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ABSTRACT 

Competitive dynamics within lichen communities are variable depending on the 
environment. To successfully compete with potential competitors, different lichen 
species utilize unique competitive strategies. Many of the strategies used by lichen are 
interference mechanisms which directly inhibit the growth of nearby individuals. To 
determine the importance of interspecific competition for habitat space among lichens in 
subalpine environments, we investigated the distribution and interactions of L. 
atrobrunnea, Rhizoplaca sp. and X. elegans in the White Mountains of California. We also 
observed which interference mechanisms these lichens were using to gain an advantage 
over other species. Interference competition was found to contribute to a transitive 
hierarchy between the lichens in the community. While competing for the least stressful 
habitats, different competitive strategies were used by the species studied. 
 
Keywords: lichen, saxicolous, interference competition, transitive hierarchy 

 
INTRODUCTION  

Competition between species is often a 
dominating factor in determining 
community structure and dynamics 
(Armstrong and Welch 2007). There are 
different modes of competition that can be 
observed within communities; two of these 
modes are scramble competition and 
interference competition. In scramble 
competition, several species compete for a 
limited resource, where the first species to 
reach that resource controls it (Chapman 
1990). One example of scramble 
competition is how frugivorous primates will 
compete for patches of fruit and will 
distribute into subgroups to most efficiently 
control these food resources (Chapman 

1990). Interference competition occurs 
when one species directly inhibits the 
growth of another (Boynton 2019). Some 
yeast communities exhibit interference 
competition, where killer yeasts will release 
toxins that inhibit other nearby sensitive 
yeasts (Boynton 2019).  

Moreover, when comparing competitive 
dynamics between species, there are three 
potential hierarchal interactions that may 
occur: the transitive hierarchy, the 
intransitive network, and competitive 
equivalence (Gilpin 1975). In a transitive 
hierarchy, species A outcompetes species B, 
and both outcompete species C. Transitive 
hierarchies have been witnessed in invasive 
grass communities, where different species 
show a clear hierarchical structure from the 
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most established to least established 
(Barthram et al. 2002). An intransitive 
network occurs when species A 
outcompetes B, species B outcompetes C, 
and species C outcompetes A. For example, 
intransitive networks have been seen 
regarding sexual selection in common side-
blotched lizards, where orange-throated 
males outcompete blue-throated males, 
blue-throated males outcompete yellow-
throated males, and yellow-throated males 
outcompete orange-throated males (Sinervo 
et al. 2000). When the species do not 
strongly differ in competitive ability and 
there is no single dominate species, there is 
competitive equivalence. Competitive 
equivalence has been observed in sessile 
plant communities, where each species 
exhibits similar levels of growth and spread 
relative to one another, and species 
interactions did not have a competitive 
effect (Goldberg and Werner 1983).  

A diverse group of organisms that can be 
used to study competitive effects on 
community structure is lichens. Many 
lichens grow in environments where they 
experience extreme temperatures, minimal 
moisture, and low nutrient supply 
(Armstrong and Welch 2007). Often, lichens 
living in such harsh environments will try to 
limit competition amongst themselves, 
preferring instead to devote resources stress 
resistance (Farrar 1973). However, some 
experimental studies suggest that the 
composition of lichen communities is at least 
partially determined by competition 
between species (Armstrong and Welch 
2007). The primary resource which lichens 
compete for is space; space on a substrate is 
largely important to lichen growth as it 
provides access to light, water, and room for 
growth (Harris 1996).  

There are multiple lichen competitive 
mechanisms that vary between species, 
many of which are examples of interference 
competition. One such mechanism is seen in 
some foliose lichens, which stretch their 
thalli over other nearby lichens to 
outcompete them for space (Harris 1996). 
Some lichens compete by growing directly 
on top of other lichens, while others 
compete by growing beneath and 
undermining other species (Armstrong and 
Welch 2007). Even poor competitors can 
have unique competitive strategies, such as 
growing in “windows” of stronger 
competitors where the stronger competitors 
are the weakest (Armstrong and Welch 
2007). Certain lichens do not compete 
through overgrowth but instead produce 
allelochemicals, which are acidic, toxic 
chemicals that are detrimental to the algal 
growth of other nearby lichen species 
(Lokajová et al. 2014). A “truce” condition is 
another possible outcome of competition 
between lichens, where neither species 
infringes on the growth of the other 
(Pentecost 1980).  

Our study aimed to explore which 
competitive mechanisms would be present 
in saxicolous lichens (rock-growing lichens) 
in the White Mountains of California and 
which hierarchical structure they would 
form. To answer this question, we compared 
the distributions and interactions of three 
species commonly found in subalpine areas: 
Lecidea atrobrunnea, Rhizoplaca sp., and 
Xanthoria elegans. L. atrobunnea, also 
known as brown tile lichen, is a crustose 
lichen, while Rhizoplaca sp. (commonly 
called rock-posy lichen) and X. elegans 
(known as elegant sunburst lichen) are both 
foliose lichens. The species for Rhizoplaca 
was not certain because we did not have the 
chemical tests needed for exact 
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identification. The specific competitive 
mechanisms we looked for in these three 
species were the rates at which they grew on 
top of one another and their acidity, both of 
which could be used as interference 
mechanisms by the lichens. 

