; Krog 1973; Flock 1989; Holt et al. 2006, 2007a).  Meanwhile, 

previous ecological studies on the Seward Peninsula primarily focus on vascular plants 

(Kelso 1989; Racine et al. 1987, 2004; Epstein et al 2004; Thompson et al. 2004).  They 

identified climate, topography, soil parent material, permafrost, hydrology, and 

disturbance (including fire and frost action) as the primary factors driving vascular 

community patterns.  Our study investigates many of these factors and their relationship 

to the lichen communities.   

Arctic lichen communities are important not only from a biodiversity perspective, 

but they also serve several functional roles in the ecosystem.  Cyanolichens provide a 

sizable portion of the fixed nitrogen in these nutrient-poor ecosystems (Gunther 1989; 

Hobara et al. 2006).  Also, several large mammals, including  reindeer, caribou, and 

muskoxen, all rely on lichens for winter and occasional summer forage (Scotter 1964; Ihl 

and Klein 2001).  The eastern half of the Seward Peninsula, including the lower portion 

of BELA, is often wintering grounds for the Western Arctic Caribou herd, Alaska’s 

largest herd (Dau 2003).  The health of lichen resources in the face of grazing pressure is 

of concern in northwestern Alaska; however, we address this topic in a separate paper 

(Holt et al. 2007a). 
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The objective of this study was to describe lichen community structure and its 

relation to environment in BELA.  We used a stratified random sample to partition our 

heterogeneous landscape and increase the precision and efficiency of estimates for 

variables of interest (Husch et al. 1972).  We explored how community gradients and 

diversity related to environment.  Furthermore, we compared lichen community 

composition and environmental factors among the different land cover types used in the 

stratified sampling. 

 

Materials and Methods 

STUDY SITE 

BELA is located on the Seward Peninsula in northwestern Alaska (65°14’- 

66°36’N, 162°44’-167°32’W; Fig. 3.1).  Temperatures of the Seward Peninsula are 

tempered by the oceanic influence of the surrounding Bering and Chukchi seas.  Weather 

stations nearest BELA are located in Nome, 115 km southwest, and Kotzebue, 65 km 

northeast.  Mean July temperatures in Nome and Kotzebue are 10.6° and 12.4°C, 

respectively.  Mean annual precipitation, falling primarily in late summer, is 44.4 cm in 

Nome and 28.9 cm in Kotzebue.  The bulk of BELA comprises moist to wet tussock 

tundra underlain by continuous permafrost near Kotzebue alternating with discontinuous 

permafrost near Nome (Van Patten 1990).  Rising south from sea level, the Preserve’s 

southern boundary follows the crest of the Bendeleben Mountains to a height of 1040 m 

elevation.  Adding unique geology to an otherwise metamorphic landscape, dolomite 

rocks outcrop along the east and western boundaries of BELA, and historic volcanic 

activity sprinkles the north and central portions of the Seward Peninsula (Till and 

Dumoulin 1994).  The most notable volcanic features in BELA, however, are the basaltic 

lava flows in the central Seward Peninsula.  These flows date from the late Tertiary to the 

late Quaternary (Hopkins 1963).  The two most recent flows, Camille and Lost Jim, are 

exposed today and vegetation is limited to lichens, bryophytes, and sparse vascular plant 

cover.   

The general vegetation types present in northwestern Alaska are Eriophorum 

tussock tundra, Dryas fell-field, ericaceous-shrub tundra, Eriophorum-Carex wet 
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meadow, and solifluction slopes (Viereck et al. 1992).  Common shrubs consist of Salix 

spp., Betula glandulosa, and Alnus crispa.  The herb layer contains mixed Eriophorum 

spp. and Carex spp., Vaccinium spp., Arctostaphylos spp., Empetrum nigrum, Cassiope 

tetragona, Ledum palustre var. decumbens, and Rubus chamaemorus.  The dominant 

mosses are Sphagnum spp. and Hylocomium splendens.  The lichen flora is dominated by 

species of Cladina, Cladonia, Cetraria, Peltigera, and Stereocaulon. 

 

SAMPLING 

We focused our sampling on the central portion of BELA, excluding coastal 

lowlands in the panhandle and far northern coast.  Lichens were the focal point of this 

study, so we concentrated sampling in lichen-dominated areas.  The peripheral northern 

portions were wetlands, depauperate in lichens and thus contributed little towards our 

objectives.  We used a two-way stratified random sample.  One of our stratifying 

variables was GIS land cover data (Markon and Wesser 1997).  Land cover types 

discriminated low lichen cover from lichen-dominated areas within the central Preserve.  

Our pilot study indicated that four of the total ten land cover types had a minimum 

average lichen cover of 10%.  These four cover types were the only strata we sampled 

further.  Geographic blocks were the other stratifying variable, used to balance sampling 

across the area of interest.  The central portion of BELA was divided into approximately 

twenty-one roughly equal-area (~ 400 km2) geographic blocks.  Within each geographic 

block, four points from each cover type were randomly selected.  In total, data from 78 

plots within these two strata were collected in 2003. 

Lichen community composition was evaluated using a variant of long-term lichen 

monitoring protocol implemented in previous studies (McCune et al. 1997; McCune 

2000).  Designed for temperate forests and applied to thousands of plots in the 

southeastern and western US, these protocols focus on epiphytic macrolichens.  The lack 

of trees in the tundra called for modification to these protocols by sampling all terricolous 

macrolichens and epiphytic macrolichens on shrubs.  Our sampling did not include 

smaller foliose species on rock or trees, such as Melanelia and Allantoparmelia.  

However preservation of key elements of the technique facilitates future comparisons.    
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Sample units were circular fixed-area plots with a 34.7-meter radius.  Each 

species encountered was assigned an abundance value: 1 = rare (<3 thalli), 2 = 

uncommon (4-10 thalli), 3 = common (<1% cover), 4 = abundant (1-5% cover), 5 = 

prolific (6-25% cover) and 6 = dominant (>26% cover).  Environmental measurements 

included topographic variables as well as percent cover of various aspects of the 

vegetation (Table 3.1).  Aspect and slope were transformed into estimates of potential 

annual direct incident radiation (McCune and Keon 2002).   

Lichen determinations were primarily based on Thomson (1984), Goward et al. 

(1994), and Goward (1999).  We used thin-layer chromatography for identification of 

some Bryoria, Cladonia, Hypogymnia, and Stereocaulon.  All Cladonia identifications 

were based on voucher specimens with podetia, and strictly squamulose thalli were not 

recorded.  Specimens from the Cladonia phyllophora and C. cervicornis groups were 

identified using Brodo and Ahti (1995).  The distinction between Cladina mitis and C. 

arbuscula requires spot tests with paraphenylenediamine.  In the field, we estimated 

cover for these isomorphs as a single lumped species and combined their cover values 

into a single variable (Cladina mitis/arbuscula).  UV light distinguished the two chemical 

species of Thamnolia, which were also collected from every site at which they occurred.  

Vouchers were deposited at Oregon State University Herbarium (OSC) and the NPS 

Herbarium in Anchorage, Alaska. 

 

ADDITIONAL VARIABLES 

We indirectly estimated the successional status of each site using two methods; 

lichen mat thickness and successional scores based on lichen community composition.  In 

other arctic regions, researchers and land managers have used lichen mat thickness, or 

height, as a surrogate for succession (e.g., Ahti 1959; Steen 1965).  This measure 

assumes that heavy grazing and other ground disturbances manifest as cropped or stunted 

lichens.  Alternatively, tall or long lichens exist in relatively undisturbed areas where they 

have had more time to grow; thus, tall lichens reflect later successional communities than 

sites with shorter thalli.  In our study, heights of the same seven lichen species were 

recorded from all sites, though not all seven were necessarily present together at every 
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plot.  We combined these measurements into a single variable of lichen height.  We could 

not use simple averages because growth rates differed between species.  We therefore 

used the following procedure to adjust heights of those species with growth rates strongly 

differing from the average.  First, individual species’ heights were regressed against the 

pooled height of the seven target species that were available for each plot.  Slopes greater 

than one indicate that a particular species grows faster than average, while slopes less 

than one indicate slower than average growth rates.  Two of the seven species, 

Bryocaulon divergens and Alectoria nigricans, had slopes much larger than one and 

consequently were adjusted.  Slopes of the other five species were near one and did not 

require adjustment.  Regression coefficients were used to calculate adjusted heights, such 

that each species would have similar growth rates.  To calculate average adjusted lichen 

height for these two species in a particular plot, the intercept from the regression was 

subtracted from the observed height value for that plot, and then divided by the slope.  

The final value for lichen height for a given plot was the average height of all species 

available at each site, including the five unadjusted species and two adjusted species. 

Second, we created a variable to represent the successional status of each plot.  In 

a previous study, we categorized 46 species into early, mid- or late successional stages 

using a synthesis of literature reports on succession (Holt et al. 2006).  Each species was 

assigned a successional species score of one, two, or three, respectively.  Weighted 

averaging combined our abundance estimates with these species scores to yield 

successional plot scores for each site.  We chose to use this metric to determine the 

successional status of a site based strictly on its lichen community composition.  

Although not outlined individually in this paper, specific species and groups of lichens 

characterize early, mid- and late-successional seral stages and are implicit in this metric.  

 

DATA ADJUSTMENTS 

Comparing average community distances between plots identifies multivariate 

outliers in species space.  One of the total 78 plots, Plot 5P, had an average Sørensen 

distance of 3.7 standard deviations from the grand mean of all distances.  This plot was 

an outlier because its total lichen cover (2.5%) and richness (13 species) was far lower 
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than the average (26.4% and 24.3 species).  In ordinations, the extreme peripheral 

position of this plot from the remaining plots indicated that the axes gave undue weight to 

this single point.  Plot 5P and Cladonia cariosa, which occurred only in this plot, were, 

therefore, removed from all analyses.   

Modifications to the community matrix were minimal.  The coarse, approximately 

logarithmic, cover class scale alleviated the need for transformation.  Transformations 

were needed within the environmental matrix, comprised primarily of raw cover values.  

These cover variables were converted to proportions and arcsine square root transformed 

for all analyses.  This transformation improves normality and reduces skewness within 

variables measured as proportions (Sokal and Rohlf 1995).  In addition, slope was log 

transformed to increase normality.   

 

ANALYSES 

The primary goal of this study is to understand community structure, and its 

relationships to environmental gradients.  We used multivariate analysis in PC-ORD 5 

(McCune and Mefford 2005).  Nonmetric multidimensional scaling (NMS) summarized 

the multivariate relationships among plots (Kruskal 1964; Mather 1976).  NMS avoids 

assumptions of linearity among community variables (McCune and Grace 2002).  In 

addition, NMS allows use of the Sørensen distance measure that is effective with 

community data.  The “slow and thorough” autopilot mode of PC-ORD sought the best 

fit (lowest stress and instability from multiple random starting configurations).  We used 

a maximum of 500 iterations in 250 runs of real data.  The significance of the best fit was 

tested as the proportion of randomizations with stress less than or equal to the observed 

stress, using 250 trials.  Randomizations shuffled elements of the community matrix 

within species.  Ordinations were rigidly rotated to load the strongest environmental 

variable onto a single axis.  The final configuration of sample units in species space 

consists of ordination scores for each plot on each axis.  The coefficient of determination 

is the proportion of variance in Sørensen distance from the original matrix that was 

represented by Euclidean distance in the ordination.  Linear relationships between 

ordination scores and environmental variables were depicted as joint plots.   
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Subset analyses were conducted to focus on non-calcareous and non-rocky plots, 

potentially revealing more subtle patterns.  The subset was derived from the original 77 

plots within BELA (excluding the outlier, 5P).  Plots were removed on the basis of 

greater than 5% rock cover and those occurring on dolomite or limestone.  Of the 

remaining 42 plots, two were identified as outliers.  Plot 13P was 2.6 standard deviations 

from the mean, and 7L was 2.1 standard deviations from the mean.  These plots were 

outliers primarily due to low sample unit totals (24% and 30%, respectively, as compared 

to the average of 43%).  These plots also lacked some nearly ubiquitous taxa present at 

all other plots (see yellow box in Fig. 3.5).  These plots appeared clearly peripheral to the 

central cloud of points and were deleted for the subset analysis.  We also deleted 

Arctoparmelia separata, Cetraria hepatizon, Pilophorus cereolus, Sphaerophorus 

fragilis, Stereocaulon subcoralloides, and Umbilicaria carolinana to eliminate all 

primarily or strictly saxicolous species.  The final subset contained 40 plots and 83 

species.   

We sought groupings based on lichen community composition using two-way 

hierarchical agglomerative cluster analyses in PC-ORD 5 (McCune and Mefford 2005).  

Two-way cluster analysis combines independent clustering of sample units and species 

into a single diagram.  Plots are combined into groups based on compositional 

dissimilarity, measured with Sørensen distance.  Following deletion of the outlier, 5P, we 

also deleted all species with two or less occurrences to improve interpretability.  The data 

were relativized by species maximum to diminish, but not eliminate, the influence of 

species totals on species clustering.  We used flexible beta (β = -0.25) as the linkage 

method.  The optimal number of groups of plots was assessed with multi-response 

permutation procedure (MRPP; Mielke 1984), seeking the number of groups where all 

items in the group are most similar, assessed with an A-statistic (McCune and Grace 

2002).  Large A-statistics, close to one, indicate strongly cohesive groups, while lower A-

statistics, close to zero, suggest weak groupings.  

 

Results 

DIVERSITY 
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We found a total of 140 macrolichen taxa in 78 plots from BELA during summer 

2003 (Table 3.2).  Prior to deleting the outlier, the average species richness, not weighted 

by area, was 24.3 lichen species per plot.  Beta diversity, the total number of species from 

all plots combined divided by the average species richness and all subtracted by one (βw), 

is the compositional heterogeneity among sample units (McCune and Grace 2002).  The 

beta diversity for the entire sampling effort was 4.8, which is rather heterogeneous (Table 

3.1).  The most abundant species were Cetraria cucullata, C.  laevigata, Cladina stygia, 

and the composite of Cladina arbuscula/ mitis.  The most frequently encountered lichens 

included Cladonia amaurocraea in addition to the same four listed above (Table 3.2).   

 

COMMUNITY STRUCTURE 

The two-axis solution recommended by NMS was stronger than expected by 

chance, based on a randomization test (p = 0.004).  The best solution yielded a final 

stress value of 15.2.  The final instability was 0.009 and there were 500 iterations in the 

final solution.  Cumulatively, these two axes represented 86.8% of the community 

variation (Fig. 3.2).    

The first axis accounted for most of the variance, 53.4%.  The lichen species with 

the strongest association with this axis was Cladonia amaurocraea (r = 0.76).  In 

addition, all Cladina species present in BELA, except C. stellaris and C. ciliata, showed 

a strong positive correlation with this first axis.  Also positively associated with axis one 

was average adjusted lichen height and Sphagnum cover.  Conversely, ordered by 

decreasing strength of the relationship, Cetraria nivalis, C. tilesii, Thamnolia 

subuliformis, and Asahinea chrysantha were all negatively related to the first axis.  Cover 

of bare soil was also negatively correlated to this axis.  Axis one partially represented a 

bedrock gradient, because plots of calcareous bedrock clustered at the negative end (Fig. 

3.3a).  Similarly, topographic position also associated with axis one (Fig. 3.3b).  Upper 

slope and ridge top sites clustered at the negative end, while lower slope and lowland 

sites clustered at the positive end of this gradient. 

The second axis represented 33.4% of community variation.  The lichens most 

strongly negatively related to the second axis were Cetraria laevigata (r = -0.48) and C. 
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cucullata (r = -0.40).  In general, less than a third of all lichen species negatively 

correlated with this axis, most of which were weak associations.  The environmental 

variable most negatively associated with this axis was graminoid cover.  Alternatively, 

many lichen species had strong positive associations to the second axis.  Some of the 

strongest correlations included Alectoria nigricans, Bryocaulon divergens, Cetraria 

nigricans, Cladina stellaris, Umbilicaria proboscidea, and A. ochroleuca.  The greatest 

correlation between community structure and all environmental variables was rock cover, 

which positively related to the second axis.  Moreover, lichen species richness and total 

lichen cover also had strong positive associations with the second axis. 

