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ABSTRACT

The hardwood forests of Indiana are experiencing a decline in oak (Quercus)
regeneration. Most forests are undergoing sugar maple (Acer saccharum) replacement in the
understory. This dynamic is of concern because of the potential decline in total species diversity
in these forests. Lichens can be valuable indicators of forest health; however, they are not
included in Indiana’s forest health monitoring program. An analysis of lichen biodiversity was
conducted at Salamonie River State Forest (SRSF) in Wabash County, Indiana. The objectives of
this study were to survey the current lichen biodiversity within SRSF in northeastern Indiana and
to evaluate a potential shift in lichen diversity due to the maple growth in forests with an oak-
dominant canopy. Additional questions related to the dependence of lichen richness and
coverage on bark crevice depth, tree diameter, and a soil moisture gradient were addressed.

A total of 11 species of corticolous macrolichens were identified in the study. The shade-
tolerant lichen, Phaeophyscia rubropulchra, was found in the highest abundance in each plot and
on sugar maples. There is the potential for P. rubropulchra to outcompete other lichen species.
Mean lichen richness and coverage were significantly higher in upland sites. A general
regression analysis revealed as the mean bark crevice depth increased, the mean lichen coverage
decreased. Tree diameter was not a statistically significant variable. An R? value of 15.5%
indicated that more factors were at work determining lichen coverage and diversity than those
included in this study. Overcrowding in the understory by sugar maples reduces the light
intensity which may explain the decline in lichen diversity and coverage on the trunks of oak
species. Silvicultural treatments such as the thinning of sugar maples and the opening of gaps in
the forest canopy could help increase the biodiversity of lichens in the forest and promote overall

forest health.



INTRODUCTION

Indiana forests located in the Eastern Deciduous Forest have undergone many decades of
human-induced disturbance. Before Euro-American settlers arrived in the early 19" century,
Native American peoples had altered the landscape (Jackson 1997). Fire was the tool used to
clear trails and small-scale agricultural plots (Jackson 1997). The first settlers of Indiana
employed many of the Native Americans’ forest clearing practices, but eventually the increase in
settlement induced large-scale clearing of land for timber, pasture, agricultural land, and more
living space (Jackson 1997). By the 1900s, most of the forested land suitable for farming had
been converted to agricultural land (Jackson 1997). As a result of continued human-induced
disturbance, oak (Quercus) species dominated the canopies of regenerating, shade-intolerant
forests. Forest species such as sugar maple (Acer saccharum) and tulip poplar (Liriodendron
tulipifera) were unable to survive the periodic fires and the soil compaction from grazing
livestock (Jackson 1997; IDNR 2008).

Currently, the oak forests are declining, which is of particular concern to Indiana
foresters (IDNR 2008). For more than thirty years, there has been a decline in timber harvesting
and changes in timber harvesting methods. These changes in conjunction with the suppression of
wildfires for more than 150 years has led to low-light conditions not conducive to oak and
hickory (Carya) species seedling growth and survival (IDNR 2008). This has led to a substantial
increase in sugar maple in the understory which does not allow for oak regeneration. Oak species
are essential to the current forest structure. Their loss in the community would “directly and
indirectly affect multitudes of species, reduce native biodiversity, and generally drive
community-level shifts and alterations” (IDNR 2008). Consequently, the Division of Forestry

has recommended specific management techniques to encourage and promote oak-hickory



regeneration (IDNR 2008). The Division of Forestry owns and operates approximately 3% of
forested lands in Indiana. Of all forested land, 75% is privately owned, 49% of which is
categorized as oak-hickory dominant (IDNR 2008). While 80% of the upper canopy in the oak-
hickory forests is dominated by oak and hickory species, approximately 11% of the understory is
experiencing oak and hickory regeneration (IDNR 2008). This uneven-aged forest structure
could have a negative impact on forest composition, plant and wildlife biodiversity, and the
timber industry if management practices encouraging oak reproduction in the understory are not
implemented quickly (IDNR 2008).