METHODS 

2.1 Study Site 

Research was conducted at the Crooked 
Creek Station of the White Mountain 
Research Center in Bishop, California 
(37˚29’57”N / 118˚10’19”W) from August 3–
6, 2021. The Crooked Creek Station is 
located in a subalpine environment 
surrounded by Pinus longaeva and Pinus 
flexilis forest at ~3,090 m in elevation. The 
local geology is dominated by granite, 
dolomite, and quartzite rocks. Prevailing 
winds come from southeast, southwest, and 
west of the area. Average temperatures 
range from around 23˚C in the summer to 
below -15˚C in the winter. 

2.2 Study Design 

To examine lichen species composition 
and interactions, we laid out nine 30 meter 
transects in random locations near Crooked 
Creek Station, where we sampled the 
nearest rock lying perpendicular to the 
transect in five-meter intervals, from zero to 
thirty meters (Fig. 1). We alternated 
surveying the left versus the right side of the 
transect between sites. We also separately 
sought out rocks with significant amounts of 
X. elegans to get more community 
interactions (Fig. 1). We only sampled rocks 
whose longest face was between 1 and 2 
meters. For each rock, we sampled each rock 
face that was larger than 400 cm2 and 
recorded its cardinal or ordinal direction (we 

recorded the face as “top” if it was oriented 
towards the sky or “bottom” if the rock face 
was underneath a sharp overhang). For each 
face, we recorded each instance of one 
lichen species overtopping another. We also 
measured the cover of our three lichen 
species of interest using a 20x20 cm quadrat, 
which was placed at the center of the rock 
face.  

 

Figure 1. Map of Crooked Creek Station at White 
Mountain Research Center (37˚29’57”N / 
118˚10’19”W). The first nine sites are where transects 
were used are labeled with a red x. The last two sites 
where rocks with high amounts of Xanthoria elegans 
were sought out are labeled with a white x. 

To measure the pH of each lichen, we 
collected Lecidea atrobrunnea, Rhizoplaca 
sp., and Xanthoria elegans lichens from rock 
faces near the Crooked Creek Station by 
scraping them off rock faces using a scalpel 
and storing them in paper bags. We then 
crushed all our samples into a fine powder 
and weight out 4 g of each species. The four 
grams of crushed lichen were stirred into 
with 20 mL of boiling water for 30 seconds, 
and then were left to steep for ten minutes. 
We then used a pHep® handheld waterproof 
pH indicator by HANNA to measure the pH of 
each of our solutions, waiting five minutes 
for each measurement to stabilize. 
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2.3 Data Analysis 

All statistical analyses were conducted 
using JMP statistical software v14. We 
binned rock faces labeled as bottom, south, 
southeast, and southwest facing as the 
“most stressful” microhabitats, rock faces 
labeled as top, east, and west facing as 
“intermediate” microhabitats, and rock 
faces labeled as north, northeast, and 
northwest facing as “least stressful” 
microhabitats. The least stressful 
microhabitats received intermediate 
amounts of sun and low wind, intermediate 
microhabitats received intermediate sun 
and intermediate wind, and the most 
stressful microhabitats received either high 
sun and high wind or no sun (Anstett and 
Coiner 2010).  

We used proportions of overtopping vs 
overtopped to demonstrate each species’ 
competitive growth patterns by overtopping 
others. We used ANOVA to determine the 
differences in pH of three species and the 
differences in the distribution of our three 
lichen species across three different 
qualities of microhabitat. We used two-way 
ANOVA to examine how microhabitat 
distribution and abundance of a given 
species changes depending on the presence 
or absence of the other species.  

RESULTS 

In total, 158 faces from 94 unique granitic 
rocks were surveyed at Crooked Creek 
Station of White Mountain Research Center, 
which included 48 least stressful 
microhabitats, 73 intermediate microhabitats, 
and 37 most stressful microhabitats.  

Rhizoplaca sp. overtopped X. elegans and 
L. atrobrunnea much more often than X. 
elegans and L. atrobrunnea overtopped 

Rhizoplaca sp. (Table 1). X. elegans 
overtopped L. atrobrunnea more often than 
L. atrobrunnea overtopped X. elegans (Table 
1). There was no difference in the acidity of 
all three lichen species (N = 3, F = 1.714, P = 
0.258, Fig. 2). 

 

Figure 2. pH of three lichen species. There was no 
pronounced difference in the pH of three lichen 
spices (P = 0.258).  