 

LICHEN SUCCESSION 

Adjusted average lichen height, a measure of lichen mat condition, strongly 

related to community structure (r = 0.69 to the first NMS axis).  Lichen height also had 

positive correlations to Sphagnum cover (r = 0.55) and subshrub cover (r = 0.37).  

Negative correlations with lichen height included bare soil (r = -0.42) and elevation (r = 

-0.45).  Accordingly, quantitative successional scores were related to lichen community 

structure (r = 0.42 to the second NMS axis).  These successional scores were also 

moderately correlated to several environmental variables.  For example, the highest 

correlations occurred between successional scores and overall lichen cover (r = 0.35) and 

rock cover (r = 0.34).   

 

SUBSET ANALYSES 

The two strongest gradients in lichen species composition correlated with high 

rock cover of non-calcareous rocks and the presence of calcareous rock-derived soils.  By 

deleting the rock dominated plots, strictly saxicolous species, and calcareous plots, we 

hoped to further explore terricolous lichen community structure on more acidic 

substrates.  NMS recommended a two-axis solution (p = 0.004).  The best solution 

yielded a final stress value of 22.7 and final instability of 0.002.  Cumulatively, these 

axes represented 78.8% of the community variation (Fig. 3.4).   
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The first axis represented the greatest portion of variance in the subset analysis, 

54.4%.  Many of the same lichen species and environmental variables that associated 

with axis one in the full dataset also associated with the first subset axis.  For example, 

Cladonia amaurocraea and the lowland Cladina species were positively correlated to this 

axis.  In addition, plots with high Sphagnum cover and adjusted average lichen heights 

had extreme positive axis one scores.  Conversely, the plots containing Peltigera 

aphthosa, Cladonia pyxidata, C. macroceras, Cetraria cucullata, and P. leucophlebia 

scored low on subset axis one. 

The second subset axis represented 24.5% of variance in the community 

composition of the 40 plots.  Species-rich plots scored high on axis two, while elevation 

also positively related to the second subset axis.  Species most positively correlated to 

this axis, in order of decreasing strength, included Alectoria nigricans, Bryocaulon 

divergens, A. ochroleuca, and Sphaerophorus globosus.  Several of these species were 

related to axis two in the main analysis as well. The species most negatively associated 

with this axis were Cladonia gracilis ssp. turbinata and Nephroma arcticum, although 

weakly so.   

 

TWO-WAY CLUSTER ANALYSIS 

We pruned the lichen plot dendrogram to include three clusters, referred to as 

lichen community groups (Fig. 3.5).  This solution was chosen because only minor 

increases in the A-statistic in MRPP resulted from solutions with greater than three 

groups.  Alternatively, when assessing the appropriate number of species groups, we 

found A-statistics rose with no apparent plateau as the number of groups increased.  We 

divided species, therefore, into seven groups.  This number was chosen primarily for 

interpretability, and groups were defined visually, in part based on their associations with 

plot groups.   

The three lichen community groups are distinguished by their hydrology, rock 

cover and underlying substrate.  The smallest lichen community group includes plots all 

underlain by calcareous bedrock, henceforth the calcareous group.  These twelve plots are 

indicated by calciphilic lichens.  The second lichen community group, the rock group, 
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comprised 22 plots, averaging 47% rock cover.  This group is indicated by some 

saxicolous and dry-associated lichens.  The remaining lichen community group was the 

largest, with 43 plots.  We called this the lowland group because its plots contained mesic 

or wet-associated lichens characteristic of lowlands areas. 

The seven species groups differed in substrate affinities, hydrologic preferences 

and lichen community group associations.  The first species group (shown as red box in 

Fig. 3.5) contained alectorioid as well as dry-associated lichens, such as Asahinea 

chrysantha, Thamnolia subuliformis, and various Cetraria and Dactylina species.  The 

species from this cluster occurred in nearly every lichen community group, yet varied in 

abundance.  They were fairly common in both the calcareous and rock groups, but in low 

abundance or absent from the lowland group.   

The second species group represented the calciphiles, including Cetraria tilesii, 

Cladonia pocillum, Dactylina beringica, Evernia perfragilis, Hypogymnia subobscura, 

and Masonhalea richardsonii (brown box in Fig. 3.5).  The third species cluster 

contained Cladina stellaris, saxicolous lichens, and several dry-habitat species (boxed in 

green in Fig. 3.5).  This cluster occurred almost exclusively in the rock group yet 

appeared infrequently, and in low abundance, in the lowland plots.  Most of the species 

from this third cluster are terricolous, yet survive in scattered microhabitats present in 

rocky plots.   

The fourth and largest cluster contained species sporadically present to varying 

degrees in all lichen community groups (yellow box in Fig. 3.5).  All corticolous species 

fell into this species cluster.  Numerous dry-land Cladonia species, several Peltigera 

species, and Lobaria linita also belong to this group.  The remainder of the cluster was 

formed by rare saxicolous or rock-associated lichens. 

The tightest group of all seven clusters (shown in magenta) contains ubiquitous 

species, including the two most frequent taxa, Cetraria cucullata and C. laevigata.  These 

pervasive species occurred in fairly high abundance in nearly every plot, with the 

exception of plots 3P, 7L and 13P (shaded pink box in Fig. 3.5). The sixth species group 

(shown in blue) reflects the common Cladonia species (e.g., C. amaurocraea, C. gracilis 

ssp. elongata) and lowland Cladina species (excluding C. ciliata and C. stellaris).  These 
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species were not present in calcareous plots and were generally less abundant than the 

ubiquitous species in the magenta species group.  The final group (turquoise box in Fig. 

3.5) aggregated species that occur primarily in lowland plots.  Although fairly common in 

these lowland plots, their abundance is even lower than that of the blue species group.  

The species that comprise this group, Cladonia cenotea, C. cyanipes, C. crispata, 

Nephroma arcticum and Peltigera scabrosa, often occupy very moist sites.   

 

Discussion 

SUBSTRATE AND TOPOGRAPHIC GRADIENT 

Ordinations based on lichen species composition reveal a gradient that combines 

substrate and topography along the first axis.  This gradient manifests as a trend in 

vegetation communities ranging from low, moist sites to dry ridge tops.  Plots at the 

moist, tussock end of axis one are dominated by Sphagnum and several Cladina species.  

The communities grading toward the dry ridges contained more patches of bare soil and 

included Thamnolia subuliformis, Asahinea chrysantha, Dactylina beringica, and various 

species of Cetraria.   

Substrate characteristics are integral in lichen establishment, growth, and survival 

(Brodo 1973).  Bark pH has been identified as a driver in epiphytic lichen distributions 

(e.g., Kuusinen 1996; Kermit and Gauslaa 2001).  Substrate pH has also been shown to 

alter juvenile lichen growth in terricolous communities (Robinson et al. 1989).  

Variations in substrate likely contribute to the patchwork of lichen communities in 

BELA.  The strong gradient in lichen species composition along the first axis corresponds 

to communities with distinctly different substrate pH.  Sphagnum species have high 

cation exchange capacities thereby increasing the acidity of their surrounding 

environment (Clymo 1964; Andrus 1986).  Plots at the positive end of axis one have high 

Sphagnum cover and low pH.  Alternatively, sites on the left end of axis one are 

relatively dry and alkaline.   

The bedrock of BELA ranges from volcanic basalts to stratified sedimentary 

rocks (Till and Dumoulin 1994).  The major rock types, as a categorical variable, were 

strongly patterned on the ordination and differed in lichen community composition (Fig. 
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3.3a).  Moreover, the calcareous lichen community group, derived from cluster analysis, 

includes nearly all plots occurring over calcareous parent materials (Fig. 3.3a, c).  

Dolomite, or calcium magnesium carbonate, buffers soil pH and contributes to soil 

magnesium.  Lichen communities within BELA respond strongly to substrate differences, 

which reflect the presence of dolomite and limestone.  Cetraria tilesii, negatively 

correlated to axis one, is usually found on calcareous soils and gravels (Thomson 1984).  

Also, Cladonia pocillum, Dactylina beringica, Evernia perfragilis, Hypogymnia 

subobscura, Masonhalea richardsonii and Ramalina almquistii group together with 

Cetraria tilesii in the two-way cluster analysis of species to form a calcareous species 

group (Fig. 3.5).  Other abundant taxa at these plots, C. nivalis and Thamnolia 

subuliformis, are not obligate calciphiles yet are often observed in areas underlain by 

calcareous material.  Species sorting by soil type has also been demonstrated among 

vascular communities in neighboring areas (Kelso 1989; Epstein et al. 2004). 

Calcareous rocks not only alter soil pH, but also relate to topographic position.  

Dolomite and limestone may remain as high, enduring peaks on the landscape.  

Calcareous rocks at lower sites, however, may be overlain by alluvial and colluvial 

deposits and become acidified by accumulation of organic matter.  We divided the overall 

topography of BELA into four major categories: ridge, upper slope, lower slope, and 

lowlands.  Again, when this categorical variable or general upland-lowland groupings are 

overlain onto the ordination of lichen community structure, a clear pattern emerges (Fig. 

3.3b).  Similar patterns of high organic matter accumulation and Sphagnum 

encroachment occur in flat lowland areas in boreal regions (Fenton et al. 2005).  

Likewise, community shifts related to topography and soil parent material have been 

demonstrated on a large scale throughout the Alaskan Arctic (Epstein et al. 2004).  In 

sum, lichen community structure within BELA associates with a gradient of soil pH and 

topographic position. 

 

ROCKINESS GRADIENT 

The environmental variable with the greatest correlation to lichen community 

composition is bare rock cover (r = 0.87 to axis two).  Lava flows are the most prominent 
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landscape features in BELA.  Rippling basalt clothes more than 400 km2 of arctic tundra 

in the south-central portion of BELA.  Plots with the highest rock cover are located in the 

lava beds.  Also associated with this axis is high lichen species diversity and high overall 

lichen cover.  Lichen species positively associated with axis two are strictly rock-

dwelling (Umbilicaria proboscidea) or often saxicolous but also grow directly on gravely 

soil (e.g., Alectoria nigricans, Cetraria nigricans, and Bryocaulon divergens).  In 

general, plots with high rock cover tend to have the highest species richness (r = 0.66).  

These areas contain elements of both the terricolous lichen flora as well as a plethora of 

saxicolous species not reflected in our sampling.  Overall, plots with high scores on axis 

two are rocky and speciose.   

In all analyses, plots with high rock cover are distinctly different from all other 

plots.  Accordingly, we compared the four cover types which comprised one of our 

sampling strata: Dwarf shrub-lichen dominated, Mesic-dry herbaceous, Open low shrub-

dwarf birch/Ericaceous, and Sparse vegetation, and found the strongest differences were 

between the Sparse vegetation cover type and all other cover types (Table 3.1).  Mean 

values of lichen species richness, overall lichen cover, bryophyte cover, Sphagnum cover, 

exposed rock cover, and graminoid cover for the Sparse vegetation cover type are 

statistically distinct from any of the other cover types (Table 3.1).  Ordination axis two 

segregates the markedly different Sparse vegetation plots, which cluster together in the 

ordination, peripheral to all other points (Fig. 3.3d).  In general, these plots had less 

vascular plant cover with which to compete, more rocks providing a variety of substrates, 

and often thinner soils.  These unique environmental characteristics encourage diverse 

and prolific lichen communities.   

Two-way cluster analysis depicts two species groups limited nearly exclusively to 

rock-dominated plots.  The species group containing alectorioid as well as dry-associated 

lichens (shown in red in Fig. 3.5), is abundant in rock dominated and limestone-derived 

plots.  Another species cluster (shown in green in Fig. 3.5) restricted to the rock group 

contains mostly saxicolous lichens, several dry-habitat Cladonia species, and Cladina 

stellaris.  Macrolichens from this group often inhabit crevices and other spaces between 
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rocks.  These species were seldom encountered in non-rocky plots, yet occasionally 

found in low abundance in otherwise mesic sites.   

 

SUBSET ANALYSIS 

The two main gradients in the full dataset are presence of calcareous bedrock and 

rockiness.  After removing nearly half the plots, comprising the rocky and calcareous 

plots and strictly saxicolous species, we found similar patterns from the original analysis 

in the subset ordination.  The first major trend, along axes one in both analyses, is a 

gradient of lichen species composition in response to Sphagnum cover.  Although present 

in both analyses, the subset analysis highlights the segregation of Sphagnum-tolerant 

lichens, including the Cladina mitis/arbuscula composite, compared to those that are 

more intolerant, such as Cetraria cucullata, Cladonia pyxidata and Peltigera aphthosa.   

The second major trend present in both datasets, along axis two, represents a 

gradient of increasing lichen species richness associated with increased rockiness.  Our 

removal of the rockiest plots and any strict saxicolous species for the subset analysis did 

not appear to disrupt this general trend in lichen species richness.  Although this gradient 

of species richness persisted into the subset analysis, the rock signal and its associated 

lichens disappeared.  Instead, a new pattern of species diversity emerges, independent of 

rockiness.  The presence of dry hummocks and open frost boils amid the sea of Carex/ 

Eriophorum tussocks spatially diversifies microhabitats, which increases species 

diversity.  Species that commonly occupy open boils or dry hummocks are Alectoria 

nigricans, Bryocaulon divergens, A. ochroleuca, and Sphaerophorus globosus, all of 

which positively related to axis two in the subset analysis.  Furthermore, lichens 

associated with various microhabitats, ranging from wet to xeric dependent upon the 

microtopography, are found in the lowland group (see yellow box in Fig. 3.5).  Spatial 

patterning associated with microtopographic variability has also been reported elsewhere 

in the arctic (Benscoter et al. 2005).  Moreover, these spatially diverse plots tended to be 

higher in elevation.   

 

LICHEN SUCCESSION 
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Disturbance significantly shapes plant communities, especially in the harsh arctic 

environment (Muller 1952; Churchill and Hanson 1958).  In the full dataset, we found 

successional scores moderately related to the second ordination axis (r = 0.42).  

However, this axis is probably not a simple successional gradient.  Graminoids and 

disturbance-tolerant lichens (e.g. Cetraria laevigata, C. cucullata, Cladonia bacilliformis, 

C. cornuta) dominated plots scoring low on axis two.  However it seems unlikely that 

given any amount of time that these sites would develop into lush, diverse communities 

of late-successional species (e.g., Alectoria ochroleuca, Bryocaulon divergens, Cetraria 

nigricans, Cladina stellaris) like those in the opposing rocky sites.  Instead, we 

hypothesize that axis two contrasts deep soils dominated by graminoids with thin soils 

that support low graminoid cover.  Generally, late-successional lichen species occur in 

areas with high rock cover.  We do not suggest that these rocky sites are free of other 

types of disturbance, but are simply unfavorable for vascular plant establishment (i.e., 

exposed rock slabs or rocky tundra) allowing lichens to proliferate.  In sum, late-

successional species are able to establish and prevail in areas with sparse vascular 

competitors, whereas lichens tolerant of high vascular plant competition or those able to 

establish in novel sites exposed by cryoturbation, fire, or grazing, colonize these 

disturbed patches.  

A major factor determining these lichen communities is rockiness. Clearly rock 

cover will not increase substantially over time in moist tussock tundra sites of BELA that 

are not currently rocky.  So despite moderate correlation between successional scores and 

axis two, this gradient is not temporal but rather spatial.  The successional correlation 

merely reflects sparse vascular vegetation and resistance of rocky sites to disturbance.  

The distribution of the Sparse vegetation cover type across the landscape peppers 

hotspots of lichen diversity and abundance throughout BELA.  These rich late-

successional lichen communities emerge in sites deficient in vascular plants.  In sum, a 

major pattern in lichen community structure, corresponding to the first ordination axis, 

represents a successional gradient in space not time. 