Salamonie River State Forest (SRSF), located in Wabash County along the Salamonie
River, is on land originally cleared for agricultural purposes. SRSF was converted from farm and
grazing land to forest when the Civilian Conservation Corps (CCC) was commissioned in the
early 1930s to undertake its planting and restoration (Mancini and Cairns 1998). The CCC
planted SRSF with many types of readily-available trees such as white pine (Pinus strobus) and
sweet gum (Liquidambar styraciflua), not necessarily native to northeastern Indiana (personal
communication with Hank Hefner, SRSF). Since its reforestation, SRSF has been managed by
the Indiana Department of Natural Resources Division of Forestry. While some areas continue to
be dominated by white pine in the canopy, most of the forest consists of an oak-hickory canopy
with sugar maple regeneration in the understory. This study site provides a model habitat for
monitoring the potential impact of declining oak populations on the overall biodiversity of the
forest, and on lichens specifically.

The Division of Forestry has begun a monitoring program of state forestland, including
SRSF, for signs of decline in ecosystem health as a result of increasing density of sugar maple.

The Division of Forestry’s Environmental Assessment provides a lengthy list of species included



on Indiana’s list of Greatest Conservation Need. These species could be impacted by the coming
decline in oak species (IDNR 2008). However, one organism not included on the list was lichens.
Lichens have been documented as bioindicators of ecosystem health in many recent studies
(McCune 2000; Brodekova et al. 2006; Thormann 2006; Jovan 2008; Moning et al. 2009; Nag et
al. 2011, Paltto et al. 2011; Svoboda et al. 2011). The inclusion of lichens in the IDNR’s
Environmental Assessment would provide additional insight into future forest management
decisions.

Approximately 18,800 lichen species have been identified worldwide (Lattman 2010),
with new species being discovered every year. Lichens are found in a variety of shapes and sizes.
They are principally classified into three groups according to their growth form: crustose,
foliose, and fruticose. Foliose and fruticose lichens also are grouped together as macrolichens.
Lichens provide several biological benefits to other organisms. Lichens often act as pioneer
species, arriving first to sterile environments to assist in the breakdown of rocks and establish
nutrients in the soils. This allows other early successional plant species to colonize the area
(Brodo et al. 2001). Many insects use lichens as camouflage, while hummingbirds regularly use
lichen fragments to construct and camouflage their nests (Brodo et al. 2001). Several
microscopic invertebrates and macroscopic coleopterans use lichens as shelter and as a food
source. Tardigrades (water bears) are a type of microscopic invertebrate that live within lichen
microhabitats (Nichols 2005). In more northern biomes, moose, caribou, deer, reindeer, and
musk oxen are common foragers of lichens, especially in the winter when other food sources are
scarce (Brodo et al. 2001). Humans also have utilized lichens for thousands of years by preparing

dyes from the various chemical compounds produced by these organisms (Brodo et al. 2001).



Some indigenous tribes in North America, Russia, and Africa even use some lichen species for
food (Brodo et al. 2001).

While lichens are a valuable resource for many organisms, its value to humans as a
bioindicator of environmental health (McCune 2000) should not be overlooked. Lichens are
highly dependent on moisture and light for their photosynthetic function, growth, and ultimate
survival (McCune 2000). They are able to colonize various substrates, including “tree bark,
wood, rock, soil, leaves, peat, mosses, and other lichens” (Thormann 2006). The nonvascular
characteristics of these organisms enhance their sensitivity to changes in climate and ecosystem
structure (i.e. air pollution, climate change, forest structure, or natural and man-made
disturbances) (McCune 2000; Brodo et al. 2001). They are ideal bioindicators for environmental
quality assessments. Recent studies have shown the dependent relationship select lichen species
have with continuous tracts of old oak forests (Ranius et al. 2008b; Lattman 2010; Paltto et al.
2011). Habitat loss, forest fragmentation, and the increase in shade-tolerant tree species threaten
the biodiversity of lichens in oak-dominant forests around the world (Esseen and Renhorn 1998;
Ranius et al. 2008b; Moning et al. 2009; Lattman 2010; Paltto et al. 2011). Other correlating
factors to lichen abundance on old oaks are the bark crevice depth and competition with existing
bryophytes (Ranius et al. 2008b). As oaks age, their bark becomes more creviced allowing for a
more suitable habitat for lichen colonization. Older oak trees provide a long-term substrate for
lichen colonization, growth, and reproduction to occur (Ranius et al. 2008b). This illustrates the
importance of maintaining these forests. If oak-dependent lichens are unable to colonize oak
species because of unsuccessful oak regeneration, the biodiversity of the lichen community will
decline (Ranius et al. 2008b). Monitoring of lichen populations is necessary to determine the