 

Figure 3. Microhabitat distribution of three lichen 
species at the White Mountains. Rhizoplaca sp. most 
often occupied the least stressful microhabitats, and 
L. atrobrunnea was found more in least stressful and 
intermediate microhabitats (Rhizoplaca sp.: N = 158, 
F = 10.95, P < 0.0001; L. atrobrunnea: N = 158, F = 
6.48, P = 0.002). There was no difference in the 
distribution of X. elegans among three microhabitats 
(N = 158, F = 0.85, P = 0.431). 
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Table 1: Ratio Index of overtop vs. overtopped. Overtopping rations were calculated by dividing the frequency of a 
species overtopping another species by that species being overtopped by the other species. Rhizoplaca sp. 
overtopped L. atrobrunnea and X. elegans much more often than L. atrobrunnea and X. elegans overtopped 
Rhizoplaca sp. X. elegans overtopped L. atrobrunnea more often than L. atrobrunnea overtopped X. elegans. 

Competition between species Overtopping Ratio 

Rhizoplaca sp. vs L. atrobrunnea 45.70 

Rhizoplaca sp. vs X. elegans 26.67 

X. elegans vs L. atrobrunnea 4.125 

 
 

Overall, L. atrobrunnea was the most 
abundant species, and X. elegans was the 
least abundant (N = 158, F = 52.054, P < 
0.001). Rhizoplaca sp. was most often found 
in the least stressful microhabitats, and L. 
atrobrunnea occupied more of the least 
stressful and intermediate microhabitats 
than most stressful microhabitats. 
(Rhizoplaca sp.: N = 158, F = 10.95, P < 0.001; 
L. atrobrunnea: N = 158, F = 6.48, P < 0.01, 
Fig. 3). There was no difference in the 
distribution of X. elegans across the three 
microhabitats (N = 158, F = 0.85, P = 0.431, 
Fig. 2). 

When Rhizoplaca sp. was present, both L. 
atrobrunnea and X. elegans increased in 
abundance (Table 2, Fig. 4, Fig. 5). When X. 
elegans was present, Rhizoplaca sp. 
increased in abundance (Fig. 6), but L. 
atrobrunnea abundance was unaffected 
(Table 2). The presence of L. atrobrunnea 
had no effect on the abundance of 
Rhizoplaca sp. or X. elegans (Table 2).  

When Rhizoplaca sp. was present, the 
distribution of X. elegans shifted from least 
stressful to most stressful microhabitats 
relative to when Rhizoplaca sp. was absent, 

while the distribution of L. atrobrunnea was 
unaffected (Table 2, Fig. 4, Fig. 5). When X. 
elegans was present, the distribution of 
Rhizoplaca sp. is more concentrated in the 
least stressful microhabitats relative to 
when X. elegans was absent (Fig. 6), while 
the distribution of L. atrobrunnea was 
unaffected (Table 2). The presence or 
absence of L. atrobrunnea had no effect on 
the distribution of Rhizoplaca sp. or X. 
elegans across microhabitats (Table 2). 

Figure 4. Role of Rhizoplaca sp. in the abundance and 
distribution of L. atrobrunnea across three 
microhabitats. The abundance of L. atrobrunnea 
increased when Rhizoplaca sp. was present, while its 
distribution was not affected. 
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Figure 5: Role of Rhizoplaca sp. in the abundance 
and distribution of X. elegans across three 
microhabitats. When Rhizoplaca sp. was present, the 
abundance of X. elegans increased and its distribution 
shifted from least stressful microhabitats to most 
stressful microhabitats.  

Figure 6: Roles of X. elegans in the abundance and 
distribution of Rhizoplaca sp. across three 
microhabitats. When X. elegans was present, the 
abundance of Rhizoplaca sp. increased, while its 
distribution became more concentrated in the least 
stressful microhabitats. 

 

Table 2: Effects of the presence/absence of lichen species on lichen community structures. Significant was assessed 
with two-way ANOVA, comparing the abundance and distribution of lichen species across three microhabitats in the 
response to the presence/absence of one lichen species. Significant effects are bolded. 