We also indirectly measured lichen succession using lichen height as a proxy of 

lichen age or productivity (Ahti 1959; Steen 1965).  Lichen height, however, not only 
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suggests the successional status of a site by quantifying the amount of lichen on the 

landscape, but also indicates site characteristics.  Lichen height associates with a 

topographic-pH gradient that manifests as tall or short lichens.  Such a decreasing trend 

in lichen height with increasing elevation or topography has also been documented in 

Newfoundland (Bergerud 1971).  In BELA, the ability of Cladina rangiferina, C. stygia, 

and Cladonia amaurocraea to grow vertically enables them to survive in moist, lowland 

areas where they compete with bryophytes and vascular plants.  On ridges, lichens 

struggle with survival in a less competitive environment, so minimal growth or compact 

horizontal growth benefits lichens by reducing evaporative losses or minimizing wind 

scour.   

Several of the typically tall species cluster together in the two-way cluster 

analysis (boxed in blue in Fig. 3.5).  This group of species is moderately abundant in both 

lowland and rocky plots.  In rock-dominated sites, these ground-dwelling lichens persist, 

despite high rock cover, which alludes to the late-successional role of these species.  

Alternatively, the presence of these species in lowland environments reflects aspects of 

the growing environment in addition to other disturbances such as grazing.  For example, 

we have no evidence that the northern portion of BELA with its taller lichens is less 

disturbed or grazed, but it seems probable that environmental conditions within these 

areas, including higher bryophyte and vascular plant cover, support greater vertical lichen 

growth.  We directly address these grazing questions in another paper (Holt et al. 2007a).  

Lichen succession, whether measured by successional scores, diversity or height, is 

influenced in tandem by disturbance and environment.  

 Undeniably, disturbance and environment has shifted over time, naturally or due 

to human influence, and will continue to in the future.  This paper, however, represents 

merely a snapshot of a dynamic system that is the macrolichen communities in BELA.  

The species relationships and community structures we have presented serve as a 

baseline.  Comparisons with future assessments may provide evidence depicting how this 

system responds to changes in climate, disturbance and land use.  Substrate, topography 

and rockiness appear to be the factors most strongly associated with current patterns in 

lichen community composition and succession.  Yet as disturbances increase will rocky 
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sites continue to provide a refuge for diverse and prolific lichen communities?  As the 

environment changes will substrate and topography become more weakly associated with 

lichen community structure and be replaced by other factors?  And finally, will future 

lichen communities of BELA be drastically different than they are today? 
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Table 3.1: Characteristics of four cover types in the Bering Land Bridge National 
Preserve.  Mean values in original units and standard errors in parentheses.  Different 
letters indicate statistically different cover types (α = 0.05) using transformed 
variables in ANOVA.  Cover types are: L, Dwarf shrub-lichen dominated; M, Mesic-
dry herbaceous; P, Open low shrub-dwarf birch/Ericaceous; S, Sparse vegetation.  
“All” represents the Preserve-wide average across all four cover types, weighted by 
area of the cover type (weighted SE in parentheses).  

 L M P S ALL 

SAMPLE SIZES 

No. plots  20 20 201 17 782 

Area (km2)  695 2124 2252 605 5676 

LICHEN COMMUNITIES 

Alpha diversity  23.9 (1.88)a 19.3 (1.11)a 22.1 (1.29)a 34.1 (1.81)b 22.2 (0.08) 

Gamma diversity  101 70 90 110 140 

Beta diversity  3.2 2.6 3.1 2.2 4.8 

Lichen height (cm) 6.69 (0.51) 8.24 (0.38) 7.98 (0.39) 6.48 (0.58) 7.76 (0.005) 

Lichen cover (%) 23.1 (3.05)a 17.8 (2.22)a 16.6 (2.56)a 53.2 (4.55)b 22.2 (0.45) 

DISTURBANCE SCORES 

Successional score3  2.18 (0.03) 2.15 (0.03) 2.16 (0.01) 2.24 (0.03) 2.17 (0.00002) 

SITE CHARACTERISTICS 

Bare duff (%) 3.25 (0.83)a 2.60 (2.60)ab 2.35 (0.32)ab 1.50 (0.44)b 2.51 (0.005) 

Bare soil (%) 2.98 (0.83)ab 0.65 (0.24)a 2.08 (1.48)a 8.47 (3.52)b 2.09 (0.05) 

Bryophyte cover (%) 21.2 (3.99)a 22.4 (3.01)a 7.63 (0.93)b 2.41 (0.69)c 14.7 (0.29) 

Sphagnum cover (%) 26.5 (7.91)a 66.6 (8.07)b 50.2 (7.68)ab 0.88 (0.88)c 50.9 (2.26) 

Elevation (m) 277.8 (25.6)a 156.2 (27.2)b 161.7 (25.4)b 385.5 (43.5)a 187.3 (30.72) 

Exposed rock (%) 3.85 (1.60)a 0.05 (0.05)b 1.10 (0.82)ab 60.0 (4.83)c 6.96 (0.59) 

Incident Radiation4  -0.69 (0.02) -0.67 (0.01) -0.67 (0.02) -0.75 (0.06) -0.68 (0.00001) 

Slope (deg) 3.61 (0.65)ab 1.96 (0.46)a 3.31 (0.40)ab 7.32 (2.21)b 3.08 (0.02) 

Water cover (%) 4.33 (1.17)a 2.38 (0.69)ab 1.68 (0.73)bc 0.35 (0.35)c 1.93 (0.01) 

VASCULAR COMMUNITIES 

Forb cover (%) 16.3 (3.38)a 8.63 (1.84)ab 12.4 (3.89)ab 5.71 (2.44)b 11.2 (0.33) 

Graminoid cover (%) 33.8 (4.00)a 47.4 (3.44)ab 49.7 (4.38)b 3.68 (0.87)c 42.3 (0.68) 

Subshrub cover (%) 16.2 (2.44)ab 18.4 (2.95)ab 25.2 (3.44)a 12.8 (2.31)b 20.7 (0.30) 

Shrub cover (%) 9.10 (1.54)ab 12.1 (3.20)a 16.1 (2.33)a 4.09 (1.40)b 11.8 (0.19) 
1Original sample size of 21, but all analyses reflect reduced sample of 20 excluding the outlier, 5P. 
2Diversity estimates reflect all 78 plots, while all other variables reflect only 77, excluding 5P. 
3Successional scores range between one and three. 
4Calculation based on slope, aspect and latitude, and units are (ln(Rad, MJ/cm2/yr)) 
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Table 3.2:  Species list of 140 unique taxa, and associated species codes, found in 
the Bering Land Bridge National Preserve from 78 plots in 2003.  “Ave” is the 
average abundance (cover class scale ranges between 0-6), and “Freq” is the number 
of plots in which each species was encountered.   
Species Code Ave Freq Species Code Ave Freq 
Alectoria nigricans Alenig  2.1 49 Cladonia decorticata Cladec   1.0 3 
Alectoria ochroleuca Aleoch  2.3 41 Cladonia deformis Cladef   1.3 8 
Arctoparmelia centrifuga  Arccen  2.7 3 Cladonia digitata Cladig   1.0 3 
Arctoparmelia separata  Arcsep  1.9 14 Cladonia fimbriata Clafim   1.1 7 
Asahinea chrysantha Asachr  2.1 32 Cladonia furcata  Clafur   1.6 5 

Asahinea scholanderi  Asasch  1.5 13 
Cladonia gracilis ssp. 
Elongate Clagre   1.4 27 

Bryocaulon divergens  Brcdiv  2.2 46 
Cladonia gracilis ssp. 
Turbinate Clagrt 1.4 12 

Bryoria chalybeiformis Brycha  1.5 2 
Cladonia gracilis spp. 
vulnerata Clagrv 1.8 12 

Bryoria fuscescens Bryfus  1.0 1 Cladonia grayi Clagry   1.3 6 
Bryoria nitidula  Brynit   1.6 17 Cladonia macrophylla Clamac   1.1 11 
Cetraria andrejevii  Cetand  2.0 3 Cladonia macroceras Clamas   1.5 13 
Cetraria cucullata  Cetcuc  3.3 73 Cladonia maxima  Clamax   2.1 38 
Cetraria delisei  Cetdel   2.5 12 Cladonia merochlorophaea  Clamer   1.0 2 
Cetraria ericetorum  Ceteri   2.3 4 Cladonia metacorallifera  Clamet   1.0 3 
Cetraria fastigiata  Cetfas   1.0 1 Cladonia nipponica  Clanip   2.0 6 
Cetraria hepatizon  Cethep  1.4 5 Cladonia phyllophora  Claphy   1.2 6 
Cetraria islandica  Cetisl   2.1 47 Cladonia pleurota  Claple   1.3 10 
Cetraria kamczatica  Cetkam  1.8 13 Cladonia pocillum  Clapoc   1.0 7 
Cetraria laevigata  Cetlae   3.0 70 Cladonia pyxidata  Clapyx   1.7 9 
Cetraria nigricans  Cetnig   2.5 15 Cladonia squamosa  Clasqu   1.1 14 
Cetraria nivalis  Cetniv   2.2 56 Cladonia stricta  Clastr   1.5 4 
Cetraria pinastri  Cetpin   1.2 14 Cladonia subfurcata  Clasuf   1.6 36 
Cetraria sepincola  Cetsep  1.5 4 Cladonia sulphurina  Clasul   1.5 48 
Cetraria tilesii  Cettil   2.1 9 Cladonia uncialis Claunc   2.1 49 
Cladonia acuminata Claacu 1.0 1 Cladonia species 1 Cla1  2.7 3 
Cladonia alaskana Claala 2.0 1 Cladonia species 2 Cla2   2.0 2 
Cladonia albonigra  Claalb   1.0 3 Cladina arbuscula/ mitis1 Cldarb/m 3.1 67 
Cladonia amaurocraea  Claama  2.6 65 Cladina ciliata  Cldcil   3.2 5 
Cladonia bacilliformis  Clabaf   1.1 22 Cladina rangiferina  Cldran   3.4 50 
Cladonia bellidiflora  Clabel   1.3 35 Cladina stellaris  Cldste   2.9 22 
Cladonia borealis  Clabor  1.2 9 Cladina stygia  Cldsty   3.7 64 
Cladonia botrytes  Clabot   1.1 10 Coelocaulon muricatum  Coemur   1.7 6 
Cladonia cariosa Clacai 2.0 1 Dactylina arctica  Dacarc   2.3 20 
Cladonia cenotea  Clacen  1.2 16 Dactylina beringica  Dacber   1.6 10 
Cladonia cervicornis s.l. Clacer   1.3 11 Dactylina madreporiformis  Dacmad   1.0 2 
Cladonia chlorophaea  Clachl   1.0 5 Dactylina ramulosa Dacram   1.7 12 
Cladonia coccifera Clacoc  1.8 30 Evernia perfragilis  Eveper   1.5 4 

Cladonia cornuta Clacor   1.2 31 
Hypogymnia castanea Krog 
ined. Hypcas   1.5 2 

Cladonia crispata  Clacri   1.1 12 Hypogymnia physodes Hypphy   1.1 11 
Cladonia cyanipes  Clacya  1.1 24 Hypogymnia subobscura  Hypsub   1.6 8 
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Table 3.2 (Continued.)       
Species Code Ave Freq Species Code Ave Freq 
Icmadophila ericetorum  Icmeri   1.2 9 Ramalina almquistii  Ramalm 1.0 4 
Lobaria linita  Loblin   1.6 17 Ramalina intermedia Ramint   1.0 1 
Masonhalea richardsonii  Mahric   2.0 8 Siphula ceratites  Sipcer   1.8 6 
Melanelia stygia  Melsty   1.0 1 Solorina bispora Solbis   1.0 2 
Nephroma arcticum  Neparc   1.9 19 Solorina crocea Solcro   3.0 2 
Nephroma expallidum Nepexp  1.3 12 Sphaerophorus fragilis Sphfra   1.6 20 
Nephroma parile Neppar   1.0 1 Sphaerophorus globosus  Sphglo   2.2 56 

Ochrolechia frigida  Ochfri   1.0 2 
Stereocaulon 
apocalypticum  Steapo   1.3 3 

Parmeliopsis ambigua  Papamb  1.0 6 Stereocaulon arenarium  Steare   3.0 1 
Parmeliopsis hyperopta  Paphyp  1.0 1 Stereocaulon botryosum  Stebot   2.0 1 
Parmelia omphalodes  Paromp  1.4 5 Stereocaulon glareosum  Stegla   1.0 1 

Parmelia sulcata  Parsul   1.7 13 
Stereocaulon 
groenlandicum  Stegro   1.5 2 

Peltigera aphthosa  Pelaph   1.9 21 Stereocaulon paschale Stepas   2.2 31 

Peltigera canina  Pelcan   1.0 1 
Stereocaulon 
subcoralloides  Stesub   1.0 4 

Peltigera horizontalis  Pelhor   2.0 1 
Stereocaulon 
symphycheilum  Stesym   1.4 7 

Peltigera leucophlebia  Pelleu   1.8 19 Stereocaulon tomentosum  Stetom   1.3 3 
Peltigera malacea  Pelmal   1.0 2 Stereocaulon vesuvianum  Steves   2.0 2 
Peltigera membranacea  Pelmem  1.0 1 Stereocaulon wrightii Stewri 3.5 2 
Peltigera neckeri  Pelnec   2.0 1 Sticta arctica  Stiarc   1.0 3 
Peltigera neopolydactyla  Pelneo   1.0 2 Thamnolia subuliformis Thasub   2.5 32 
Peltigera polydactylon  Pelpol   1.0 3 Thamnolia vermicularis  Thaver   2.1 47 
Peltigera praetextata  Pelpra   1.0 1 Umbilicaria arctica  Umbarc   4.0 5 
Peltigera rufescens  Pelruf   1.3 3 Umbilicaria caroliniana  Umbcar   2.2 9 
Peltigera scabrosa  Pelsca   1.5 16 Umbilicaria cylindrica Umbcyl   1.0 1 

Pilophorus cereolus  Pilcer   1.7 3 
Umbilicaria hyperborea 
var. hyperborea Umbhyp   2.1 9 

Pilophorus robustus  Pilrob   1.0 1 Umbilicaria polyphylla  Umbpol   2.0 1 
Pseudephebe minuscula Psemin   1.0 1 Umbilicaria proboscidea  Umbpro   2.6 17 
Pseudephebe pubescens  Psepub   1.0 2 Umbilicaria rigida  Umbrig   2.5 2 
Psora decipiens  Psodec   1.0 1 Umbilicaria scholanderi  Umbsch   3.0 1 
Psora nipponica  Psonip   1.0 1 Umbilicaria torrefacta  Umbtor   1.3 3 
1 Cladina arbuscula and C. mitis were combined into a single variable for all analyses due to several 
ambiguous identifications 
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Figure 3.1:  The Bering Land Bridge National Preserve, shaded dark gray, is located in 
northwestern Alaska.  For reference, the approximate location of the Arctic Circle is 
depicted with a dashed line.   
 



