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ABSTRACT 

Lichens are hardy organisms that can survive in some of the harshest conditions in which 
terrestrial biota is found. These conditions can lead to highly competitive systems, where 
organisms compete for limited resources and spaces with the most favorable conditions. 
However, in many instances, species are found coexisting without issue. There exist 
mechanisms that maintain biodiversity including disturbance, niche partitioning, and 
habitat differentiation. In the absence of such stabilizing mechanisms, other mitigating 
factors such as intransitivity, an ecological game of “rock-paper-scissors” may come into 
play. This alternative mechanism creates a system where competing species effectively 
limit the populations of one another without ever fully excluding a species, allowing 
multiple species to coexist on the same resource. Our study investigated the distribution 
of saxicolous lichen communities on serpentine outcroppings and evaluated if any such 
coexistence mechanisms could be identified. We found no evidence of intransitive 
interactions. However, we found that certain lichen species distribute themselves 
differently according to the aspect of the rock they grew on. We also found that the 
species that excelled in interference competition did not exhibit the greatest percent 
cover overall. Our findings have implications for not only the energetic trade-offs that 
may accompany alternative competitive strategies but for the ability of species to coexist 
via spatial resource partitioning. 
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INTRODUCTION  

Competition refers to the negative effects 
the presence of neighbors has on the 
physiology or fitness of an organism (Tilman 
1982, Grace and Tilman 1990). Competition 
exists where two or more parties rely on the 
same, finite resource (e.g., nutrients or 

space) and can occur on many scales and 
contexts, from the microbial level to that of 
the macroscopic world (Keddy et al. 
2001).  In particular, the growth and 
distribution of a species’ population are 
known to be slowed and shaped by 
competition, which can in turn promote 
diversity within a community (Tilman 1982, 
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Legault et al. 2020). A subset of overall 
competition, interspecific competition is 
defined as competition between different 
species and is vital to the understanding of 
living systems (Armstrong 1991, Bowker et 
al. 2010, Legault et al. 2020). As such, 
studying competition between species in a 
community may provide insight into not only 
individual species distributions but the 
nature of the community as a whole. 

According to Gause’s Competitive 
Exclusion Principle, no two species can 
exploit an environment in the same way and 
coexist (Gause 1934). Therefore, within 
highly competitive systems, external or 
internal factors acting on members of the 
community are required in order to maintain 
the stability of biodiversity. These 
mechanisms include disturbance, predation, 
niche partitioning, and habitat 
differentiation. However, in the absence of 
such stabilizing mechanisms, other 
mitigating factors such as the mathematical 
theory of intransitivity may come into play 
(Laird and Schamp 2006). Simply stated, 
intransitivity takes the form of “rock-paper-
scissors” interactions between species; one 
species is able to outcompete another, while 
the second is able to outcompete a third 
species, which in turn is able to outcompete 
the first (Fig. 1). Intransitive interactions are 
expected to stabilize the communities in 
which they occur, allowing many different 
species to subsist on the same resource 
while also competing with one another 
(Laird and Schamp 2006, McDonald and 
Shizuka 2013). 

Intransitive competition can arise in a 
variety of scenarios from pure exploitation 
or interference to some combination of the 
two. The last option occurs when other 
factors involving toxicity, susceptibility, and 
resistance are involved (Laird and Schamp 2006). 

 

Figure 1. Transitive and intransitive relationships. 
Arrows point from superior competitor to inferior 
competitor. A depicts an intransitive relationship 
where A > B > C > A. B depicts a transitive (a.k.a. 
hierarchical) relationship where species A is the 
ultimate competitor A > B > C. 

In exploitative competition, competing 
parties indirectly affect one another by vying 
for a common resource. In interference 
competition, on the other hand, individuals 
have a direct negative impact on each other 
through strategies like allelopathy (chemical 
competition) or overgrowth (Amarasekare 
2002). 