Response Predictor N F P 
L. atrobrunnea Microhabitat 158 6.484 0.002 
 Rhizoplaca sp. Present/Absent 158 4.379 0.038 
 Rhizoplaca sp. Present/Absent*Microhabitat 158 2.279 0.1059 
 X. elegans Present/Absent 158 0.929 0.3367 
 X. elegans Present/Absent*Microhabitat 158 2.602 0.0775 
     
Rhizoplaca sp. Microhabitat 158 12.51 < 0.001 
 L. atrobrunnea Present/Absent 158 2.761 0.0986 
 L. atrobrunnea Present/Absent*Microhabitat 158 1.3219 0.2697 
 X. elegans Present/Absent 158 4.302 0.0397 
 X. elegans Present/Absent*Microhabitat 158 3.293 0.0398 
     
X. elegans Microhabitat 158 0.845 0.4315 
 L. atrobrunnea Present/Absent 158 1.526 0.2186 
 L. atrobrunnea Present/Absent*Microhabitat 158 0.213 0.8086 
 Rhizoplaca sp. Present/Absent 158 9.980 0.0019 
 Rhizoplaca sp. Present/Absent*Microhabitat 158 4.263 0.0158 
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DISCUSSION 

Structures of lichen communities in the 
White Mountains exhibited competitive 
interactions between lichen species, along 
with a transitive hierarchy. Rhizoplaca sp. 
was often found overtopping both L. 
atrobrunnea and X. elegans, showing 
support that Rhizoplaca sp. was the primary 
competitor by using overtopping as a 
competitive mechanism in this hierarchy 
between these three lichens. X. elegans was 
also found overtopping L. atrobrunnea, but 
not Rhizoplaca sp., suggesting that X. 
elegans outcompeted L. atrobrunnea as a 
secondary competitor to Rhizoplaca sp. This 
could be explained by how both Rhizoplaca 
sp. and X. elegans are foliose lichens, which 
are more capable of using overtopping to 
compete for space with other lichens 
because of their morphological advantages 
(Harris 1996). Interestingly, this hierarchy 
does not match the abundance patterns, 
where L. atrobrunnea was the most common 
species and X. elegans was the least 
common. One possible explanation could be 
that as a tradeoff, L. atrobrunnea focuses on 
dispersal capability rather than competitive 
capability, as is seen in some plant 
communities (Mena-Lorca et al. 2006). 
Furthermore, since X. elegans was successful 
at overtopping L. atrobrunnea yet was not 
commonly found in the area, it is possible 
that X. elegans prefers growing on other rock 
types more than on granite. While out 
observing sites with dolomite rocks in White 
Mountain Research Reserve, we noticed a 
high abundance of X. elegans and a low 
abundance of L. atrobrunnea and Rhizoplaca 
sp., suggesting that X. elegans prefers 
dolomitic habitats to granitic habitats in 
subalpine areas. 

Considering that there were no 
pronounced differences in the acidity of 
three lichen species we studied, it was 
inconclusive if pH was an important 
competitive mechanism utilized by any of 
these species. Although our results were not 
aligned with those of the Lokajová’s et al. 
study, which found that toxic lichens use 
acidic chemicals to inhibit other nearby 
lichens (2014), in their study, four out of the 
five toxic lichens studied were fruticose 
lichens and only one was a foliose lichen. 
Thus, acidity may be a more common 
competitive mechanism in fruticose lichens 
rather than in crustose and foliose liches.  

While the abundances of L. atrobrunnea 
increased when Rhizoplaca sp. was present, 
the distribution of L. atrobrunnea was not 
affected, where L. atrobrunnea still occupied 
the least stressful microhabitats the must. 
Thus, competition with Rhizoplaca sp. did 
not influence the growth patterns of L. 
atrobrunnea. The distribution of L. 
atrobrunnea might be more driven by the 
quality of the microhabitats on rocks rather 
than the presence of other species. 
However, since X. elegans was more often 
found on the most stressful microhabitats 
than least stressful when Rhizoplaca sp. was 
present, it was likely that there was a 
competitive interaction where Rhizoplaca 
sp. was forcing X. elegans out of the best 
microhabitats. It is intriguing to find that 
there was less interaction between L. 
atrobrunnea and other species, while 
Rhizoplaca sp. and X. elegans were 
influencing each other greatly. It is possible 
that the difference between the morphology 
of crustose and foliose lichens had a role in 
the interaction between the lichen species, 
even though they were all saxicolous. 

Our results revealed a transitive hierarchy 
where Rhizoplaca sp. was dominant over L. 
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atrobrunnea and X. elegans, while both 
Rhizoplaca sp. and X. elegans were dominant 
in this area over L. atrobrunnea. We suggest 
further research to explore other possible 
factors that drive the structures of lichen 
communities as well as different competitive 
interactions that occur between species, 
such as different rock types. We also suggest 
looking at lichens in less harsh environments 
where space and resources are abundant to 
see how strong competition is between 
species. Another future study could compare 
which environments might support lichens 
that use allelochemicals as a competitive 
mechanisms or environments where lichens 
prefer a “truce” condition over direct 
competition. Lastly, further identification of 
the many other lichen species within the 
area may show a more detailed interactions 
of competition.  

Our study provides a framework for 
exploring different competitive strategies 
within a given community. Working to learn 
and predict competitive interactions gives a 
better understanding of community 
structures and dynamics, assisting in 
ecological efforts over a large scale (Tilman 
1990). This understanding will help with 
preserving biotic diversity and resources for 
future study and conservation.   
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