 
 

44

 
 

 
 
 
Figure 3.2:  NMS ordination of the plots in species space rigidly rotated 105° and 
reflected horizontally.  Plots are depicted as triangles and lines represent joint plots of the 
species variables (r2 cutoff = 0.30).  Lichen species codes are in Table 3.2.  Ellipse 
encloses most of the subset of plots used in further analyses.  Inset in upper right corner is 
same NMS ordination, with joint plot of the environmental and lichen summary variables 
(bare soil cover, graminoid cover, Sphagnum cover, adjusted average lichen height, total 
lichen cover, lichen species richness, and rock cover).   
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Figure 3.3:  Four overlays of environmental variables onto the main ordination from Fig. 
3.2.  Dashed lines and ellipses roughly enclose general groupings of related points to 
demonstrate overall trends: (A) underlying bedrock type, (B) topographic position, (C) 
lichen community groups derived from cluster analysis, and (D) cover types used in 
stratification where: : Mesic-dry herbaceous; ▲: Open low shrub-dwarf 
birch/Ericaceous; : Dwarf shrub-lichen dominated; and +: Sparse vegetation. 
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Figure 3.4:  NMS ordination of the 40 subset plots in lichen species space.  Plots are 
depicted as triangles and lines represent joint plots of the species variables (r2 cutoff = 
0.25).  Lichen species codes are in Table 3.2.  Inset in upper right corner is same NMS 
ordination, with joint plot of the environmental and lichen summary variables (Sphagnum 
cover, adjusted average lichen height, lichen species richness, and elevation).   
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Figure 3.5 (next page): Two-way cluster analysis dendrogram of 77 plots and 99 
macrolichen species (missing doubletons).  Each circle represents relative abundance by 
column (darker is more abundant).  The three lichen community groups are indicated to 
the right, including the calcareous, rock and lowland groups.  The seven species groups 
are indicated with colors.  The first cluster, shown in red, contains alectorioid as well as 
dry-associated lichens.  The brown box represents the calciphiles.  The third species 
group, shown in green, contains Cladina stellaris, saxicolous lichens, and several dry-
habitat Cladonia species.  The large yellow box highlights several corticolous species 
growing on shrubs, some mesic lichens and other species found in unusual microhabitats 
within rocky areas.  The magenta box defines nearly ubiquitous lichens present in all 
plots except plots 3P, 13P and 7L, covered in shaded pink box.  The blue box depicts 
common Cladonia species, lowland Cladina species, and the two most common Cetraria 
species.  The final species group, including numerous moist-habit Cladonia species, 
Peltigera scabrosa, and Nephroma arcticum, is indicated in turquoise.   
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Figure 3.5. 
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Abstract 

 We sought to assess impacts of fire and grazing by reindeer and caribou on lichen 

communities in northwestern Alaska.  Macrolichen abundance was estimated from 45 

0.38-ha plots.  Eighteen of those plots, scattered throughout the southern Seward 

Peninsula, represented two levels of grazing, heavy and light.  We found lightly grazed 

areas had taller lichens and greater total lichen cover than heavily grazed sites.  Minor yet 

statistically significant changes in community structure were also observed between 

heavily and lightly grazed sites.  However, lichen species richness did not differ by 

grazing status.  Overall, average lichen height appears to be the best indication of grazing 

intensity on the Seward Peninsula.  Apart from the 18 grazing plots, 8 additional plots 

were established in previously burned sites to represent reference conditions with a 

known time since disturbance date.  These plots provided a framework of vegetation 

recovery from severe, recent disturbance towards pre-disturbance conditions.  Patterns in 

lichen, bryophyte and vascular plant characteristics from these fire plots in combination 

with our findings from the grazing plots were then used to interpret the disturbance 

history of new plots.  These new plots comprise the remaining 19 plots (of the total 45) 

that were sampled within the Bering Land Bridge National Preserve (BELA).  We believe 

the location of BELA, regardless of disturbance history, is more favorable to vascular 

plants and Sphagnum, and lichens grow taller in response, compared to areas on the 

Seward Peninsula further south.  In addition, lower cover in the Preserve may be 

attributed to site or climatic differences rather than grazing. 

 

Introduction 

Over the past century, dramatic fluctuations in caribou (Rangifer tarandus granti) 

and reindeer (Rangifer tarandus tarandus) populations in northwestern Alaska have 

carried correspondingly variable social, economic and biological consequences.  The 

eastern half of the Seward Peninsula, including lower portions of the Bering Land Bridge 

National Preserve (BELA), is historical wintering grounds for Alaska’s largest caribou 

herd, the Western Arctic herd (Dau 2000).  In the early 1900s, numbers of native caribou 

across North America declined (Bergerud 1974).  The geographic range of remaining 
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animals in the Western Arctic herd contracted and migration routes shifted east and 

northward, excluding their traditional rangelands on the Seward Peninsula.  In response 

to reduced numbers of caribou, Russian Chukotka reindeer were introduced onto the 

Seward Peninsula to initiate reindeer husbandry to overcome food shortages and 

stimulate local economies (Postell 1990).  In less than four decades, the reindeer industry 

boomed and the number of reindeer peaked at over 600,000 animals, most confined to the 

Seward Peninsula (Postell 1990).  These high numbers quickly declined during the 1930s 

(Dau 2000).  Concurrent with decreasing numbers of reindeer, the Western Arctic caribou 

herd increased more than six-fold in three decades, and recent census estimates roughly 

430,000 caribou in northwest Alaska (Dau 2003).  Moreover, the winter range of the 

Western Arctic herd is shifting back onto the Seward Peninsula into reindeer ranges 

(Finstad et al. 2002).  While caribou numbers on the Seward Peninsula continue to 

increase, only about 10,000 reindeer still remain in the area today (pers. comm. Rose 

Fosedick, Kawerak Reindeer Herders Association, August 2006). 

These extreme shifts in caribou and reindeer occupation of the Seward Peninsula 

sparked concern regarding rangeland health and quantity and quality of forage.  It has, 

however, been suggested that grazing by native herbivores is part of the flora’s 

evolutionary history, thus cannot be considered a disturbance (Milchunas et al. 1998; 

Suominen and Olofsson 2000).  To varying degrees, cervids have always grazed this 

region.  Reindeer, however, are non-migratory and local herders attempted, until recently, 

to maintain large herds in allotted grazing ranges (Ihl and Klein 2001).  Alternatively, the 

native grazers, caribou, are migratory and thus intense, persistent grazing pressure is 

uncommon (Jefferies et al. 1994).  During the summer, these animals feed on shrubs, 

forbs, graminoids, fungi and lichens (Ahti and Hepburn 1967; Holleman et al. 1979).  

Lichens alone constitute all or a sizable portion of reindeer and caribou winter forage 

(Scotter 1967; White and Trudell 1980; Heggberget et al. 2002).  Periods during which 

other forage is largely unavailable can encompass up to two-thirds of a year in these 

Arctic regions.   

Extensive research in the past fifty years has demonstrated that grazing, including 

both consumption and trampling, can negatively alter lichen communities in Arctic and 
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Antarctic environments (e.g., Ahti 1959; Helle and Aspi 1983; Swanson et al. 1985).  

Aside from overall reductions in biomass (Gilbert 1974) and decreases in relative lichen 

abundance (Helle and Aspi 1983), hooves fragment and displace lichens (Pegau 1969; 

Cooper et al. 2001).  Lichen rangeland management, aiming to maintain adequate forage 

and monitor recovery to gauge grazing rotation periods, is at the center of many Arctic 

grazing studies (e.g., Pegau 1970; Gilbert 1974; Klein 1987; Virtala 1992; Kumpula et al. 

2000).  Some work has also focused on free-ranging cervid populations (e.g., Ahti 1959, 

Moser et al. 1979; Arseneault et al. 1997; Boudreau and Payette 2004).  Several sought 

explanations for migration eccentricities (Ahti 1959; Bergerud 1971; Ferguson et al. 

2001) or changes in ecosystem productivity (Manseau et al. 1996).  Regardless, the 

findings are consistent: grazing reduces lichen cover and biomass.  Fewer studies, 

however, have investigated grazing impacts on lichen community structure and diversity.  

The limited research on this topic has described consistent shifts in lichen community 

composition associated with grazing (Ahti 1959; Pegau 1970; Klein 1987; Manseau et al. 

1996; Tommervik et al. 2004).  In contrast, documentation of diversity differences 

between grazed and ungrazed areas is rather sparse and, where available, inconsistent 

(Gilbert 1974; Helle and Aspi 1983; Olofsson et al. 2001). 

Our study represents a unique assessment of how grazing impacts the amount of 

lichens, measured as cover and height, as well as lichen community structure and 

diversity on the Seward Peninsula.  Although others have investigated components of 

these lichen responses to grazing individually, to our knowledge, no other study has 

considered them all simultaneously in one area.  Moreover, the most recent grazing 

assessment on the Seward Peninsula was conducted over thirty years ago (Pegau 1970). 

We also hoped to use these findings to infer grazing histories of new areas of 

unknown grazing status.  Matching vegetation responses on the landscape to a 

disturbance history, however, is complicated by grazing being a partially recurring 

disturbance.  So we wanted to integrate information on vegetation recovery following 

datable events (fire).  These chronosequences (e.g., recently disturbed to 50 or more years 

since disturbance) provides context for evaluating potential grazing effects in these new 

areas of unknown grazing histories. 
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On the Seward Peninsula, the main disturbances include grazing, cryoturbation, 

solifluction movement, volcanic or mining activity, and fire.  Fire and volcanism are the 

two types of these perturbations that are not continual, and fires are the only recent 

disturbances.  Tundra fires in Alaska are infrequent and often restricted to the Seward 

Peninsula and the Noatak River area (Racine 1981).  Based on historical burn data from 

the past 50 years in BELA, we estimated 444 years, the average fire cycle, would be 

required to burn an area equal to the size of the Preserve.   

We had three primary questions in this study: (1) Using fire as a dateable 

disturbance, what is a generalized recovery model for the Arctic tundra dominated by 

dwarf shrubs and graminoids on the Seward Peninsula?  A null model predicts that 

vascular plant and lichen abundance do not shift over time, nor do they interact or alter 

each other’s abundance.  An alternative hypothesis suggests both vascular plant and 

lichen abundances vary with time since disturbance, and that vascular plants suppress and 

eventually replace lichens (Fig. 4.1).  In addition to changes in total lichen abundance, 

what patterns do other lichen community characteristics follow after fire? (2) Is grazing 

associated with differences in lichen communities on the Seward Peninsula, and if so, 

what are these differences?  We also sought geographic differences in lichen 

communities, irrespective of grazing, that might confound detection of a grazing effect.  

(3) Combining information on patterns of recovery following fire disturbances and 

community changes associated with grazing, what can be inferred about the successional 

status, or historical grazing impact, of plots from unknown disturbance history within 

BELA?   

 

Materials and Methods 

STUDY AREA 
 

The Seward Peninsula in northwestern Alaska (64°24’–66°36’N, 160°30’–

168°07’W) has been grazed by reindeer for over one hundred years.  BELA, located on 

the Seward Peninsula, was one of ten protected areas established by the Alaska National 

Interest Lands Conservation Act of 1980.  The act protects both natural and historical 
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resources, while simultaneously maintaining subsistence hunting and reindeer grazing.  

All 47,200 km2 of the Preserve are allocated into reindeer grazing allotments managed by 

the National Park Service and operated by Native permit holders.   

Plots were located in the north and central portion of the Peninsula (within the 

Preserve boundaries); near the town of Nome at the southwestern tip of the Peninsula; 

and along the eastern edge of the Seward Peninsula near the town of Koyuk (Fig. 4.2).  

Weather stations at the northern and southern tips of the Peninsula are located in 

Kotzebue and Nome, respectively.  Consistently gathered weather data were not available 

for the eastern portions of the Peninsula.  Mean July temperature in Nome and Kotzebue 

is 10.6° and 12.4°C, respectively.  Mean annual precipitation, falling primarily in late 

summer, is 44.4 cm in Nome and 28.9 cm in Kotzebue. The common vegetation types 

present in northwestern Alaska are Eriophorum tussock tundra, Dryas fell-field, 

ericaceous-shrub tundra, Eriophorum-Carex wet meadow and solifluction slopes 

(Viereck et al. 1992).  Treeline, dominated by Picea glauca, encroaches along the 

southeastern corner of the Seward Peninsula.  All of our sampling, however, was 

conducted in tundra sites and did not reflect these boreal communities.  Common shrubs 

consist of Salix spp., Betula glandulosa and Alnus crispa.  The herb layer contains mixed 

Eriophorum spp. and Carex spp., Vaccinium spp., Arctostaphylos spp., Empetrum 

nigrum, Cassiope tetragona, Ledum palustre var. decumbens and Rubus chamaemorus.  

The dominant mosses are Sphagnum spp. and Hylocomium splendens.  The lichen flora is 

dominated by species of Cladina, Cladonia, Cetraria, Peltigera and Stereocaulon. 

 

SAMPLING 

Traditionally, animal exclosures, clipping experiments or repeated observations 

are used to assess grazing impacts on vegetation.  However, exclosures are difficult to 

maintain in soil underlain by permafrost, and slow lichen growth rates prohibit short-term 

range assessments.  Our grazing classifications, therefore, were based on prior knowledge 

of reindeer use.  We sampled a total of 45 circular fixed-area plots with a 34.7-meter 

radius.  Eighteen of these 45 plots, the grazed plots, occurred throughout the southern 

portion of the Seward Peninsula, representing two levels of grazing conditions.  Two-
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thirds of these grazed plots (12 plots) were lightly or completely ungrazed, five of which 

occurred in the Nome area of the western Seward Peninsula in former grazing exclosures 

and in the Kigluaik Mountains.  The remaining seven lightly grazed plots occurred on the 

eastern Seward Peninsula.  These seven lightly grazed plots were originally classified as 

heavily grazed sites based on historical reindeer grazing accounts (pers. comm. Randy 

Meyers, BLM-Kotzebue, Jul 2004).  Surveys in 2004, however, indicate that these areas 

do not currently experience heavy grazing, but rather represent lightly grazed sites.  The 

other third of the grazed plots (6 plots), representing our heavily grazed sites, were 

located immediately adjacent to active reindeer corrals outside of Nome or in areas 

known to support animals during seasonal handlings.  Exact locations of these 18 grazed 

plots were selected arbitrarily or to maximize proximity to obvious reindeer or caribou 

activity. 

In addition to the 18 grazed plots, we also located 8 fire plots to represent lichen 

communities that experienced a major, dateable disturbance event in the past 50 years. 

These eight plots were randomly located within known historic fire perimeters. We 

acknowledge that fire or landscape conditions may vary, resulting in differential recovery 

of post-fire vegetation.  In more recent burns, burnt tussock bases and blackened soil 

provided evidence that our plots occurred within burned locations.  Otherwise, we had no 

indication as to the patchiness or intensity of the various fires—merely an outline of their 

extent.  We assumed, therefore, that our plots were large enough to capture vegetation 

variability and that our random sampling within a burn allows inference to the entire 

burn. All the fire plots occurred in a climatically and geologically similar region, and the 

surrounding unburned vegetation all appeared to be similar dwarf shrub- and graminoid- 

dominated tundra.  The burn dates span between 1954 and 1999, and comprise six 

different burn years.   

Within the Preserve, we used a stratified random sample using geographic blocks 

and GIS land cover data to locate plots (see Holt et al. 2007b for complete description).  

For the current study, we discarded roughly half the original 78 plots sampled in 2003 

due to significant differences independent of grazing or other disturbance events (i.e., 

high rock cover or unusual bedrock type).  We used 19 of the remaining 40 plots within 
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BELA to balance our design with the correspondingly lower number of grazed plots.  The 

subset of 19 plots was randomly sampled from the 40 plots, using geographic blocks as a 

stratification to spread our effort spatially.  These 19 BELA plots, of the total 45 used in 

this study, have not been burned in the past 50 years and represent areas of unknown 

grazing status. 

 Only one plot was located at each site.  Each macrolichen species encountered 

was assigned an abundance value: 1 = rare (<3 thalli), 2 = uncommon (4–10 thalli), 3 = 

common (<1% cover), 4 = abundant (1–5% cover), 5 = prolific (6–25% cover) and 6 = 

dominant (>26% cover).  Lichen determinations were primarily based on Thomson 

(1984), Goward et al. (1994), and Goward (1999).  We used thin-layer chromatography 

for identification of some Bryoria, Cladonia, Hypogymnia and Stereocaulon.  All 

Cladonia identifications were based on voucher specimens with podetia, and strictly 

sqamulose thalli were not recorded.  Specimens from the Cladonia phyllophora and C. 

cervicornis groups were identified using Brodo and Ahti (1995).  For ease in the field, we 

estimated cover of Cladina mitis and C. arbuscula, isomorphs which require separation 

with spot tests using paraphenylenediamine, as a single lumped species and combined 

their cover values into a single variable (Cladina mitis/arbuscula).  UV light 

distinguished the two chemical species of Thamnolia, which were also collected from 

every site at which they occurred.  Vouchers are deposited at Oregon State University 

Herbarium (OSC) and the National Park Service Herbarium in Anchorage, Alaska.  A 

complete species list of the 78 BELA plots is available in Holt et al. (2007b).  

Environmental measurements included slope, aspect, elevation, habitat factors (e.g., 

percent cover of rock, bare soil, open water and duff) and percent cover of general 

vegetation categories (e.g., shrub, subshrub, forb, graminoid, total bryophyte, total lichen 

and Sphagnum).  Aspect and slope were transformed into estimates of potential annual 

direct incident radiation (McCune and Keon 2002). 