We tested the mathematical theory of 
intransitivity by investigating interspecific 
interactions and species distribution in a 
competitive environment. Such an 
environment was found in lichens on 
serpentine outcrops. Lichens are incapable 
of being classified amongst other vegetation 
as they are technically a composite 
organism; a symbiotic partnership between 
a fungus and photobiont, a eukaryotic green 
alga, and/or prokaryotic cyanobacteria 
(Stephenson 2010). Lichen often lives in very 
high-stress environments where they are 
exposed to extremes of temperature, UV 
radiation, and hydration (Armstrong 1991). 
Due to their adaptations for high-stress 
habitats, it is sometimes advantageous for 
lichen species to focus their metabolic 
energy on protecting themselves against 
environmental stressors rather than using 
energy to compete with other species 
(Grime 1979, Harris 1996, Bowker et al. 
2010, Jettestuen et al. 2010). As such, some 
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lichen will instead grow on different rock 
aspects where different environmental 
conditions exist, thereby avoiding direct 
competition (Larson 1984, Coxson and Coyle 
2003). When lichen species do compete, 
however, they engage in various forms of 
interference competition such as growing 
over, beneath, or epiphytically on their 
neighbors (Amarasekare 2002, Armstrong 
and Welch 2007).  

Based on previous investigations’ findings 
that aspect affects the distribution and 
composition of lichen communities, we 
predict that these lichen communities will 
also be distributed based on but not limited 
to the aspect of the rock face on which they 
grow (Armstrong 1974, Pentecost 1979, 
John and Dale 1991). In environments with 
many species of competing lichen, we expect 
there to exist intransitive mechanisms which 
would allow for the species richness to 
persist. This would account for the large 
amount of biodiversity we noticed on 
serpentine outcrops and the potential role 
of competitive interactions involving direct 
interference and exploitation of space in 
high-density areas. Because 25% of 
interactions within a system are expected to 
be intransitive (Laird and Schamp 2006), we 
would expect that out of a group of five 
selected species with nine distinct 
interactions, two of these interactions would 
be intransitive if niche partitioning does not 
play a role. If intransitivity is not present 
within a system, we expect to see niche 
partitioning. Niche partitioning is a common 
mitigating mechanism that promotes 
specialization, thus reducing species overlap 
across the same niche and any competition 
that might ensue (Grime 1979, Larson 1984). 
If niche partitioning is present in our 
observed lichen system, we would expect 
species of lichen to be affected differently by 

the aspect of their substrate, due to differing 
tolerances to direction-dependent stressors. 

METHODS 

2.1 Site selection and natural history 

Our investigation was conducted at the 
Sedgwick Reserve, located in Santa Barbara 
County, California (34.693°W, -120.041°N), 
from October 29–31, 2021. Sedgwick 
Reserve encompasses 23 km² and spans an 
elevational range of 500 m on the south-
facing slopes of the San Rafael Mountains. 
The temperature spans between as low as -
5℃ in the winter and up to 38℃ in the 
summer with an average rainfall of 38 mm 
annually (The Western Regional Climate 
Center 2021). The site contains a diverse 
range of vegetation types including coastal 
sage scrub, buckbrush (Ceanothus cuneatus) 
chaparral, willow (Salix lasiolepis and S. 
laevigata) riparian forest, coast live oak 
(Quercus agrifolia) forest, valley oak (Q. 
lobata) savannah, blue oak (Q. douglasii) 
woodland, sabine pine (Pinus sabiana) 
dominated mixed-evergreen forest, 
serpentine grasslands, and outcroppings, as 
well as agricultural lands. Additionally, the 
reserve is characterized by its distinctive 
hydrology and geologic activity. Sedgwick 
contains major portions of two watersheds 
and is divided by a major fault system. The 
reserve also boasts two unique formations: 
the younger Paso Robles alluvium and the 
older Franciscan metamorphosed seafloor. 
Included in the latter formation are large 
pockets of serpentinite, which form the 
environment for the focus of this study 
(UCNRS 2015).  

Serpentinite is an ultramafic rock classified 
by its relatively high concentrations of iron 
and silicon, as well as a high Mg:Ca ratio 
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(Brady et al. 2005, Harrison and Rajakaruna 
2011). The presence of these heavy metals 
creates an inhospitable environment for 
many plants and animals when broken down 
into its mineral serpentine form (Coleman 
1971, Harrison and Rajakaruna 2011). Unlike 
vascular plants, lichens are not affected by 
the presence of heavy metals and are thus 
able to occur in communities with relatively 
high biodiversity on exposed serpentine 
faces (Paukov et al. 2019). We chose to look 
at serpentine outcrops (exposed serpentine 
rock formations). Looking specifically at one 
rock type largely controlled for edaphic 
effects, making this an ideal system for the 
study of lichens. 