lasting impacts of disturbance on the forest structure and function. Documenting current



populations will allow for assessment of future forest management on lichen biodiversity and
overall forest health to be assessed (Moning et al. 2009; Svoboda et al. 2010; Nag et al. 2011,
Johansson et al. 2012).

Lichens have been used to evaluate the impacts of air pollution, timber harvesting, fires,
industrial encroachment, and changes in canopy composition (Thormann 2006). The US Forest
Service has developed a standard lichen biodiversity sampling protocol which is included in the
Forest Health Monitoring Program’s assessments of overall forest health (McCune 2000; Jovan
2008). There is an increasing concern over the changing forest composition in the Eastern
Deciduous Forest. Lichen biodiversity studies can provide valuable insight into the relationship
and dependence of these organisms on their oak substrates. They also can serve as an indicator of
ecosystem disturbance.

The principal objective of this study was to survey the current lichen biodiversity within
SRSF in northeastern Indiana. The results were analyzed in light of the potential increased maple
recruitment in Indiana forests. Additional questions related to the dependence of lichen growth
on bark crevice depth, lichen substrate specificity, and lichen abundance due to microtopography
also are addressed in the analysis.

MATERIALS AND METHODS
Field Methods:

Salamonie River State Forest, a site experiencing minimal human-induced disturbances
during the past 80 years, was chosen as the study site. SRSF is an 850-acre mixed hardwood
forest (N 40°48°44.5684”, W 85°41°45.9814”). The soils in the SRSF are comprised of glacial
till parent material (United States Department of Agriculture 1983; Indiana Geological Survey

2011). Seven randomly-selected sampling plots were located within the state forest boundaries



(Figure 1). The center point of each sampling plot was recorded using a Garmin® GPSMAP® 62
handheld unit. Using a modified version of the US Forest Inventory and Analysis sampling
method (Jovan 2008), each plot was constructed using a 20-meter radius (a total of 1,256 m?).
Photographs of each plot were taken at angles of 0, 90, 180, and 270 degrees from the center
(Appendix A).

Every tree within the plot with a diameter breast height (dbh) over 13 cm was included in
the lichen biodiversity survey. Thirteen centimeters was the minimum dbh required to cover all
four cardinal directions when using a 10 x 10 cm sampling area for calculating percent lichen
coverage. The species and location of each tree was recorded. The location of each tree relative
to the center of the plot was determined by distance from the center point and angle from true
north (field readings were adjusted for declination). The bark crevice depth was measured on the
north side of each tree at heights of 0.5 meters, 1.0 meter, 1.5 meters, and 2.0 meters, and then
the values were averaged. Lichen species were identified around the circumference of each tree
from a height of 0.5 meters to 2.0 meters to avoid including terricolous lichens (Jovan 2008).
Any unknown lichens were collected and later identified under a dissecting microscope.
Identification of macrolichens was conducted using Brodo et al. (2001) and Showman and
Flenniken (2004). Nomenclature followed the North American Lichen Checklist (Esslinger
2014).