 

ADDITIONAL VARIABLES 

Lichen mat condition and successional status were indicated using lichen height 

and successional scores.  In other Arctic regions, land managers have used lichen height 
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as a measure of site productivity (e.g., Ahti 1959; Steen 1965).  This measure assumes 

that heavy grazing and other ground disturbances manifest as cropped or stunted lichens.  

Similarly, we assumed that taller lichens signified robust, undisturbed communities.  In 

our study, heights of the same four lichen species (Cladina stygia, C. arbuscula/mitis, 

Cetraria cucullata, and Cetraria laevigata) were recorded, though not all four were 

necessarily present together at every plot.  Strong linear relationships among heights from 

different species allowed us to average the four measurements, when available, into a 

single variable of average lichen height.   

Finally, we created a variable to represent the successional status of each plot.  In 

a previous study, we categorized 46 species into early, mid- or late successional stages 

using a synthesis of literature reports on succession following grazing and fire (Holt et al. 

2006).  Each species was assigned a successional species score of one, two or three to 

represent these early to late-successional stages, respectively.  We used weighted 

averaging to combine our abundance estimates with these species scores yielding 

successional plot scores for each site. 

 

ANALYSES 

The coarse, approximately logarithmic, cover class scale alleviated the need to 

transform the community matrix.  Most raw percent cover values for vegetation 

categories and substrate totals were not skewed, except for bare soil and total bryophyte 

cover.  These were converted to proportions, and then arcsine-square root transformed 

(Sokal and Rohlf 1995).  Total bryophyte cover of one plot, 12L, fell far above the 

distribution of other plots, thus was deleted for all pair-wise comparisons of bryophyte 

cover.   

 We conducted univariate comparisons of lichen height, lichen species richness, 

successional scores, latitude, longitude, habitat factors and percent cover of general 

vegetation categories both between the two grazing levels as well as between geographic 

regions (i.e., north versus south and east versus west).  Grazing and geographic 

multivariate comparisons were also conducted using lichen community composition.  

Most variables did not meet normality and constant variance requirements, discouraging 
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the use of standard two-sample t-tests for comparisons.  Therefore, we used multi-

response permutation procedure (MRPP; Mielke 1984) for all comparisons in PC-ORD 5 

(McCune and Mefford 2005).  MRPP is a nonparametric permutation test that compares 

groups based on plot dissimilarity.  Although normally a multivariate procedure, it can be 

applied to a single response variable as well.  The effect size, or A-statistic, reflects the 

degree to which groups differ and is independent of sample size (McCune and Grace 

2002).  We used Sørensen distances to calculate community dissimilarity and Euclidean 

distances to assess dissimilarity among all other variables.   

We also explored potentially confounding factors by investigating linear 

correlations between the univariate lichen characteristics (successional scores, total lichen 

cover, height and richness) and various aspects of the habitat and other vegetation.  For 

these analyses, we combined the 19 BELA and 18 grazed plots.  Of these correlations, we 

present only those |r| ≤ 0.50.  In addition, analysis of the eight fire plots was limited to 

observations of general trends.  We avoided linear regressions of the fire plots due to our 

low sample size. 

 Nonmetric multidimensional scaling (NMS) depicted the multivariate 

relationships among plots (Kruskal 1964; Mather 1976).  We ordinated plots of known 

grazing history with plots from BELA seeking compositional gradients associated with 

grazing that might aid in determining BELA’s grazing history.  The “slow and thorough” 

autopilot mode of PC-ORD sought the final configuration with the lowest stress and 

instability from multiple random starting configurations.  We used a maximum of 500 

iterations in 250 runs of real data.  The significance of the final configuration was tested 

as the proportion of randomizations with stress less than or equal to the observed stress, 

using 250 trials.  Randomizations shuffled elements of the community matrix within 

species.  The coefficient of determination is the variance represented in the relationship 

between Sørensen distance in the original matrix and the Euclidean distance in the 

ordination.   
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Results and Discussion 

GENERALIZED RECOVERY MODEL 

A small sample size and narrow range of years since burn limited our conclusions 

related to floristic recovery following fire. However, the general patterns in overall lichen 

and vascular plant cover do not appear to support our hypothetical recovery model (Fig. 

4.1).  Although lichen cover, as well as total bryophyte cover, varies with time since fire 

(Fig. 4.3a, b), vascular plant cover showed no trend with time since burn (Fig. 4.3c).  

This differential response suggests that the intensity or type of disturbance experienced 

by lichens and bryophytes in these eight plots may have been severe enough to induce a 

recovery sequence of immediate reduction in cover soon after the fire, followed by slow 

accumulation and subsequent decline with time.  Meanwhile, these same disturbances 

had minor effects on vascular plant cover, which appears relatively unaltered by recent 

disturbance.  While lichens and bryophytes have few perennating structures and are often 

destroyed by burning, many Arctic vascular plants are woody or suffrutescent and burnt 

stumps and buried rhizomes are usually capable of resprouting after light or moderate 

intensities of burning.   

In sum, total vascular plant and lichen cover do not appear, at least directly, to 

interact in ways we predicted after fire.  Lichen abundance increases from its initial low 

level and then decreases despite the steady level of vascular plant cover.  Declines in 

lichen abundance with time, therefore, are likely not due to direct suppression or 

replacement by an accumulation of vascular plants over time as we expected.  Instead, 

low lichen cover may be associated with other environmental factors or the disturbance 

itself. 

Average lichen height and successional scores increased with time since burn 

(Fig. 4.3d, e).  This general increasing trend in successional scores, reflecting a 

progression from early to late-successional communities, was expected with greater time 

since burn.  Also, lichen height was used as a proxy for lichen biomass under the 

assumption that lichens were shorter with more recent or frequent disturbance, which was 

supported by our results.  Several other studies have quantified lichen height under this 

assumption (e.g., Ahti 1959; Steen 1965).  Andreev (1954), however, suggested that over 
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time, decomposition eventually exceeds growth and manifests as a decrease in lichen 

height.  Such a decline was not evident in our 50-year chronosequence. 

Lichen species richness also varied with time since burn (Fig. 4.3f).  A subtle 

peak in richness may occur between 30–40 years post-fire.  Fire appears to directly 

reduce lichen species richness.  In the two to three decades following fire, lichen species 

immigrate into the disturbed area, spreading from surrounding undisturbed patches, and 

accumulate over time.  The decline in lichen species richness after 30 years may be due 

to a few lichen taxa, such as various species of Cladina, beginning to exclude others. 

We found few comparable fire studies in the tundra (Racine 1981; Racine et al. 

2004), yet studies from neighboring boreal forests report various patterns of lichen 

diversity and succession post-fire.  Static lichen species diversity in various aged stands 

following fire has been reported for several boreal forests (Fortin et al. 1999; Boudreault 

et al. 2000).  Fortin et al. (1999) further suggested that the same species found shortly 

after fire also occur in late-successional stages and only their spatial occupancy shifts in 

time.  Conversely, a general trend of initial low diversity following disturbance, 

escalating to a peak and then a decline, as found in our lichen richness data, resembles 

many other findings in boreal regions (e.g. Kershaw 1978; Coxson and Marsh 2001).  

These studies proposed declines in lichen abundance and diversity due to late-

successional canopy closure by spruce or pine, followed by lichen displacement by 

mosses.  Reductions in lichen diversity accompany this displacement by both vascular 

plants and bryophytes (Morneau and Payette 1989; Boudreault et al. 2002).   

Although these eight plots depict general patterns of recovery and floristic 

interactions, more data, especially from 1950s and older fires are needed to substantiate 

these trends.  Moreover, our data suggest that post-fire recovery of lichens in dwarf 

shrub-graminoid dominated tundra requires more than 25 years, which was also proposed 

by Racine et al (2004).  Furthermore, more data from long-term monitoring would benefit 

a comprehensive understanding of lichen dynamics following tundra fires.   
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GRAZING EFFECTS 

Lightly grazed areas had, on average, taller lichens and greater total lichen cover 

than heavily grazed sites (Tables 4.1, 4.2).  Lichen species richness, however, was 

roughly equal in heavily and lightly grazed sites.  While no changes in richness were 

detected, minor yet statistically significant differences in community structure were 

observed between heavily and lightly grazed sites (Table 4.1).  We also found that some 

lichen characteristics (total lichen cover and height) were related to various aspects of the 

habitat and other vegetation (Fig 4.4).   

Geographic effects.  Potential effects of grazing might be confounded by 

geographic differences within the Seward Peninsula, perhaps mediated by climate or 

history.  Average lichen height was greater in the western portions near Nome than on the 

eastern Seward Peninsula, and was higher still further north in BELA (Table 4.2).  On the 

other hand, lichen cover and species richness did not significantly differ east to west 

within southern Seward Peninsula sites, yet both characteristics were substantially lower 

in BELA than all these southern plots combined.  Minor yet statistically significant 

differences in lichen community structure occurred among all geographic comparisons 

(Table 4.1).  Lastly, successional scores did not differ among all grazing and geographic 

comparisons (Table 4.1).   

Lichen quantity.  Our results agree with other reports of lower lichen height 

associated with grazing (Tables 4.1, 4.2; e.g., Pegau 1970; Bergerud 1971; Helle and 

Aspi 1983; Kumpula 2001).  We also found a moderate negative relationship of lichen 

height with bare ground cover (r = -0.50). The bare soil on the Seward Peninsula does not 

appear to result from grazing, because there was no difference in bare soil between 

grazing levels (MRPP near Nome; A = -0.03, p = 0.50).  Rather, higher cover of bare 

ground indicates cryoturbation, local soil characteristics and a deficiency of plants able to 

survive in such conditions.  Lichen architecture, quantified in our study as lichen height, 

reflects conditions associated with high bare soil, including lower competition and greater 

wind scour.  On one hand, as surrounding vegetation of mosses and vascular plants 

increases, bare soil decreases.  In such environments, taller lichens more successfully 

compete for light.  On the other hand, many sites high in bare soil tend to occur on more 
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exposed, rocky ridge tops.  Competition tends to be low in these extreme environments.  

Moreover, small, prostrate vegetation benefits from protection within the boundary layer, 

which minimizes evaporative losses and wind scour.  Shorter lichens, therefore, are most 

likely to survive in these bare sites.  Although lichen height varies with grazing level, 

some sites likely have shorter lichens due to site conditions.   

Lichen height was also positively correlated with Sphagnum cover (r = 0.66; Fig. 

4.4b).  Over time, Sphagnum mats tend to increase in thickness, and lichens, competing 

for light, react by growing taller. Ahti (1959) further suggested that bog environments 

high in Sphagnum create microclimatic conditions that favor lichen growth.  This 

apparent relationship between lichen height and Sphagnum cover, however, also appears 

unrelated to grazing.  We found Sphagnum cover was consistent across lightly and 

heavily grazed sites (MRPP near Nome; A = -0.03, p = 0.82).  In sum, the strongest linear 

relationships between lichen height and environmental factors, specifically cover of bare 

soil and Sphagnum, both appear independent of grazing.  Regardless of these factors, 

comparison of lichen heights between levels of grazing show that grazing is clearly 

associated with reductions in lichen height.   

Total lichen cover is also often reported to decline with grazing (e.g., Staaland et 

al. 1993; Henry et al. 1995; Kumpula 2001).  Likewise, our results reveal lower total 

lichen cover in heavily grazed areas compared to lightly grazed or ungrazed sites (Table 

4.2).  Lichen cover also had a negative relationship with overall vascular plant cover and 

graminoid cover (r = -0.54 and -0.59, respectively; Fig. 4.4a).  Much research, 

substantiating the foundation for our recovery model following fire, suggests that lichens 

compete, albeit largely unsuccessfully, with vascular plants for space and sunlight (e.g., 

Kershaw 1978; Coxson and Marsh 2001).  Prior research has proposed a positive 

relationship between caribou or reindeer and graminoids (Oksanen 1978; Post and Klein 

1996; Eskelinen and Oksanen 2006).  However, we found no such relationship as both 

total vascular plant and graminoid cover were similar in our heavily and lightly grazed 

plots (Table 4.1).   

The negative relationship (r = -0.54) between cover of lichens and vascular plants 

in our grazing plots contrasts with patterns we identified in our fire plots.  We 
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acknowledge that fire and grazing disturbances greatly differ in type, intensity and 

duration, but suggest that patterns from one can help inform patterns of the other.  

Fluctuations in lichen abundance associated with recovery from fire are not directly 

correlated with vascular plant cover (Fig. 4.3).  Instead, we speculate that relationships 

between these two groups reflect indirect interactions of external factors determining 

distribution rather than direct interactions involving suppression or replacement.  The 

strong negative relationship in our grazed plots may be more likely attributed to differing 

life strategies or environmental tolerances, enabling alternate groups to thrive in 

environments the other can barely survive and vice versa.  Differences in lichen cover 

between the grazing levels, therefore, may be in response to the disturbance itself or 

factors of the local environment, yet not vascular plant abundance. 

Despite some potentially confounding variables, we believe average lichen height 

is the best indication of grazing on the Seward Peninsula.  Lichen height has a larger 

difference, as determined by the A-statistic, than lichen cover in discriminating grazed 

from ungrazed sites (Table 4.1).  While lichen cover has been more frequently used as the 

primary indicator of grazing, few studies have also included lichen height as a surrogate 

measure (e.g., Ahti 1959; Steen 1965).  In summary, we found lichen quantity, as 

measured in total cover and average height, was lower in heavily grazed sites compared 

to lightly or ungrazed sites.   

Lichen quality.  Lichen species richness did not differ between levels of grazing 

on the Seward Peninsula (Table 4.1).  Gilbert (1974) also reported that lichen species 

richness was unaffected by grazing.  Conversely, grazing has been shown to both 

increase and decrease species diversity (Olofsson et al. 2001; Eskelinen and Oksanen 

2006).  Some investigators favor Connell’s (1978) intermediate disturbance hypothesis to 

explain these disparities (Gaare 1995; Suominen and Olofsson 2000; Heggberget et al. 

2002).  They suggest that lichens depend on grazing by these animals to escape 

competition with vascular plants (Helle and Aspi 1983).  Heavy grazing, however, may 

demolish entire lichen communities, and thus the greatest diversity is reached at moderate 

levels of grazing.  Under this hypothesis, an idealized model of lichen richness as a 

function of grazing intensity might then be hump-shaped.  We found a similar pattern 
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mapping lichen species richness against time since fire (Fig. 4.3f).  Fire and grazing 

differ in type, and can differ in intensity and frequency of disturbance, yet the lichen 

community response may follow a similar pattern. 

Lichen species richness increased with rock cover (r = 0.52).  The presence of 

rocks diversifies substrates, which can manifest as increased species diversity.  We also 

found negative correlations of lichen species richness with graminoid cover (r = -0.58), 

Sphagnum cover (r = -0.57) and latitude (r = -0.62).  Latitudinal gradients in species 

diversity have been observed globally in many different organisms (Scheiner and Rey-

Benayas 1994; Austrheim and Eriksson 2001).  This relationship also accords with 

differences in richness between our north sites (averaging 21 species) and south sites 

(averaging 34 species).  Environmental factors other than the level of grazing likely 

influence diversity.   

Successional scores did not differ between grazing levels or between geographic 

areas (Table 4.1).  These scores rely on reported shifts in lichen species composition 

stimulated by disturbances, such as grazing or fire.  A lack of difference indicates that 

lichen species composition was nearly the same regardless of grazing history, that lichen 

species composition differed but both communities included species indicating the same 

successional stage, or that the successional scores do not accurately reflect the 

successional status of one or more areas.  We first compared community structure 

between grazed and ungrazed areas to understand the lack of difference.  If grazing 

produced a compositional shift, community structure would differ between grazed and 

ungrazed sites.  We found minor differences in community structure between grazing 

levels (Table 4.1), which were too small to alter the successional scores despite differing 

grazing histories.  Furthermore, the validity of these scores was supported by the 

expected increase in successional scores with time since disturbance in our fire plots (Fig. 