2.2 Species Selection and Morphology 

In 2016, a survey was conducted in the 
Sedgwick Reserve by the California Lichen 
Society, documenting all lichen species 
present in the area on all substrates 
including serpentinite (Benson 2016). In this 
study, we identified lichen species based on 
the information provided in this survey, 
focusing upon the following five types of 
lichen: Polycauliona ignea (Arup) Arup, 
Frödén & Søchting, Polycauliona bolacina 
(Tuck.) Arup, Frödén & Søchting, Rinodina 
rinodinoides (Anzi) H. Mayrh. & Scheidegger, 
Candelariella rosulans (Müll.Arg.) Zahlbr., 
and Peltula bolanderi (Tuck.) Wetmore. 
Species identification was made in the field 
using The Handbook of California Lichens 
(Sharnoff 2014). During our preliminary 
observations of the area, we observed a high 
abundance of these species across rock faces 
with many species growing over each other, 
indicating that some level of competition 
may be occurring within these communities. 

Lichens grow in the following three 
morphological types based on their main 

body structure, the thallus: crustose, 
fruticose, and foliose (Sharnoff 2014). These 
species’ different morphologies as well as 
the different ways in which they grow and 
spread might have some influence over their 
competitive abilities. All five species 
included in this study—Polycauliona ignea, 
Polycauliona bolacina, Rinodina 
rinodinoides, Candelariella rosulans, Peltula 
bolanderi—fall within the crustose growth 
form of lichen, which is slow growing and 
forms a low lying, crust-like layer over the 
surface of the substratum (Sharnoff 2014, 
Brodo 2016). However, R. rinodinoides is the 
only true crustose. The other four species fall 
within the squamulose sub-category of 
crustose lichen, meaning they grow with 
overlapping scales that may resemble the 
frilly structure of foliose lichens. More 
specifically, R. rinodinoides is a type of 
pepper-spore lichen, which can form 
primarily continuous thick or thin thalli and 
is inconspicuous in comparison to other 
types of lichen. Pel. bolanderi can also be 
inconspicuous, occurring in drier habitats 
primarily along the coast of southern 
California. A form of rock-olive lichen, Pel. 
bolanderi is identifiable by its dark hue, 
sunken lobes, wavy margins, and scattered 
appearance. Pol. ignea and Pol. bolacina are 
firedot lichens, with bright orange thalli that 
appear in more of a reddish hue for the 
former and yellow for the latter. Besides 
color, these two types of lichen are 
distinguished by the way in which they 
distribute: Pol. ignea radiate toward a center 
point with narrow, elongated lobes on the 
perimeter, while Pol. bolacina appear in 
scattered areoles (tiny patches) or slightly 
lobed squamules (appear small and scab-
like). C. rosulans is known as the sagebrush 
goldspeck lichen, with a dark yellow thallus 
and lobed squamules that can either appear 
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scattered or stacked in such a way that it is 
raised above the substrate (Sharnoff 2014). 

2.3 Lichen Percent Cover by Species 

Lichen area data was collected from seven 
different serpentine outcrops (Fig. 2) on the 
northeastern edge of Sedgwick reserve. We 
defined an “outcrop” as any area containing 
serpentinized rock formations that were 

exposed on the surface. To measure the 
percent cover of each lichen species, we 
selected serpentine rocks from each of the 
furthermost cardinal directions (i.e., North, 
South, East, and West) on the outcrop as 
well as the rock at the highest point on the 
outcrop to obtain a distribution of sampling 
locations. We only included exposed rock 
faces in this study. 

 

 

Figure 2. Map of sampled locations at Sedgwick Reserve (120.026°W, 34.737°N). All locations that were used for 
percent cover measurements are labeled with an “S” for the site and a letter specifying the cardinal direction on the 
outcrop. The topmost rocks are labeled “HE” for “highest elevation.” The locations that were used solely for the 
competition analysis are labeled with “CR” for “competition rock.”