The percent lichen coverage for each lichen species was recorded using a modified
version of the method prescribed by Ranius et al. (2008b). A clear, plastic 10 x 10 cm square
divided into centimeter squares was used to calculate the percent lichen coverage on each tree.
The square was placed at a height of approximately 1.5 meters and then moved until lichen

coverage data had been recorded for the entire circumference of the tree at that height. Lichen



coverage for each species was determined by counting the number of lichens in the one
centimeter squares down to the half-square level.
Data Analysis:

The estimated lichen coverage for each tree sampled was determined. Percent coverage
was calculated for each lichen species per tree by using the data obtained from using the plastic
square method. These values for each lichen species present on a tree were collected individually
and then combined for the total percent lichen coverage per tree. Bar graphs depicting species
richness of lichens were created for the moisture gradients and for sugar maples and oak species.
Each sampling plot was assigned a moisture gradient classification of ‘upland’, ‘lowland’, or
‘midland’ depending on qualitative observations made during sampling. Increasing moisture in a
site can influence lichen species richness and coverage (Harris 1972). Of the seven sampling
plots, two were designated as upland (Sites 1 and 5), two were midland (Sites 3 and 6), and three
were classified as lowland (Sites 2, 4, and 7).

Two separate analysis of variance tests were run to determine whether mean crevice
depth and diameter breast height were influenced by tree species. The results of these tests were
used to build a general regression model for lichen coverage. A general regression model was
constructed to analyze the impact of mean crevice depth, diameter breast height, and moisture
gradient classification on percent lichen coverage. A t-test was used to determine whether
significant differences were present in lichen richness and percent coverage between sugar
maples and oak species. Non-parametric Kruskal-Wallis tests were conducted to determine the
effect of the moisture gradient on lichen coverage and richness. Kruskal-Wallis analyses were

used after one-way analysis of variance tests failed to meet the equality of variance test.



RESULTS

Eleven species of macrolichens were recorded on 18 different tree species in the
sampling plots at SRSF (Table 1). All 11 species were encountered in the lowland sites, but only
5 were found in the upland sites (Figure 4a). Six species were documented in the transitional
sites (Figure 4a). The overall lichen richness was highest in the lowland sites. The upland sites
averaged more lichen species per tree (expressed as mean lichen richness) than the lowland or
transitional sites (Figure 4b). A comparison of lichen richness on sugar maple and oak species
revealed higher overall lichen richness and mean lichen richness on sugar maple. Ten lichen
species were found on sugar maple with a mean richness of 2.5. Five lichen species were
recorded on oak species with a mean richness of 1.5 (Figures 6a and 6c).

In this study, Phaeophyscia rubropulchra was the principal lichen encountered,
appearing 202 times out of 434 recorded lichen encounters (47% of the time) (Table 2 and Figure
2). This lichen occurred on 202 of 309 trees (65% of the trees) (Table 3 and Figure 3).

On the upland sites, the mean lichen coverage was 3.5% (Figure 4c). Coverage was
significantly lower in the transitional and lowland sites, with mean percentages of 2.0% and
2.5%, respectively (Figure 4c). The mean lichen coverage also was significantly higher on sugar
maples (6.7%) than on oak species (2.3%) (Figure 6b).

Separate background analysis of variance tests for tree species versus dbh and tree
species versus mean crevice depth were conducted. There was a significant relationship between
dbh (p < 0.001; DF = 17) and crevice depth to tree species (p < 0.001; DF = 17). To avoid
confounding variables, the ‘tree species’ variable was not included in the general regression

model.



The moisture gradient and mean crevice depth correlated with the percent lichen
coverage (Table 4). The upland class had a larger constant than the other gradient classes and
was separated in the general regression output. The upland class attained a p-value less than
0.001, while the lowland and transitional classes had a p-value of 0.007. Mean crevice depth had
a p-value of less than 0.001. Diameter breast height was not a significant variable in this model
(p = 0.208). The R2 value for this model was only 15.5%.