4.3e).  Therefore, major shifts in species composition associated with grazing may not 

occur on the Seward Peninsula, as they have been reported elsewhere, or perhaps grazing 

has been too sporadic or mild to induce such changes.   

 Although reductions in lichen quantity were associated with grazing, our results 

demonstrate that lichen quality, including lichen community structure and diversity, was 
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unaffected or only minimally influenced by the levels of grazing experienced on the 

Seward Peninsula.  Differences in lichen species richness were attributed not to grazing 

history but rather to latitude.  Overall, grazing does not appear to have greatly altered 

lichen community composition or diversity on the Seward Peninsula, yet reductions in 

lichen height and cover appear to be associated with grazing.   

 

PLOTS OF UNKNOWN GRAZING HISTORY 

The two primary lichen characteristics we found associated with grazing, lichen 

cover and height, were both significantly different between BELA plots, an area of 

unknown grazing history, and the grazed plots to the south (Table 4.1; Fig. 4.2).  Taller 

lichens found within BELA might initially suggest less grazing in the Preserve as 

compared to the remainder of the Seward Peninsula; however, plots within BELA also 

had more Sphagnum cover (Table 4.2).  As stated earlier, lichen height may increase in 

environments high in Sphagnum, independent of grazing (Fig 4.4b).  We also found that 

plots within BELA had lower lichen cover than sites to the south (Table 4.2).  From a 

grazing perspective, reductions in cover may be associated with more frequent, intense or 

recent use.  Yet plots from BELA were also higher in overall vascular plant and 

graminoid cover (Tables 4.1, 4.2), indicating site or climatic differences which may 

manifest as lower lichen cover.  Finally, BELA plots were lower in average lichen 

richness than plots in the southern Seward Peninsula (Tables 4.1, 4.2).  We do not assume 

this reduction reflects severe over- or undergrazing, as proposed by the intermediate 

disturbance hypothesis.  Trends of decreasing diversity with higher latitude observed 

elsewhere may provide a better explanation (e.g., Scheiner and Rey-Benayas 1994; 

Austrheim and Eriksson 2001).  BELA is in the far northern portion of the Peninsula, 

which is consistent with our findings of lichen species richness decreasing with latitude.   

Ordination of grazing and BELA plots combined yielded a three-axis solution in 

NMS that was stronger than expected by chance, based on a randomization test (p = 

0.0040).  The best solution yielded a final stress value of 15.3.  The final instability was 

0.0002 and there were 500 iterations in the final solution.  Cumulatively, these three axes 

represented 81.6% of the community variation (Fig. 4.5). Plots from BELA did not nest 



 
 

 

66

between the heavily and lightly grazed plots, as may be expected if there were a grazing 

continuum with BELA somewhere in the middle.  Instead, BELA plots clearly separated 

away from the grazed plots, which in themselves did not appear to form a clear grazing 

gradient (Fig. 4.5). Separation of BELA plots from the grazed plots to the south may 

reflect differences in locality rather than grazing that manifest as divergent lichen 

community composition.   

Since we know few details of the grazing history in BELA, we cannot attribute 

disparities in lichen characteristics between BELA and southern Seward Peninsula plots 

to grazing.  Our results suggest that BELA is located in an environment more favorable to 

vascular plants and Sphagnum, and lichens grow taller in response.  Furthermore, lichen 

communities in BELA are less prolific and diverse than their southern counterparts, but 

perhaps primarily because of their locality or associated climatic differences.  Such 

climatic influences are evident in other Arctic tundra and heath systems where global 

warming induces declines in lichen biomass and abundance as a function of increased 

abundance of vascular plants (Cornelissen et al. 2001). 

We present a list of the most common lichen taxa, or those occurring in greater 

than 50% of the lightly grazed plots (Table 4.3).  The frequency and abundance of these 

species may serve as a reference or baseline for future comparisons.  In conclusion, the 

Seward Peninsula, including BELA, currently supports diverse and abundant lichen 

communities.  Given rebounding caribou populations, potential interest in revitalizing the 

reindeer industry and the rapid pace of global warming, it is critical to monitor an 

interaction between climate change and grazing.  In the future, experimental studies and 

long-term monitoring are necessary to substantiate patterns and possible changes of the 

lichen communities on the Seward Peninsula.
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Table 4.1:  MRPP results from two comparisons based on geography and two based on grazing status.  The A-
statistic describes within-group homogeneity or the effect size of a difference.  The probability that an observed 
difference in groups is due to chance is listed as p-values. 

 GEOGRAPHIC COMPARISON GRAZING COMPARISON 

 North – South East – West Heavy – Light Nome Heavy – Light South 

SITE HISTORY 

Location1 BELA v. WestSP, EastSP WestSP, EastSP WestSP WestSP, EastSP 

Grazing Status Unknown v. Light-Heavy Light Heavy v. Light Heavy v. Light 

Sample Size2 19 v. 18 7 v. 5 6 v. 5 6 v. 12 

GEOGRAPHY 

Latitude A = 0.57, p < 0.01 A = 0.05, p = 0.21 A = 0.04, p = 0.25 A = 0.05, p = 0.16 

Longitude A = 0.11, p < 0.01 A = 0.71, p < 0.01 A = 0.55, p < 0.01 A = 0.22, p = 0.02 

LICHEN CHARACTERISTICS 

Community Composition A = 0.06, p < 0.01 A = 0.03, p = 0.08 A = 0.03, p = 0.05 A = 0.02, p = 0.03 

Lichen Height A = 0.21, p < 0.01 A = 0.23, p = 0.03 A = 0.62, p < 0.01 A = 0.54, p < 0.01 

Lichen Cover A = 0.11, p = 0.01 A = 0.15, p = 0.06 A = 0.51, p < 0.01 A = 0.16, p = 0.02 

Lichen Richness A = 0.31, p < 0.01 A = 0.05, p = 0.22 A = 0.05, p = 0.22 A < 0.00, p = 0.39 

Successional Scores A = 0.02, p = 0.14 A = -0.01, p = 0.41 A = 0.04, p = 0.27 A = 0.10, p = 0.06 

OTHER VEGETATION 

Total Vascular Plant Cover A = 0.07, p = 0.02 A = 0.27, p = 0.02 A = -0.01, p = 0.40 A = -0.01, p = 0.48 

Graminoid Cover A = 0.11, p = 0.01 A = 0.25, p = 0.02 A = -0.05, p = 0.65 A < 0.00, p = 0.36 

Total Bryophyte Cover A = 0.04, p = 0.08 A = 0.32, p = 0.02 A = -0.05, p = 0.67 A = -0.02, p = 0.53 

Sphagnum Cover A = 0.35, p < 0.01 A = 0.11, p = 0.10 A = -0.03, p = 0.82 A = 0.09, p = 0.07 
1BELA = Bering Land Bridge National Preserve, WestSP = Western Seward Peninsula (Nome area), EastSP = Eastern Seward Peninsula 
2Prior to outlier deletions 
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Table 4.2: Mean values of vegetation characteristics on the Seward Peninsula.  Mean values in original units and 
standard deviation in parentheses.  All values represent calculations prior to outlier deletions. Geographic comparisons 
include east to west (column A to B) and north to south (column D to E).  Comparisons of grazing levels (light to 
heavy) were conducted strictly around the town of Nome in the western Seward Peninsula (column B to C) as well as 
throughout the southern Seward Peninsula, including both the eastern and western plots (column C to D). 
Column  A B C D1 E 

  GRAZING NOME COMPARISON NORTH - SOUTH COMPARISON 

Comparison EAST - WEST COMPARISON GRAZING SOUTH COMPARISON  

Grazing Status Lightly Grazed Lightly Grazed Heavily Grazed Lightly Grazed Unknown 

Location Eastern Seward Pen. West Seward Pen. West Seward Pen. WestSP, EastSP BELA 

Sample Size 7 5 6 12 19 

LICHEN CHARACTERISTICS 

Height (cm) 5.8 (0.5) 7.7 (2.1) 3.2 (0.8) 6.6 (1.6) 8.4 (1.8) 

Lichen Cover (%) 33.6 (21.2) 54.0 (6.5) 22.2 (11.5) 42.1 (19.2) 19.8 (12.2) 
Richness 31.0 (11.3) 37.2 (4.9) 32.8 (4.6) 33.6 (9.4) 21.4 (4.1) 

Successional Scores (1-3) 2.17 (0.11) 2.23 (0.14) 2.28 (0.05) 2.19 (0.12) 2.20 (0.07) 

OTHER VEGETATION 

Vascular Plant Cover (%) 79.0 (15.7) 50.0 (18.5) 62.8 (34.3) 66.9 (22.0) 87.5 (25.2) 

Graminoid Cover (%) 42.1 (18.0) 13.4 (13.0) 17.8 (18.3) 30.2 (21.4) 44.2 (15.5) 

Bryophyte Cover (%) 33.1 (15.5) 7.4 (10.0) 16.0 (21.2) 22.4 (18.5) 16.9 (17.2) 

Sphagnum Cover (%) 17.1 (18.5) 2.4 (5.4) 0.3 (0.8) 11.0 (16.0) 57.7 (34.8) 
1This column represents a combination of the first two columns (seven lightly grazed plots from the Seward Peninsula and 5 lightly grazed 
plots from Nome).  



 
 

 

69

Table 4.3: Lichen species occurring in more than 50% of the 12 lightly grazed plots.  “Freq” is the number of the lightly grazed 
plots in which the species occurred.  The remaining columns indicate the distribution of abundance estimates (rare = <3 thalli, 
uncommon = 4-10 thalli, common = <1% cover, abundant = 1-5% cover, prolific = 6-25% cover and dominant = >26% cover) 
within each of the plots in which it occurs. 
Species Freq rare uncommon common abundant prolific dominant 
Alectoria nigricans (Ach.) Nyl. 9 6 2 1 0 0 0 
Alectoria ochroleuca (Hoffm.) A. Massal. 6 1 3 2 0 0 0 
Asahinea chrysantha (Tuck.) Culb. & C. Culb. 6 1 1 3 1 0 0 
Bryocaulon divergens (Ach.) Kärnefelt 7 1 3 2 1 0 0 
Cetraria cucullata (Bellardi) Ach. 12 0 4 6 2 0 0 
Cetraria islandica (L.) Ach. 6 2 3 0 1 0 0 
Cetraria kamczatica Savicz 6 0 2 3 1 0 0 
Cetraria laevigata Rass. 12 1 2 6 3 0 0 
Cetraria nivalis (L.) Ach. 10 3 2 4 1 0 0 
Cladonia amaurocraea (Flörke) Schaerer 11 1 5 3 2 0 0 
Cladonia bellidiflora (Ach.) Schaerer 7 5 2 0 0 0 0 
Cladonia coccifera (L.) Willd. 8 6 1 1 0 0 0 
Cladonia maxima (Asah.) Ahti 8 1 3 3 1 0 0 
Cladonia subfurcata (Nyl.) Arnold 8 3 4 1 0 0 0 
Cladonia sulphurina (Michaux) Fr. 6 2 4 0 0 0 0 
Cladonia uncialis (L.) F. H. Wigg. 12 3 2 4 2 1 0 
Cladina arbuscula (Wallr.) Hale & Culb./C. mitis (Sandst.) Hustich 12 0 0 4 6 2 0 
Cladina rangiferina (L.) Nyl. 10 0 4 5 0 1 0 
Cladina stellaris (Opiz) Brodo 9 3 0 2 4 0 0 
Cladina stygia (Fr.) Ahti 12 0 1 4 3 4 0 
Lobaria linita (Ach.) Rabenh. 6 2 2 1 1 0 0 
Nephroma arcticum (L.) Torss. 9 3 3 3 0 0 0 
Parmelia omphalodes (L.) Ach. 6 1 3 2 0 0 0 
Sphaerophorus globosus (Hudson) Vainio 9 1 2 5 0 1 0 
Stereocaulon paschale (L.) Hoffm. 7 0 1 3 3 0 0 
Thamnolia subuliformis (Ehrh.) Culb. 7 2 3 2 0 0 0 
Thamnolia vermicularis (Sw.) Ach. ex Schaerer 6 1 4 1 0 0 0 
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Figure 4.1: Schematic of our alternate hypothesis of lichen and vascular plant responses 
to fire.  The null hypothesis suggests that abundance of neither responds to the 
disturbance nor interacts with each other.  An alternative hypothesis, shown above, 
suggests that lichen abundance increases more rapidly than vascular plant abundance, yet 
declines due to suppression and replacement by vascular plants following disturbance.  
Dashed line represents vascular plant abundance and solid line represents lichen 
abundance.  Both hypotheses were rejected. 
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Figure 4.2:  Map of Seward Peninsula, including the Bering Land Bridge National 
Preserve (heavy black outline).  The dashed line in the Alaska inset in the upper right 
corner represents the Arctic Circle.  Grey triangles represent the 19 selected BELA plots, 
black boxes represent the 8 fire plots, and the 18 grazed plots are indicated with black 
circles and pluses (black circles are the 7 lightly grazed plots in the eastern portion of the 
Seward Peninsula and pluses represent the 6 heavily grazed and 5 lightly grazed plots on 
the western Seward Peninsula).  Empty circles indicate nearby towns, including Nome 
and Koyuk.  
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Figure 4.3:  Scatterplots of time since fire (in years since burn) versus (A) total lichen 
cover (raw percent), (B) total bryophyte cover (raw percent), (C) total vascular cover 
(raw percent), (D) average lichen height in centimeters (reflected in seven points due to 
missing data at one site), (E) successional scores, and (F) lichen species richness.  
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Figure 4.4:  Scatterplots of (A) total lichen cover versus graminoid cover and (B) lichen 
height versus Sphagnum cover.  Lichen cover and height, the only lichen characteristics 
that differed between grazing levels, were also strongly related to environmental factors.  
Graminoid and Sphagnum cover, respectively, were the strongest linear relationships to 
these variables.  Black circles represent the 19 BELA plots and 18 grazed plots.  The 
lines represent least-squares regression of these relationships.
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Figure 4.5:  NMS 3-dimensional ordination of 19 BELA plots and 18 grazing plots in 
species space.  BELA plots are shown in empty circles, heavily grazed sites as black 
diamonds, and lightly grazed sites as pluses.  BELA plots clearly cluster separate from 
most of the grazed plots, and do not appear to fit into a grazing gradient between the 
heavily and lightly grazed plots. 
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CHAPTER 5: 
 

EFFICACY OF GIS VARIABLES IN SEPARATING LICHEN 

COMMUNITIES  
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Abstract 

 We used a stratified random sample to estimate macrolichen abundance from 78 

0.38-ha plots within the Bering Land Bridge National Preserve, Alaska.  Our two 

questions of interest were: 1) How well do GIS-derived variables (e.g., vegetation, soils, 

geology, elevation, geography, and physiography) segregate plots based on lichen 

community composition, and 2) How does the ability to distinguish plots by community 

composition vary with the spatial characteristics of each variable, including number of 

patch types, or groups, patch size and spatial correlation?  We evaluated the strength of 

numerous alternative stratifying variables using multi-response permutation procedure 

(MRPP).  We also created groups based on lichen community composition, using cluster 

analyses, and evaluated the relationship between these groups and groupings based on 

GIS-derived variables using Mantel tests.  Results from MRPP and community group 

Mantel tests represent two different measures of community separation, which were then 

evaluated with respect to each variable’s spatial characteristics.  We found that each of 

the 17 GIS grouping variables separated lichen communities to some degree.  Separation 

success ranged from strong (Alaska Subsections, Soil Series, Soil Unit and Surficial 

Geology) to weak (Watersheds and Reindeer Ownership).  Lichen community groups 

derived from cluster analysis demonstrated statistically significant relationships with 13 

of the 17 GIS variables.  The underlying habitat factors, number of patch types and 

average patch size of each variable also contribute to differences in separation success; 

while, geographic distance did not appear to significantly alter separation success.  The 

chance-corrected within group agreement (A-statistic from MRPP) which indicates group 

distinctiveness or strength, increased with more patch types or groups; while congruence 

between the maximum plot separation derived from cluster analysis and the 17 GIS 

variables was inversely related to patch size and spatial correlation. 