We used a flexible quadrat made with four 
zip ties at 15 cm, each with an area of 225 
cm², to measure the percent cover of our 
five lichen species and only chose rocks that 
could fit our quadrat. We placed the quadrat 
on every available face of the rock, 
attempting to capture a measurement in 
each cardinal direction as well as the 
topmost face of the rock. When rocks were 
tall enough to accommodate multiple 

quadrats in a vertical alignment, we placed 
quadrats consecutively, starting from the 
base of the rock and working our way to the 
top for as many as would fit. We also 
recorded the aspect of each face and 
photographed each quadrant on the rock 
face using either an iPhone 11 Pro or iPhone 
12 Pro, and we imported images into ImageJ 
(Schindelin et al. 2012). We traced each 
lichen and calculated the percent cover as 
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the summed value of the recorded lichens 
traced within the quadrat to the proportion 
of total pixels of the traced quadrat. Portions 
of images where the background rock was 
too far from the quadrat (ca. >5 cm) were 
excluded from the analysis. 

2.4 Interspecific Competition 

To investigate the competitive interactions 
between all five lichen species, we mimicked 
the preferential sampling approach of 
previous lichen studies (Bowker et al. 2010, 
Pennino et al. 2019, Paukov et al. 2019). We 
intentionally sampled rocks with large 
quantities of lichen and specifically sought 
out all ten possible pairings of our selected 

five species across the rock face, taking 
recordings of every possible species 
coupling. We looked at every available face 
of the rock for these interactions. Using 
photographs of the interactions taken with 
either an iPhone 11 Pro or iPhone 12 Pro 
through a hand lens (10x), we determined 
the proportion of the thalli overlapping and 
being overlapped between the two species. 
The hand lens’ constant focal distance 
standardized the distance from which we 
took the pictures. If one species had a 
greater proportion of thalli overtopping 
another, we recorded it as a “win” for that 
species and a “loss” for the other (Fig. 3). If 
there was no evidence of such an 
interaction, the observation was discarded.

 
Figure 3. Overtopping interactions. A) Thalli of Po. ignea extends over thalli of R. rinodinoides thereby making it the 
more competitive species in this interaction. B) C. rosulans overtopping Po. ignea thereby making it the more 
competitive species in this interaction.

2.5 Statistical Analyses 

All statistical analysis was performed in 
JMP (version 16.0.0; JMP® 2021). A 
MANOVA was used to evaluate differences 
in lichen communities within serpentine 
outcrops across and in between the cardinal 
directions. Further analysis grouped cardinal 
directions into either Northeastern (NE; 

315°–134°) or Southwestern (SE; 135°–314°) 
aspects. To test for variance across lichen 
communities, our dataset was fit to a Least 
Squares model in order to evaluate the 
proportions of rock cover based on between 
species. This analysis was followed by a post 
hoc Tukey-Kramer test which assessed the 
pairwise differences of the mean 
proportions of rock cover between species.
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Table 1. Percentage of instances that species on the left row outcompeted species on the top row. 

 
Notes: We determined the proportion of times that a species was overtopped versus overtopping its neighbor 
species in these pairwise interactions. If the proportion of overtopping was greater than that of overtopped we 
considered that to be a winning interaction. We totaled up all of the wins for each species and determined the 
percentage of wins for that species. C. rosulans outcompetes every species at high proportions. Po. bolacina and Pe. 
bolanderi outcompete each other at similar proportions. R. rinodinoides is outcompeted by every species. 

Table 2. Lichen species mean and total percent cover per rock-face aspects. 

 
Notes: We analyzed the amount of all studied lichens in quadrats placed on the four cardinal directions, and the top 
of each sample rock. Samples were grouped into categories Northeast, Southwest, and Top. Across our study site, 
Pol. ignea was the most abundant and covered most rock faces regardless of the outcrop or face aspect (i.e., 
Northeast, Southwest, and Top). Pel. bolanderi was the second most common overall and was more pronounced on 
the Southwest-facing rock faces. Pol. bolacina was the third most common except on the tops of rocks where it was 
almost absent. R. rinodinoides was the fourth most common and found to be more prominent on the Southwest-
facing rocks. C. rosulans was the least common and covered the least amount of rock area in almost every cardinal 
direction, but was most pronounced in Northeast-facing rocks. 
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Figure 4. Dominance hierarchy between five species 
of lichen studied. We collected pictures of 
interactions between the five study lichens, 
preferentially sampling from sites with many 
interactions. The pictures were assessed, and the 
winner and loser were determined by observing the 
proportion of overlap between neighbors--the 
species with a higher proportion of overlaps won the 
interaction. C. rosulans was observed to have the 
most dominant growth patterns relative to other 
lichen species. Arrows point from the winning species 
of the interaction. 