Sugar maples attained significantly higher lichen richness than the five oak species
observed (p < 0.001; T-value = 5.34; DF = 95). The 80 sugar maples sampled had an average
richness of 2.5 while the 50 oak trees sampled had an average richness of 1.5. Sugar maple also
had a significantly higher coverage (p < 0.001; T-value = 6.41; DF = 124). Sugar maples
averaged 6.7% coverage compared to only 2.3% on oaks.

Analysis of the lichen richness and coverage along a moisture gradient required a
Kruskal-Wallis non-parametric test. Results from the analysis of lichen richness had a median of
2.0 lichen species for upland sites and a median of 1.0 lichen species for the transitional and
lowland sites (p < 0.001) (Table 6). Median values of lichen coverage were 1.4%, 0.3%, and
0.3% for the upland, transitional, and lowland sites, respectively (p < 0.001) (Table 5).

DISCUSSION

The lichen biodiversity recorded on tree trunks in SRSF was higher than expected given
the geographic location and historic disturbances of the study site. Approximately twenty species
of macrolichens are expected to be found in northeastern Indiana based on the number of species
recorded in similar glacial till regions of northwestern Ohio (Showman and Flenniken 2004). The
eleven corticolous macrolichen species found within this shaded forest community that has a

history of disturbance reflects positively on the current forest health of SRSF. It should be noted
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that the tree species with the greatest lichen richness was sugar maple, with ten species of
macrolichen recorded during this study.

Although the overall lichen richness was higher than expected, the dominance of
Phaeophyscia rubropulchra should not be overlooked. This shade-tolerant macrolichen was
encountered 47% of the time (recorded 202 times out of 427 total lichen data points) and
occurred on 65% of trees in the study (Figures 2 and 3). These values are more than twice the
coverage of the next-most-abundant lichen species, Candelaria concolor, which had an
encounter rate of 17% (Figure 2). The average percent coverage for P. rubropulchra along a
moisture gradient was 3.5% for upland sites, 2.6% on transitional sites, and 3.8% for lowland
sites (Figure 5a). This species had high coverage on sugar maples throughout all sampling plots
(Figure 6¢). The dominance of Phaeophyscia rubropulchra in SRSF (and more specifically on
shade-tolerant maples) may lower the biodiversity of lichens over time if the forest continues
succession from an oak-dominant to a sugar maple-dominant canopy (Paltto et al. 2011). The
current data on lichen biodiversity in SRSF only provides a snapshot of the community making it
difficult to predict the future lichen biodiversity of this area. Additional studies are necessary to
track the changes of the macrolichen community over time as the forest canopy structure
changes.

The mean lichen richness and coverage values were significantly higher in the upland
sites compared to the transitional and lowland sites. When comparing the percent coverage of
different lichen species, there were statistically significant differences along the moisture
gradient (Figures 5a-c). This may indicate species-specificity based on the moisture gradients
and other abiotic factors not measured in this study (Schmitt and Slack 1990). From the results of

the general regression model these values declined as crevice depth increased. Diameter breast
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height did not significantly influence lichen coverage for the general regression model used.
Qualitative observations of litterfall indicate a diverse lichen community in the canopy with
Flavoparmelia caperata (pollution-intolerant species), Punctelia caseana, and Punctelia rudecta
being observed. Due to the limited scope of the sampling method these established lichen
populations were not quantified. A potentially higher biodiversity could be present in the canopy,
but the crowded understory may prevent vegetative propagules and sexual spores from
dispersing successfully on lower branches and on the trunks (Paltto et al. 2011). This could
explain the observed decline in richness as crevice depth increased; crevice depth is associated
with older trees (Ranius et al. 2008b). It also is possible the older trees are not yet old enough to
have allowed sufficient time for the establishment of old growth lichen populations (Ranius et al.
2008b). In the study by Ranius et al (2008b), frequency of crustose lichen occurrence was
significantly higher on trees 100 years of age or older than on those under 100 years old.