 

Introduction 

The relationship between pattern and scale has fascinated ecologists for decades 

(Gustafson 1998; Levin 1992; Wiens 1989; Wu 2004).  Some have tackled this mystery 

with geostatistical tools using point data (e.g., Gustafson 1998; Legendre and Fortin 
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1989; Meisel and Turner 1998), while others have used various indices to characterize 

patch attributes for categorical maps (e.g., Gustafson 1998; Li and Reynolds 1994).  

Within these categorical maps, manipulation of grain and extent has enabled exploration 

of scaling relations with landscape patterns over a range of scales (Wu 2004).  Few 

studies, however, use point data and categorical maps together (Gustafson 1998).   

We hoped to combine detailed point data of lichen community composition with 

categorical maps derived from GIS variables reflecting various aspect of the habitat.  

Although the extent of each GIS variable was consistent across our analyses, the grain 

varied tremendously.  Each GIS variable represents a unique grain of the same landscape, 

differing in patch size, number of patch types and spatial correlation.  We questioned, 

therefore, whether these three attributes of grain confounded our evaluation of how well 

GIS variables segregate plots with respect to lichen community composition.  For 

example, one variable with many small patches may have the same number of patch 

types as another variable with only a few large patches.  Likewise, two variables may 

share the same size patches yet have a different overall number of patch types.  In our 17 

GIS variables, the number of patch types within each variable ranged from 2 up to 23 and 

the average patch sizes varied from 0.006 to 5639 km2 (Table 5.1).  One of our goals was 

to use GIS variables, which differed in grain but not in extent, to explore scaling effects 

on lichen species composition. 

In addition, we also hoped to analyze point data in relation to GIS variables to 

identify potentially useful stratifying variables for future studies.  Stratification has been 

praised as one of the most efficient and precise sampling strategies (Cochran 1977; 

Goedickemeier et al. 1997; Smartt and Grainger 1974).  This method divides a 

heterogeneous population into more homogeneous units that can reduce both types I and 

II error and reduce variance of the estimate (Cochran 1977; Kernan et al. 1999).  

Stratified sampling is pervasive throughout scientific research (e.g., Brus 1994; Jongman 

et al. 2006; Kernan et al. 1999; Olsen et al. 1999).  Within ecology, the advent of 

geographic information systems (GIS) and availability of data online provide essentially 

infinite stratification possibilities.  Stratifying ecological sampling is limited only by 

questions about which, and how many, variables to use.  The choice of stratifying 
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variables, however, often depends on the question of interest, extent of area, and 

availability of datasets (Goedickemeier et al. 1997; Knollová et al. 2005).  But does the 

choice of stratifying variable really matter?  This choice depends on how accurately the 

variables or stratification relate to actual landscape patterns of the response variable 

(Bond and Devine 1991; Brus 1994).  It may also depend on the spatial scaling of the 

strata. 

Our goal was to assess the extent to which alternative GIS-based variables were 

related to patterns of lichen community composition in the arctic tundra.  We had two 

main questions; 1) How well do GIS-derived variables segregate plots based on lichen 

community composition?  2) How does changing a variable’s spatial characteristics 

(including patch size, number of patch types and spatial correlation) affect segregation of 

plots by community composition? 

 

Materials and Methods 

STUDY SITE 

The Bering Land Bridge National Preserve is located on the Seward Peninsula in 

northwestern Alaska (65°14’-66°36’N, 162°44’-167°32’W).  Temperatures of the Seward 

Peninsula (mean July temperatures about 10.6°C) are tempered by the oceanic influence 

of the surrounding Bering and Chukchi seas.  Mean annual precipitation, falling primarily 

in late summer, is 44.4 cm in the town of Nome, in the southwest corner of the Peninsula.  

The bulk of the Preserve comprises moist to wet tussock tundra underlain by continuous 

permafrost alternating with discontinuous permafrost (Van Patten 1990).  Rising south 

from sea level, the Preserve’s southern boundary follows the crest of the Bendeleben 

Mountains to a height of 1040 m elevation.  Adding unique geology to an otherwise 

metamorphic landscape, dolomite outcrops along the east and western boundaries of the 

Preserve, and historic volcanic activity sprinkles the north and central portions of the 

Seward Peninsula (Till and Dumoulin 1994).   

The general vegetation types present in northwestern Alaska are Eriophorum 

tussock tundra, Dryas fell-field, ericaceous-shrub tundra, Eriophorum-Carex wet 

meadow, and solifluction slopes (Viereck et al. 1992).  Common shrubs consist of Salix 
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spp., Betula glandulosa and Alnus crispa.  The herb layer contains mixed Eriophorum 

spp. and Carex spp., Vaccinium spp., Arctostaphylos spp., Empetrum nigrum, Cassiope 

tetragona, Ledum palustre var. decumbens and Rubus chamaemorus.  The dominant 

mosses are Sphagnum spp. and Hylocomium splendens.  The lichen flora is dominated by 

species of Cladina, Cladonia, Cetraria, Peltigera and Stereocaulon. 

 

SAMPLING 

We used a two-way stratified random sample.  One of our stratifying variables 

was GIS land cover data (Markon and Wesser 1997).  Cover types were formulated from 

classified Landsat data, which reflect the spectral response of the Earth’s surface 

including vascular plants, bryophytes, rock, water, lichens, etc.  Land cover types 

discriminated lichen-poor from lichen-dominated areas within the Preserve.  A pilot study 

indicated that four of the ten Landsat-based cover types had a minimum average lichen 

cover of 10%.  These four cover types were the only strata we sampled further.  

Geographic blocks were the other stratifying variable, used to balance sampling across 

the area of interest.  The central portion of the Preserve, where we focused our sampling, 

was divided into approximately twenty-one roughly equal-area geographic blocks.  The 

blocks were each approximately 400 km2.  Within each geographic block, we aimed to 

randomly sample one plot from each of the four cover types.  Two of the four cover types 

were present in every block, whereas the other two were completely absent from some 

blocks.  Therefore only 65 strata or possible combinations of the two variables, instead of 

the expected 84, occurred.  To avoid an unbalanced sample, the two infrequent cover 

types were sampled twice in 13 blocks.  In total, data from 78 plots within a total of 65 

strata from two stratifying variables were collected.  

Sample units were circular fixed-area plots with a 34.7-meter radius.  Each 

species encountered was assigned an abundance value: 1 = rare (<3 thalli), 2 = 

uncommon (4-10 thalli), 3 = common (<1% cover), 4 = abundant (1-5% cover), 5 = 

prolific (6-25% cover) and 6 = dominant (>26% cover).  GIS datasets provided a range of 

alternative stratifying variables reflecting vegetation, soils, geology, elevation, 

geography, and physiography at various scales with a fixed extent (Table 5.1).  These 
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data were obtained from the National Park Service Alaska GIS Data Clearinghouse 

(http://www.nps.gov/akso/gis/), Jorgenson et al. (2004), and Alaska Geobotany Center 

(http://www.geobotany.uaf.edu/). 

Lichen determinations were primarily based on Thomson (1984), Goward et al. 

(1994), and Goward (1999).  We used thin layer chromatography for identification of 

some Bryoria, Cladonia, Hypogymnia and Stereocaulon.  All Cladonia identifications 

were based on voucher specimens with podetia, and strictly sqamulose thalli were not 

recorded.  Specimens from the Cladonia phyllophora and C. cervicornis groups were 

identified using Brodo and Ahti (1995).  For ease in the field, we estimated cover of 

Cladina mitis and C. arbuscula, isomorphs which require separation with spot tests using 

paraphenylenediamine, as a single lumped species and combined their cover values into a 

single variable (Cladina mitis/arbuscula).  UV light distinguished the two chemical 

species of Thamnolia, which were also collected from every site at which they occurred.  

Vouchers are deposited at Oregon State University Herbarium (OSC) and the National 

Park Service Herbarium in Anchorage, Alaska.   

 

ANALYSES 

We first determined if any plots were multivariate outliers by comparing average 

community distances between plots.  One of the 78 plots, Plot 5P, had average Sørensen 

distance of 3.7 standard deviations from the grand mean of all distances.  This plot was 

an outlier because its total lichen cover (2.5%) and richness (13 species) was far lower 

than the average (26.4% and 24.3 species).  Plot 5P was, therefore, removed from all 

analyses.  Otherwise, modifications to the community matrix were minimal.  The coarse, 

approximately logarithmic, cover class scale alleviated the need for further 

transformation.   

We used two methods to evaluate efficacy of GIS variables in separating lichen 

communities.  One method evaluated separation success using unreduced community 

data, or complete species abundances from all 77 plots.  The second method, 

alternatively, used a reduced form of the same community data (groupings based on 

community composition).  For our first method of evaluating separation success using 
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unreduced data, we compared GIS-based groupings of plots to actual community 

composition of each plot.  We measured group distinctness, or separation success for 

each individual GIS variable, using multi-response permutation procedure (MRPP; 

Mielke 1984).  MRPP is a non-parametric technique which compares within-group 

homogeneity of a priori groupings to random expectation.  Compositional dissimilarity, 

measured as Sørensen distance, was averaged within each group then pooled across all 

groups.  Statistical significance of these groupings is evaluated with a permutation test (p-

value), and the strength or distinctness of each group was evaluated by an A-statistic, the 

chance-corrected within-group homogeneity.  A = 1 indicates perfectly homogenous 

groups, while A = 0 indicates within-group heterogeneity equal to chance expectation.   

For the second method of separation success based on a reduced dataset, we 

compared GIS-based groupings to groupings that represent a data reduction of 

community composition itself.  The community-based grouping to which we compared 

each GIS variable was constructed using one-way hierarchical agglomerative cluster 

analyses in PC-ORD 5 (McCune and Mefford 2005).  Plots were combined into groups 

based on compositional dissimilarity, measured as Sørensen distance.  We used flexible 

beta (β = -0.25) as the linkage method.   

To compare our groupings from cluster analysis to groupings from each GIS 

variable, we used Mantel tests (Mantel 1967) of two symmetrical square matrices of 

binary values.  Matrix Y represented differences in cluster groupings.  Each element was 

a binary value indicating whether two plots occurred in the same cluster (yij = 0) or were 

members of different cluster-based groups (yij = 1).  Accordingly, we created 17 X 

matrices, one for each GIS variable, of 77 plots by 77 plots.  Again, each element 

indicated when two plots occurred within the same GIS patch type (xij = 0) or different 

patch types (xij = 1).  The diagonals of all matrices held zeros.  We then used the 

standardized Mantel statistic (r) as a measure of congruence, or agreement of group or 

patch type assignment, between the single Y matrix and each X matrix. 

 We also used partial Mantel tests, which controlled for geographic distance 

between plots, to further understand the results from the community group Mantel test 

described above.  Congruence was estimated between the single Y cluster-based matrix 
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and each 17 GIS X matrices noted above, while accounting for the linear correlation of a 

third matrix, a 77 plot by 77 plot geographic distance matrix, Z.  Partial Mantel tests were 

calculated with the method of Smouse et al. (1986) as described by Legendre and 

Legendre (1998, p. 558). 

Finally, we explored the influence of spatial characteristics on each GIS variable’s 

ability to separate plots by lichen community patterns.  We used three spatial 

characteristics; average patch size, total number of unique patch types, and spatial 

correlation.  Patch size and number of patch types were calculated in a GIS.  The spatial 

correlation was another set of Mantel tests comparing the geographic distance between 

plots to group or patch type assignments determined by each variable.  Matrix Z, a 77 by 

77 geographic distance matrix (in meters), was then compared to 18 X matrices (i.e., 17 

GIS-based Xs and one cluster-based X, all described above).  The congruence 

(standardized Mantel statistic, r) between the geographic matrix Z and each X matrix 

represented our spatial correlation. 

We then sought relationships between these three spatial characteristics (patch 

size, number of patch types and spatial correlation) and our two measures of plot 

separation by lichen community patterns (MRPP of unreduced community data and 

community Mantel tests between community-based groups and each GIS variable).  We 

evaluated both linear and non-linear relationships between spatial characteristics and 

measures of separation, but found linear relationships to suffice.   

 

Results and Discussion 

SEPARATION USING UNREDUCED COMMUNITY DATA 

We expected that GIS variables based on habitat and landscape variables would 

create the strongest groups to best separate macrolichen species composition.  We found, 

indeed, that all 17 GIS variables separated lichen communities using unreduced 

community data more strongly than by chance alone (Table 5.2).  However, the effect 

size of this difference, or the A-statistic, showed some grouping variables were much 

stronger than others.  The largest A-statistic was 0.21 for Alaska Subsections.  Other 

variables with high A-statistics included groups derived from cluster analysis, the two 
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soils variables and surficial geology (Table 5.2).  The two variables used in our sampling 

stratification, however, cover types and geographic blocks, showed only mid-range A-

statistics (A = 0.11 and 0.12, respectively).   

 

SEPARATION USING REDUCED COMMUNITY GROUP DATA 

Using cluster analysis, we derived several different groupings to separate our 

plots based strictly on lichen community composition.  We pruned the lichen community 

dendrogram, from 77 plots, to include 20 and higher-level groupings.  We chose three as 

the optimal number of groups (called lichen community groups through the remainder of 

the paper and in Holt et al. 2007b).  This solution was chosen here because only minor 

increases in the A-statistic in MRPP resulted from solutions with more than three groups 

and to be consistent with Holt et al. 2007b (Fig. 5.1a).   

As a simplification of compositional relationships among plots, these lichen 

community groups represent an optimal grouping, at the 3-group level.  We found that 13 

of the 17 GIS grouping variables were significantly related to these lichen community 

groups, or successfully separated plots by reduced community groups (Table 5.2).  The 

strength of these relationships, however, was only moderate to weak (community group 

Mantel’s r ≤ 0.28).  The strongest congruence involved variables representing remotely-

sensed vegetation layers (e.g., Aggregate Ecological Types, Map Ecological Types, Map 

Vegetation Types and Cover Types).  Alternatively, variables as weak as or weaker than 

randomizations of one of the matrices included Reindeer Owner, Ecoregions, Alaska 

Sections and Watersheds—all coarse groupings reflecting broad landscape patterns less 

strongly related to vegetation. 

 

SPATIAL CHARACTERISTICS 

We found varying relationships between our three spatial characteristics (number 

of patch types, patch size and spatial correlation) and two measures of plot separation 

(MRPP of unreduced community data and community group Mantel tests).  First, spatial 

correlation was negatively related to both measures of separation success (Fig. 5.2).  We 

found variables with low spatial correlation strongly separated plots by general lichen 
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community patterns present in the reduced community groups (r = -0.95 of spatial 

correlation and community group Mantel’s r; Fig. 5.2a).  Albeit a weaker relationship, 

low spatial correlation also related to high separation success with the unreduced 

community dataset (r = -0.45 of spatial correlation and A-statistics; Fig. 5.2b).  Removal 

of the four GIS variables with the smallest average patch sizes, all remotely-sensed data, 

however, markedly strengthened this correlation (r = -0.72). 

These indirect relationships suggest that our sample of lichen community 

patterning is relatively spatial independent, contrary to the generality of autocorrelation 

often advocated in ecological literature (e.g., Legendre and Fortin 1989; Legendre 1993).  

To further support these findings, we found that partial Mantel tests, factoring out 

geographic distance, differed only slightly from the regular Mantel tests (Table 5.2).  

Spatial proximity, therefore, contributed little or nothing to our ability to separate lichen 

communities.  Furthermore, we found spatial correlation was strongly correlated to 

average patch size (r = 0.88) and may primarily reflect this spatial attribute. 

Our second spatial characteristic, the number of patch types appeared to influence 

separation success of plots by lichen community composition.  Although we found no 

obvious relationship between number of patch types and separation success with the 

reduced community groups (community group Mantel’s r = 0.12); variables with more 

groups, or patch types, tended to have greater separation success with unreduced 

community data (higher A-statistics; Fig. 5.1).  Similarly, Goedickemeier et al. (1997) 

found reduced efficiency with stratified sampling when their number of strata was low.  