We examined the competitive interactions 
between each possible pair of lichen and 
determined the more successful competitor 
of the pair to be the one with the greatest 
proportion of thalli overtopping their 
neighbor. We used these values to construct 
a dominance matrix to search for instances 
of intransitivity within the community (Fig. 4; 
Table 1). 

RESULTS 

3.1 Lichen Distribution 

Across our study site, Pol. ignea covered 
the largest proportions of rock faces 
regardless of the direction (n = 57; Table 2). 
Pel. bolanderi covered the second largest 
area and was more pronounced on the 
Southwest facing rock faces (n = 59; Table 2). 
Pol. bolacina proportionally covered the 

third largest area but never appeared on the 
tops of the rocks (n = 27; Table 2). R. 
rinodinoides covered the fourth largest area 
proportionally and was most prominent on 
Southwest rock faces (n = 16; Table 2). C. 
rosulans covered the least total area in every 
cardinal direction except for the Northeast 
face where it covered proportionally more 
area than Pol. bolacina (n = 17 ; Table 2). 
Overall, each lichen differed in distribution 
between aspects. (n = 175, F = 6.6470, p = 
<0.0001; Fig. 4). Aspect as an effect was also 
found to support the variance in the 
distribution of the lichen species (n = 175, F 
= 7.6638, p = <0.0001). Furthermore, 
distribution of lichen species within 
communities marginally differed between 
the four cardinal directions (N = 129, 𝜒2 = 
6.6597, p = 0.0836; Figure 5; Table 2). 

3.2 Interspecific Interactions 

C. rosulans was determined to be the most 
competitively successful organism in the 
dominance network as it was found to be 
overtopping more adjacent lichen species 
across the sampling area. After C. rosulans, 
the other four species were ranked as 
follows from most to least wins: Pol. ignea, 
Pol. bolacina, Pel. bolanderi, and R. 
rinodinoides (Table 1). 

DISCUSSION 

Overall, our study indicates that the 
observed distribution of lichen species on 
serpentine outcrops could be due to 
differences in the preferred habitat of each 
lichen on the rock. In particular, the aspect 
of each rockface (i.e., north, east, west, and 
south) was an indicator that helped to 
delineate where lichen species may be 
present. Despite our predictions, no evidence 
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Figure 5. Proportion of area occupied by lichen species versus the aspect of rock face. The northernmost, 
easternmost, southernmost, and westernmost rocks of each outcrop were sampled. Quadrats were placed on each 
cardinal direction of the rock, and its’ top. The area of each lichen in the quadrats was taken. For the purposes of 
analysis, samples were grouped into North/East and South/West categories. Overall, Po. ignea has the highest 
percent cover among the lichens.

was found for the existence of intransitivity 
between lichen species on the serpentine 
outcrops. 

Our results indicate that C. rosulans was 
the strongest competitor when considering 
competition via overlapping between 
lichens. However, it was the second rarest 
lichen overall, and covered the least area 
(Fig. 5). The fact that C. rosulans does not 
dominate the surface of the rock indicates  
that direct competitive domination via 
overlapping is not the best way for lichen to 
survive on serpentinite outcrops. The most 
common lichen observed was Pol. ignea, 
which is the second strongest competitor. 
This may indicate that lichens on our 
sampled outcrops were most successful 
when adopting strategies that included both 
fast growth as well as some level of 
overtopping ability. 

Because serpentine outcrops’ harsh 
environment weighs on lichens’ energy 
budgets, competition via overlapping may 
be too energy-intensive to form a viable 
strategy (Jettestuen et al. 2010). In this case, 
C. rosulans forms stacked growths which 
might be more energy-intensive to produce 
than the relatively flat growths of other 
lichens (Sharnoff 2014). The tradeoff is that 
although such a thick growth might be better 
at directly overtaking other lichens, the area 
that the lichen can overtake per unit time 
may be severely reduced with this strategy, 
especially on an easily erodible rock surface 
such as serpentinite (Brady et al. 2005). This 
strategy of fast growth over competitive 
growth strategies was found to benefit trees 
that inhabit fragmenting habitats (Mena-
Lorca et al. 2006). Serpentinite’s status as an 
easily erodible substrate means that similar 
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patterns might be observed in its lichens as 
they continually colonize new zones of 
serpentinite (Brady et al. 2005). 