The R? value of 15.5% obtained from the general regression model indicates that crevice
depth and access to moisture only modestly predict lichen richness. Several abiotic factors not
accounted for in this study design also may have contributed to the noticeable differences in
richness and coverage between the upland sites and the other gradient categories. Perhaps the
most important factor is light intensity. While access to moisture plays a vital role in lichen
growth and development, the amount of light available to lichens impacts their ability to
photosynthesize at an optimal rate (Harris 1972). While the lowland sites may have provided
more moisture than the upland sites, a greater light intensity in the upland sites could explain the
significantly higher mean richness and coverage values. Other potential factors include the age of
the forest community, microsite conditions, and the rate of primary productivity (plant growth).

As the forest community ages, the continued presence of older oak trees will provide stable

12



habitat for crustose lichens to colonize (Ranius et al. 2008b). Given the relatively young age of
SRSF, the low biodiversity of lichens on the oak species sampled has the potential to increase
with time. Microsite conditions such as rain tracks on tree trunks (Ranius et al. 2008b), bark pH
(Bates 1992), bark hardness (Culberson 1955), bark eutrophication as a result of agriculture
(Loppi and Dominicis 1996), or the reduced light conditions as a result of high rates of plant
growth also have the potential to impact the lichen richness and coverage within SRSF.
Including these variables in future studies would provide a more holistic view of how lichen
biodiversity is determined by the ecosystem.

The sugar maples at SRSF recorded higher lichen richness and coverage than the oak
species. This result is surprising based upon the decline in lichen biodiversity on oaks recorded
in other studies as a result of understory growth in oak pastures (Paltto et al. 2010; Paltto et al.
2011), historical habitat density (Ranius et al. 2008a), or tree age (Ranius et al. 2008b; Claesson
2009; Johansson et al. 2009; Svoboda et al. 2010). Most of these studies focused on endangered
or threatened crustose lichen species. The results from these studies are from lichens and
conditions much different from this study. It should be noted, however, that qualitative
observations of the oak species in this study revealed a relatively high occurrence of the dust
lichen, Lepraria lobificans, in the bark crevices. It is possible that as the oaks at SRSF continue
to age, the biodiversity and abundance of crustose lichens will increase as well (Ranius et al.
2008a; Claesson 2009; Johansson et al. 2009; Paltto et al. 2010; Svoboda et al. 2010; Paltto et al.
2011).

Based upon the results of this study, no direct implications on forest management can be
made. However, continuing the oak regeneration forest management efforts as proposed by the

IDNR Division of Forestry cannot be understated. Thinning of sugar maples and opening up
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gaps in the canopy will allow sunlight to reach the forest floor and promote lichen biodiversity
and indirectly promote the overall health of SRSF. Additional forest management practices
recommended by other studies that could be incorporated into the Division of Forestry’s
management plan include: protecting old oaks in the canopy (Neitlich and McCune 1997),
promoting stand continuity (Boch et al. 2013), and promoting the presence and success of native
deciduous tree species (Root et al. 2010). Allowing old oaks to thrive in the canopy will provide
a long-living, stable substrate on which more lichen species can colonize over time (Ranius et al.
2008b). Preventing fragmentation of the forest also will provide continuous tracts of forest
required by some lichen species (Boch et al. 2013). Active replacement of white pine (Pinus
strobus) trees after death with native hardwoods also would encourage the development of a
native and biodiverse lichen community within SRSF. Combined use of each of these forest
management methods will enhance the lichen biodiversity at SRSF and indirectly promote a
healthier forest ecosystem.
CONCLUSION

The overall, relatively high lichen biodiversity of Salamonie River State Forest and its
implications for the health of the forest community were overshadowed by the dominance of
Phaeophyscia rubropulchra throughout the entire sampling area. The significantly higher
coverage of this species has the potential to lower the biodiversity of the lichen community when
the presence of sugar maples in the understory shifts to a maple-dominant canopy. Low
biodiversity on oak species may be due to the young age of the forest (approximately 80 years)
and the limited sampling parameters of this study. High richness and coverage in the upland sites
may be better explained by an expanded model which could include more abiotic factors. Light

intensity, forest age, microsite conditions, and the abundance of other vegetation are variables
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that should be considered. Further studies incorporating these factors would allow for better
monitoring of changes in the lichen community.