One of the outlying variables with a low A-statistic, yet many patch types, was 

geographic blocks.  When we varied the number of groups (by aggregating neighboring 

geographic blocks at varying scales), the positive relationship between number of patch 

types and A-statistics emerged again (Fig. 5.1a). Thus the varying levels of separation 

success of unreduced data noted above (measured by A-statistics) reflects not only 

geologic or soil properties to which lichens respond, but also the number of groups used 

to divide the Preserve.   

 Average patch size, our third and final spatial characteristic, was also related to 

coarse patterns in lichen community composition.  We found a strong negative 
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relationship between community Mantel correlation statistics, relating lichen community 

types to the 17 GIS grouping variables, and patch size (r = -0.89; Fig. 5.3a). Variables 

with smaller patches tended to have stronger correlations with the three lichen 

community groups formed from cluster analysis.  Turner et al. (1989) reported a similar 

loss of information with increasing grain size.  We suggest this relationship in our 

analyses is due to two factors.  First, implicit in small patch sizes is interspersion of 

different patch types, which reduces landscape contiguity.  If we could map our lichen 

community groups, they would divide the Preserve not into three large contiguous 

patches, but rather many smaller discontinuous pieces of the three groups.  The second 

factor that contributes to this negative relationship is the size of our sampling unit.  Our 

plots were just slightly smaller than the average patch size of the four variables with the 

greatest congruence to the lichen community groups.  Although we found a strong 

relationship of patch size with community group Mantel’s r, we found no apparent 

pattern between average patch size and A-statistics, or the strength of each grouping (r = 

-0.17, with log transformed patch size; Fig. 5.3b).   

 This relationship between patch size and grouping strength based on unreduced 

community data (i.e., A-statistic) would be more strongly negative (r = -0.49) if the same 

four remotely-sensed data noted above were deleted.  These remotely-sensed variables 

performed better than all others when compared to the reduced community data (see four 

highest data points in Fig. 5.3a), yet only moderately well when compared to the 

unreduced dataset (Fig. 5.3b).  Unusually large community group Mantel’s correlations 

of three of the four remotely-sensed variables resulted from 38% of the plots sharing one 

patch type (Upland Dwarf Birch-Tussock Tundra from Aggregate Ecological Types, 

Upland Moist Dwarf Birch-Tussock Shrub from Map Ecological Types and Low Mixed 

Shrub-Tussock Tundra from Map Vegetation Types) with a single lichen community 

group (Lowland Group; see Holt et al. 2007b).  This same lichen community group was 

also highly shared with two patch types from the fourth remotely-sensed variable, Cover 

Types (23 % with Mesic Dry Herbaceous and 21% with Open Low Shrub; see Holt et al. 

2007b).  Heterogeneity within this lichen community group, however, may have 
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diminished the separating power of these remotely-sensed variables with the unreduced 

data; hence, these four variables achieved only moderate A-statistics. 

   

USE AS STRATIFYING VARIABLES 

The relationship between number of GIS-based patch types and separation of 

communities provides a basis for evaluating potential stratification principles to suit a 

budget, timeline or landscape area.  The non-linear regression of A-statistics from 20 and 

higher-level groupings from cluster analysis represents target values for success of 

separating lichen community composition by other variables, at various numbers of patch 

types (y = 0.345 – 0.202e-0.188 (x - 2); Fig. 5.1a).  Separation success of other variables can 

then be evaluated relative to this curve or family of curves (Fig. 5.1b).  Shaded bands 

show degrees of reduction from this target level of success.  The only GIS variable 

included in the most successful band, the lightest color, was Alaska Subsections.  The 

exceptional success of this variable is partly due to its large number of groups yet 

moderate average patch size.  Alaska Sections, a more highly aggregated variable based 

on the same habitat information, however, was far less successful at separating plots by 

lichen community composition.  Alaska Subsections, therefore, effectively balances 

complexity and simplicity to best capture fine-scale patterns in lichen community 

composition. 

The next darker band, indicating variables moderately successful in 

discriminating lichen communities, includes over half the GIS variables (Fig. 5.1b).  

Within this band, Cover Type had a moderately high A-statistic—suggesting its adequacy 

in segregating lichen communities and justifying its use for our stratification.  The 

Geographic Block variable used in our stratification also performed moderately well (Fig. 

5.1b).  As the only variable with arbitrary geographic boundaries and no ecological 

inputs, its low to moderate success in discriminating lichen communities was expected.  

Geographic blocks are, however, useful in providing equal representation from all parts 

of the study area.  The four variables included in the weak success band, the darkest 

band, had few patch types.  Among these four, Watersheds and Reindeer Ownership 

reflected minimal ecological information, thus their poor success was anticipated.  Future 
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lichen work in the Bering Land Bridge National Preserve or neighboring areas may 

benefit by using the Alaska Subsection, Surficial Geology, or Soil Series variables as 

sampling stratifications.   

 

OTHER APPLICATIONS 

 Our study not only provides suggestions specifically for future lichen sampling in 

northwestern Alaska, but also provides insight into stratified sampling as a general 

ecological practice.  As has been suggested by others (e.g., Ferrier and Smith 1990, 

Goedickemeier et al. 1997; Jenerette and Wu 2000), GIS is a vital tool for ecological 

survey design.  Furthermore, we found that each the variables we used, regardless of 

ecological relevance, better related to lichen community composition than did random 

groupings (Table 5.2).  These GIS variables, however, varied in their ability to separate 

lichen communities.  Some of the variables that best distinguished lichen communities 

related to substrate (e.g., Surficial Geology, Soil Units and Soil Series). 

 In addition to considering underlying habitat factors, stratifying variables should 

also be evaluated based the number of patch types and patch size.  Although we found a 

positive relationship between degree of community separation and number of groups; 

sampling across a large number of strata can be logistically difficult, time-consuming and 

potentially expensive.  We therefore recommend future studies use stratifying variables 

that balance the largest number of patch types while maintaining high landscape 

contiguity through moderately sized patches.  Furthermore, GIS variables with smaller 

patch sizes tended to more closely resemble our ideal stratification, lichen community 

groups.  In sum, the grain of a variable, including both number of patch types and patch 

size, can influence pattern detection and in turn can impact sampling efficiency (Wiens 

1989).
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Table 5.1: Descriptions of 17 GIS grouping variables 
GIS Variable Description Source No. groups1 Patch size2 

Aggregate Ecological 
Types 

Aggregation of Map Ecological Types variable based on 
vegetation, hydrology and topography 

Jorgenson et al. 2004 5 (5) 0.006 

Alaska Ecosystems Adapted from 1973 map of "Major Ecosystems of Alaska,"  
based on regional distribution of vegetation in relation to 
topography, climate, and hydrology 

NPS Alaska3 4 (5) 303.3 

Alaska Sections Division of Ecoregions variable based on terrain and location NPS Alaska 7 (7) 1025 
Alaska Subsections Division of AK Sections variable (further division of 

Ecoregions) based on locality 
NPS Alaska 13 (15) 375.9 

Cover Types Landsat satellite imagery  Markon and Wesser 1997 4 (10) 0.007 
Ecoregions Ecological regions of synthesis of geographic distribution of 

climate, terrain, soils and vegetation  
NPS Alaska 2 (2) 5639.1 

Elevation  Bands of 250-ft increments based on 60-meter National 
Elevation Dataset (NED) derived from USGS 30-meter DEMs 

NPS Alaska 8 (10) NA 

Geographic Blocks Grid cells lumped together to form roughly equal area blocks in 
all areas of the Preserve 

Author-created  20 (21) 434.4 

Map Ecological Types Local-scale ecosystems derived from physiography, geology, 
topography and satellite imagery 

Jorgenson et al. 2004 10 (11) 0.007 

Map Vegetation Types Aggregation of Map Ecological Types variable based on soils, 
topography and locality 

Jorgenson et al. 2004 7 (7) 0.006 

Physiography Division of Ecoregions variable based on terrain NPS Alaska 8 (9) 1025.3 
Reindeer Owner Regions of Seward Peninsula separated by reindeer permit NPS Alaska 3 (5) 395.9 
Soil Series Soils map at series-level of classification NPS Alaska 10 (10) 216.7 
Soil Units Soils map and unit-level of classification NPS Alaska 10 (23) 80.38 
Surficial Geology Digital rendering of two USGS maps (Misc. Geologic 

Investigations (West) I-357 and Miscellaneous Geological 
Investigations (East) I-357)  

NPS Alaska 8 (8)  22.84 

UAF Vegetation Landsat satellite imagery Alaska Geobotany Center 8 (8) 496.2 
Watersheds Watershed boundaries delineated by Hydrologic Unit Codes 

(HUC)  
NPS Alaska 4 (4) 779.3 

1Number of groups containing more than one plot, and number in parentheses is the original number of groups in the sampled portion of the Preserve. 
2Average patch size of all groups per stratum (km2). 
3NPS Alaska = National Park Service Alaska GIS Data Clearinghouse 
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Table 5.2:  Results from MRPP analyses (evaluating differences in lichen community composition among grouping 
variables), spatial correlation (testing congruence of geographic distances and patch type or group assignment), community 
group Mantel tests (testing congruence of groups from 17 GIS variables to groupings from cluster analysis), and community 
group Mantel tests controlling for geography (testing congruence of groups from 17 GIS variables to groupings from cluster 
analysis controlling for geographic distance between plots). 

  MRPP  Spatial Correlation  Lichen Community Groups 
 

Grouping Variable 
  

A 
  

Mantel’s r
 

p 
  

Mantel’s r
 

p 
Partial 

Mantel’s r
 

p 
Lichen Community Groups2  0.19  0.03 0.17  NA NA NA NA 

GIS Grouping Variables           

Aggregate Ecological Types  0.08  ~ 0.00 0.38  0.28 < 0.01 0.28 < 0.01 

Alaska Ecosystems  0.05  0.28 < 0.01  0.08 0.02 0.07 0.03 

Alaska Sections  0.10  0.39 < 0.01  ~ 0.00 0.55 -0.02 0.32 

Alaska Subsections  0.21  0.29 < 0.01  0.16 < 0.01 0.15 < 0.01 

Cover Types  0.11  0.04 0.04  0.24 < 0.01 0.24 < 0.01 

Ecoregions  0.04  0.52 < 0.01  -0.03 0.23 -0.06 0.02 

Elevation  0.09  0.21 < 0.01  0.13 < 0.01 0.12 < 0.01 

Geographic Blocks  0.12  0.30 < 0.01  0.07 < 0.01 0.06 < 0.01 

Map Ecological Types  0.13  ~ 0.00 0.50  0.26 < 0.01 0.26 < 0.01 

Map Vegetation Types  0.10  -0.01 0.42  0.26 < 0.01 0.26 < 0.01 

Physiography  0.12  0.28 < 0.01  0.07 0.02 0.07 0.02 
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Table 5.2 (Continued.) 

  MRPP  Spatial Correlation  Lichen Community Groups 
 

Grouping Variable 
  

A 
  

Mantel’s r
 

p 
  

Mantel’s r
 

p 
Partial 

Mantel’s r
 

p 
GIS Grouping Variable, Cont.           

Reindeer Owner  0.02  0.58 < 0.01  -0.04 0.14 -0.07 < 0.01 

Soil Series  0.15  0.20 < 0.01  0.08 0.01 0.08 0.01 

Soil Units  0.15  0.28 < 0.01  0.07 0.01 0.07 0.01 

Surficial Geology  0.15  0.20 < 0.01  0.19 < 0.01 0.19 < 0.01 

UAF Vegetation  0.12  0.22 < 0.01  0.14 < 0.01 0.13 < 0.01 

Watersheds  0.02  0.39 < 0.01  ~ 0.00 0.56 -0.02 0.30 
1All comparisons among groups using MRPP had p < 0.005 
2Three-group solution derived from cluster analysis 
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Figure 5.1 (next page): Scatterplot of number of patch types or groups and A-statistics.  
A-statistics tend to increase with more groups or patch types.  This relationship is evident 
with (A) two hierarchical variables (lichen community types and geographic blocks) and 
(B) all 17 GIS variables and the lichen community groups.  In the top panel (A), black 
triangles represent the geographic blocks variable (original variable contained 21 patch 
types), which were aggregated to form fewer groups.  The black circles depict 20 and 
higher-level groupings derived from cluster analysis of the unreduced data.  Grey line 
represents non-linear regression of these points (y = 0.345 – 0.202e-0.188 (x - 2)).  Since this 
line is derived directly from lichen community composition, this line is the maximum 
achievable A-statistic at each given number of groups or patch types.  We selected three 
as the optimal number of groups—noted as lichen community groups—because all larger 
groupings resulted in only minor increases in the A-statistic.  In the bottom panel (B), the 
uppermost line represents the same non-linear regression from (A), while the other lines 
represent families of this curve.  The shaded banding between these curves corresponds 
to levels of success (weak, medium, strong), assessed by the ability to maximize the A-
statistic while maintaining a manageable number of groups, the lightest being the optimal 
level. 
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Figure 5.1. 
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Figure 5.2: Scatterplots of spatial correlation against separation success of (A) reduced 
community groups (community Mantel’s r from comparisons of the seventeen GIS 
variables to the lichen community groups) and (B) unreduced community data (A-statistic 
from MRPP comparing lichen community composition among patch types).  Both 
measures of separation success demonstrated negative relationships with spatial 
correlations (r = -0.95 community Mantel’s r and spatial correlation and r = -0.45, A-
statistics and spatial correlation).  The latter relationship would strengthen following 
deletion of the four remotely-sensed variables (circled in black; r = -0.72). 
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Figure 5.3: Scatterplots of average patch size against separation success of (A) reduced 
community groups (community Mantel’s r from comparisons of the seventeen GIS 
variables to the lichen community groups) and (B) unreduced community data (A-statistic 
from MRPP comparing lichen community composition among patch types).  A general 
negative relationship (r = -0.89) between community Mantel’s r and patch size 
demonstrates that fine-grained variation in community composition is not captured by 
coarse-grained patch characteristics.  Alternatively, there appears to be little to no 
relationship between A-statistics and patch size (r = -0.17), unless the four remotely-
sensed vegetation variables (circled in black) were deleted (r = -0.49).   
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CHAPTER 6: CONCLUSIONS 

 

 Prior to my work, little research had extensively studied macrolichen 

communities of northwestern Alaska.  This dissertation provides a significant 

contribution towards understanding which lichens occur in these remote tundra 

environments and why.  The inventory itself provides valuable information to serve as a 

biodiversity baseline for comparisons with future assessments.  Inevitable land use and 

climatic changes will alter these tundra ecosystems and the lichen communities within 

them.  Furthermore, identification of primary gradients associated with these dominant 

communities may aid managers and local communities in monitoring the viability of one 

of America’s last wild places. 

 In the more immediate future, results from my dissertation may help to guide 

management decisions with respect to reindeer grazing and range rotation.  Despite a 

century of active reindeer husbandry on the Seward Peninsula, most grazing research in 

the Arctic has been conducted in northern Europe and Greenland.  Findings from these 

areas, however, can be misleading for applications in North America where managed 

herding practices are relatively nascent.  At the time of this writing, reindeer herding on 

the Seward Peninsula appears to be greatly reduced compared to historic levels.  Results 

from Chapter 4 may exhibit the benefits of fewer animals on the landscape, or 

alternatively may reflect the lasting effects of past heavy grazing.  Regardless, I hope my 

work reiterates the negative aspects of over-utilization, yet informs managers that grazing 

on the Seward Peninsula (both current levels and historic legacies) does not seem to 

hinder lush and speciose lichen communities present today. 

 In preparation for my grazing study, I amassed a wealth of literature describing 

terricolous lichen responses to disturbance.  My approach in Chapter 2, however, 

provides a much needed compilation of these works.  In addition, my methodology 

allows other researchers to calculate successional estimates previously unavailable in 

these Arctic ecosystems.  This metric underscores the importance of lichens to the 

community as a whole. 
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 Finally, Chapter 5 provided a new lens into scaling issues ecologists have 

struggled with for decades.  Through grain manipulations, I discovered that both the 

underlying relationships of lichen species composition to habitat factors and number of 

patch types determine a variable’s success in segregating lichen communities.  Moreover, 

I identified several readily accessible GIS variables that would provide strong sampling 

stratifications for future lichens studies in the Bering Land Bridge National Preserve and 

surrounding area. 
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