There was no intransitivity observed 
within the group of lichen that was 
examined. This runs counter to our 
expectations, as we would expect 
intransitivity networks to form where stable 
communities of multiple lichen species exist 
(McDonald and Shizuka 2013). The lack of 
intransitivity within our network must 
therefore be reconciled with the observed 
diversity of lichen. One possibility is that 
rocks with diverse growths of lichen are not 
stable and have not had time to experience 
the drastic drop in diversity that models 
predict for systems without intransitivity 
(Armstrong and McGehee 1980, Brady et al. 
2005). Crustose lichens, like the ones 
examined in this study, have growth rates 
ranging from 0.1 to 2.0 mm per year (Sancho 
et al. 2007). As many species of lichen spread 
over long distances via windborne particles 
(Gjerde et al. 2015), we would expect rocks 
of the outcrop to be colonized by multiple 
species of lichen on different spots, where 
those particles happen to land. 

Rocks with many species of lichen could 
represent intermediate states of 
colonization. Alternatively, rocks with fewer 
species of lichen could reflect early stages of 
colonization wherein fewer species were 
able to establish themselves, or later stages 
in colonization where fewer lichen species 
were left over. The high number of surfaces 
with many visible lichen species could be due 
to the fact that serpentinite is prone to 
erosion (Brady et al. 2005), which would 
regularly slough off old layers of lichen and 
expose new layers for colonization. 
However, we also noticed environments that 
were populated very sparsely with lichens 
and only contained the most commonly 

found species. Several studies have looked 
at abiotic contributions to lichen distribution 
such as slope and aspect (Armstrong 1974, 
Nash et al. 1977). Perhaps they represent 
areas that had just been colonized by the 
fast-growing species, areas which every 
other species has left, or areas that only 
appeal to specific lichen types. It is possible 
that some or all of these factors play into 
their overall distribution. 

Stable, diverse communities lacking 
intransitivity may also be explained through 
other mechanisms of mitigation, including 
the possibility of niche partitioning (Laird 
and Schamp 2006). Our results point to 
differences in the distributions of the 
studied lichens along with the cardinal 
directions. This would constitute spatial 
niche partitioning, which is observed in 
desert mammals that avoid competition by 
inhabiting and specializing in different areas 
(McDonald and Shizuka 2013, Zhong et al. 
2016). In the case of our study, some lichens 
would distribute themselves differently 
according to the direction their substrate 
faced. As an example, Pol. bolacina was 
found across the serpentine rock except on 
the top of the rocks where it is directly 
exposed to UV radiation and presumably, 
more desiccation. Meanwhile, Pol. ignea 
was found across all faces, which would 
indicate that it was less affected by 
direction-dependent stressors. These 
distinct distributions could be due to 
different intensities of sunlight and wind 
which are experienced through the day by 
those faces. This has already been 
documented to affect lichens as a whole 
(Nash et al. 1977). Possessing different 
optimal ranges allows for multiple lichen 
species to coexist on one rock, specializing 
on certain faces which point in their 
preferred directions. 
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The long-term progression of an area’s 
lichen in relation to their competitive 
hierarchies remains an interesting avenue 
for further research. Lichens are known to 
succeed each other in order from crustose, 
foliose, and finally fruticose (Plitt 1927). 
However, this experiment observed 
competition between only crustose lichens. 
Far from limiting the scope, this provided an 
insight into interactions within this category 
of lichens. Tracking individual patches of 
lichen over years or decades would assist in 
determining how well these lichens fit the 
standard image of transitive domination 
networks, in which systems with large 
numbers of initial species collapse quickly 
into a stable state with lower species 
diversity (Armstrong and McGehee 1980).  

By observing the creation and subsequent 
development of lichen communities, 
deductions could be made on their 
progression—do they start off with full 
diversities, dwindling over time to fewer 
species? Or do they progress from initial 
states with quickly growing communities of 
a few species which stabilize as more lichen 
species establish themselves on the rock? 
The former would support intransitivity’s 
place as a stabilizing factor in showing a 
scenario where a population without 
intransitivity collapsed in diversity to form a 
simpler stable state (McDonald and Shizuka 
2013). The latter would point to different 
factors in the community allowing for stable 
configurations to arise with many species 
(Armstrong and McGehee 1980). The actual 
answer might not fit either scenario fully or 
might vary based on the location of 
observation. As a slowly developing system 
with constant turnover due to quick erosion, 
communities on serpentinite outcrops in this 
otherwise temporary stage of development 
could be observed on long timescales.  
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