Based on the results of this study, no direct implications on forest management can be
made. However, given the current shift in canopy structure, foresters at SRSF should continue
their management efforts involving sugar maple thinning and opening of gaps in the forest
canopy. It also is recommended that practices such as maintaining stand continuity, keeping old
oaks in the canopy, and replacing white pine with native hardwoods be incorporated into the
management plan for SRSF. These silvicultural techniques can help enhance the lichen richness
and coverage in the forest and indirectly boost the health of the forest community.
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TABLES AND FIGURES
Table 1. List of recorded tree species and lichen species at Salamonie River State Forest. Species

of statistical and ecological significance are bolded.

Tree Species (18)

Red Maple (Acer rubrum)

Sugar Maple (Acer saccharum)
Northern Hackberry (Celtis occidentalis)
American Beech (Fagus grandifolia)
Black Walnut (Juglans nigra)
Tulip Poplar (Liriodendron tulipifera)
Osage Orange (Maclura pomifera)
Eastern White Pine (Pinus strobus)
American Sycamore (Platanus occidentalis)
Wild Black Cherry (Prunus serotina)
White Oak (Quercus alba)
Swamp White Oak (Quercus bicolor)
Rock Chestnut Oak (Quercus prinus)
Red Oak (Quercus rubra)

Black Oak (Querus velutina)
Basswood (Tilia americana)
American EIm (Ulmus americana)

Slippery Elm (Ulmus rubra)

Lichen Species (11)
Candelaria concolor
Flavoparmelia caperata
Parmelia sulcata
Parmotrema hypotropum
Phaeophyscia pusilloides
Phaeophyscia rubropulchra
Physcia millegrana
Physcia stellaris
Physconia detersa
Punctelia caseana

Punctelia rudecta
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Table 2. List of overall lichen species occurrences as percents.

Lichen Species Name Percent | N
CACO64 Candelaria concolor 17 72
FLCA2 Flavoparmelia caperata <1 2
PARY7 Parmotrema hypotropum <1 1
PASUG3 Parmelia sulcata 3 12
PHDEG61 Physconia detersa <1l 1
PHMI15 Physcia millegrana 9 40
PHPU18 Phaeophyscia pusilloides 13 55
PHRU4 Phaeophyscia rubropulchra 47 202
PHST60 Physcia stellaris <1 1
PURU2 Punctelia caseana 9 40
PUSU5 Punctelia rudecta <1 1

Total 427
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Table 3. List of lichen species occurrences along the moisture gradient with total occurrences.

Moisture Gradients
Lichen Species | Lowland | Intermediate | Upland | Total
CACO4 39 4 29 72
FLCA2 0 1 2 3
PASUG3 0 0 12 12
PAHY7 0 0 1 1
PHPU18 35 0 20 95
PHRU4 83 55 64 202
PHMI15 22 13 5 40
PHST60 0 1 0 1
PHDEG1 0 1 0 1
PUSU5 9 24 7 40
PURU2 0 0 1 1
Total 189 101 144
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Table 4. Statistical output of general regression for square root of lichen coverage (percent)

versus diameter breast height, mean crevice depth, and moisture gradient.

General Regression Analysis: sqrt Percent Lichen Coverage versus dbh,
Mean Crevice Depth, Gradient

Regression Equation

Gradient

1 sgrtLC = 2.29372 - 0.00761724 dbh - 0.608964 MeanCD
2 sqrtLC = 1.61252 - 0.00761724 dbh - 0.608964 MeanCD
3 sgrtLC = 1.69577 - 0.00761724 dbh - 0.608964 MeanCD

Coefficients

Term Coef SE Coef T P
Constant 1.86734  0.167478 11.1497 0.000
Gradient
1 0.42639 0.091934 4.6380 0.000
2 -0.25482 0.093015 -2.7395 0.007
dbh -0.00762 0.006033 -1.2626 0.208

MeanCD -0.60896 0.127261 -4.7852 0.000
Summary of Model

S=1.07361 R-Sq=15.52%  R-Sq(adj) = 14.41%
PRESS = 361.156 R-Sq(pred) = 12.93%
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Table 5. Statistical output from Kruskal-Wallis nonparametric test for mean lichen coverage

(percent) versus moisture gradient.

Kruskal-Wallis Test: LC% versus Gradient

Kruskal-Wallis Test on LC%

Gradient N Median AveRank Z

1 101 1.3846 182.7 3.80

2 94 0.2636 1349 -2.61

3 114 0.3091 147.0 -1.21
Overall 309 155.0

H=15.40 DF=2 P =0.000
H=15.86 DF=2 P=0.000 (adjusted for ties)

23



Table 6. Statistical output from Kruskal-Wallis nonparametric test for mean lichen richness

versus moisture gradient.

Kruskal-Wallis Test: No. Lichen versus Gradient
Kruskal-Wallis Test on No. Lichen

Gradient N Median Ave Rank Z
1 101 2.000 189.8 4.77
2 94 1.000 139.3 -2.04
3 114 1.000 137.1 -2.69
Overall 309 155.0

H=22.76 DF=2 P =0.000
H=24.29 DF=2 P =0.000 (adjusted for ties)
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Figure 1. Aerial photo view of Salamonie River State Forest with each study site labeled.

Figure 2. Pie graph illustrating overall occurrence of lichen species.

Figure 3. Bar graph of relative distribution of lichen species on trees along the moisture
gradient.

Figure 4a. Lichen richness along the moisture gradient.

Figure 4b. Mean lichen richness along the moisture gradient (means followed by the same letter
are not significantly different at the a = 0.05 level).

Figure 4c. Mean lichen coverage (percent) along the moisture gradient (means followed by the
same letter are not significantly different at the oo = 0.05 level).

Figure 5a. Mean lichen coverage (percent) of Phaeophyscia rubropulchra along the moisture
gradient (means followed by the same letter are not significantly different at the a. = 0.05
level).

Figure 5b. Mean lichen coverage (percent) of Phaeophyscia pusilloides along the moisture
gradient (means followed by the same letter are not significantly different at the a. = 0.05
level).

Figure 5c. Mean lichen coverage (percent) of Punctelia caseana along the moisture gradient
(means followed by the same letter are not significantly different at the o = 0.05 level).

Figure 6a. Lichen richness on sugar maples and oak species.

Figure 6b. Mean lichen richness on sugar maples and oak species (means followed by the same
letter are not significantly different at the o = 0.05 level).

Figure 6¢. Mean lichen coverage on sugar maples and oak species (means followed by the same

letter are not significantly different at the o = 0.05 level).
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Figure 1.

Lichen Biodiversity Survey Sampling Plots at Salamonie River State Forest, Wabash County, Indiana
by Maggie Kubina
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Figure 2.

Overall Occurrence of Lichen Species
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Figure 3.

Percent of Trees with Lichen Species Present
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Figure 4 a-c.
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Figure 5 a-c.
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Figure 6 a-c.
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Appendix A

Figure 1 a-d. Photographs of Plot 2 at 0, 90, 180, and 270 degrees, respectively.
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Figure 2 a-c. Photographs of Plot 3 at 0, 90, and 180 degrees, respectively.
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Figure 3 a-d. Photographs of Plot 4 at 0, 90, 180, and 270 degrees, respectively.
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Figure 4 a-d. Photographs of Plot 5 at 0, 90, 180, and 270 degrees, respectively.
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Figure 5 a-c. Photographs of Plot 7 at 90, 180, and 270 degrees, respectively.
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