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ABSTRACT

RELATIONSHIPS BETWEEN SILVICULTURE, LICHEN DIVERSITY AND WOODLAND
CARIBOU (RANGIFER TARANDUS CARIBOU) IN NORTHERN ONTARIO
Richard Troy McMullin
University of Guelph, 2011

Advisor:
Professor Steven G. Newmaster

The number of forest dwelling woodland caribou (Ranger tarandus caribou) in Ontario is
declining. One of the reasons believed to be causing this decline is a reduction in critical habitat
due to harvesting and post-harvest management practices. Critical habitat for woodland caribou
includes a large amount of lichen biomass, which is their primary winter forage. In this study, the
environmental variables that are most important for explaining lichen diversity are determined
and the influence that silvicultural practices have on these variables is assessed. A method for
estimating lichen biomass at the stand level was developed so comparisons could be made
between forest stands and different silvicultural practices. This method requires the identification
of individual lichen species. Therefore, a key and species descriptions are provided for all the
fruticose lichen species in Ontario, which is the form of all the species that occurred with a high
biomass in the stands assessed. Using these tools and the method developed for estimating lichen
biomass, the lichen richness and biomass in forest stands across northern Ontario were examined
and compared. The variables that were most important for explaining lichen richness were the
number of microhabitats, the variation in the amount of light coming through the canopy and the
stand age. For lichen biomass, the most important explanatory variables were the total amount of
light coming through the canopy, stand age and sandy soil. Silvicultural treatments were found to
have an effect on lichen diversity in the short-term (1 yr) and the long term (25-40 yrs). Lichens
exhibited different tolerances to herbicides ranging from no effect to 100% mortality one year

post-treatment. The long-term effects of herbicides and planting were found to alter lichen
communities. Stands with herbicide treatments also had less lichen biomass than the rest of the
stands examined. The creation or conservation of mature forest stands on sandy soil with low
canopy closure and high structural complexity should help preserve lichen richness and biomass
in the eastern boreal forests of North America. If lichen diversity is not managed, consequences
may include an increase in soil erosion, altered nutrient exchanges, or a decline in the organisms
that rely on lichens, such as the woodland caribou.
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CHAPTER ONE
INTRODUCTION
The boreal forest
The boreal forest occurs throughout the northern hemisphere where it comprises 10% of
the Earth‟s land cover (Natural Resources Canada 2005). Thirty percent of the world‟s boreal
forest is in Canada (Canadian Council of Forest Ministers 2006). Of the 402 million ha of
forested land in Canada, 310 million ha (77%) are boreal forest, 295.8 million ha of which (95%)
are not protected and, therefore, may be harvested (Natural Resources Canada 2005). Forested
land in Canada is important economically, forest products contributed $39.5 billion to the
country‟s economy in 2004, but they are also important ecologically as approximately 93,000
species in Canada are thought to rely on forest ecosystems to survive (Natural Resources Canada
2005). To avoid the loss of species diversity and maintain ecosystem functioning, forest
management strategies must take into account biodiversity conservation.
There are potential negative effects for biodiversity in Canadian forests as a result of
timber management operations through the creation of roads, timber harvesting, pesticide use,
and the suppression of fire (Cumming 1992; Chubbs 1993; Duinker 1996; Smith et al. 2000).
There are 577 species designated to be at risk of extinction by the Committee on the Status of
Endangered Wildlife in Canada (COSEWIC 2008), over 300 (52%) of which rely on forest
ecosystems for survival (Canadian Council of Forest Ministers 2006). The management of these
species is multifaceted and complex, but protecting the habitat of umbrella species, species at
risk that are selected for large management decisions, such as the woodland caribou, will
preserve many other species as well (Roberge et al. 2004).
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Woodland caribou
In Canada, large numbers of woodland caribou (Rangifer tarandus caribou) once
inhabited all provinces and territories, except Nunavut (Kelsall 1984; Thomas and Gray 2002).
Today, woodland caribou have been extirpated from Nova Scotia, New Brunswick, and Prince
Edward Island, and their numbers are declining across the country (Thomas and Gray 2002;
Natural Resources Canada 2005). In Ontario, populations have either been regionally extirpated
or are declining (Cumming 1998; Thompson 2000; Thomas and Gray 2002; Rettie 2005;
Bergerud et al. 2007). Woodland caribou in Ontario are part of the boreal population known as
the forest-dwelling or woodland caribou, which were assessed as „Vulnerable‟ in 1984 by the
Committee on the Status for Endangered Wildlife in Canada (COSEWIC)(Kelsall 1984). This
population continued to decline and has more recently been designated „Threatened‟ by the
federal Species at Risk Act (SARA), COSEWIC and the Committee on the Status of Species at
Risk in Ontario (COSSARO) (Harris 1999; Thomas and Gray 2002).
The woodland caribou population in Ontario resides in the boreal forest across most of
the province (Thomas and Gray 2002). Members of the species are often found in mature forest
stands rich in lichens, their primary source of food in the winter (Simkin 1965; Ahti and Hepburn
1967; Harris 1999; Wilson 2000; Chowns 2003; Newmaster and Fazekas 2011). Woodland
caribou habitat is being negatively affected by anthropogenic activities in northern Ontario,
particularly timber management (Thomas and Gray 2002; Chowns 2003; Lee 2007) Therefore,
forest managers can play an important role in the conservation of Ontario‟s woodland caribou
population. To create successful management strategies that will prevent further declines of this
species, an understanding of the impact of silvicultural practices on habitat requirements of the
woodland caribou is essential.
2

Woodland caribou makes use of a number of habitats on a seasonal basis. In the summer,
they often use open and treed bogs, fens and lowland forests, while in the winter they are
typically found in mature lowland and upland stands with a high abundance of lichen that are
close to water bodies (Ahti and Hepburn 1967; Thomas and Gray 2002). Due to food scarcity
and climatic severity, the forest stands where they over-winter are crucial for the maintenance of
sustainable populations and will therefore be the focus of this study. Specifically, the long-term
effects of forest management practices on lichen richness and abundance (diversity) will be
examined in the winter habitats of woodland caribou in Ontario.

Lichens
Lichens are composite organisms primarily comprised of a mycobiont (fungus)
and a photobiont (green algae and/or cyanobacteria) (Smith et al. 2010). Free-living or nonlichenized mycobionts and photobionts are unable to survive in many environments that they can
inhabit while lichenized (Nash 2008). As a result, lichens have colonized most terrestrial
environments on Earth. Currently 17,500 species are known (Feurer and Hawksworth 2007),
with an additional 10,500 forecasted to exist, but that have not yet been discovered (Lücking et
al. 2009). Ecologically, lichens are an important contributor to nutrient cycling (Pike 1978;
Knops et al. 1991; Rhoades 1995), soil stabilization (Belnap and Lange, 2001) and they provide
food and habitat for many invertebrates and vertebrates, including woodland caribou (Ahti and
Hepburn 1967; Brodo and Hawksworth 1977; Richardson and Young 1977; Hayward and
Rosentreter 1994; Sharnoff 1994).
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The structural form, colour and chemistry of lichens is highly variable among species
(Smith et al. 2009). Lichen growth forms have been grouped into three broad categories:
fruticose - branched, pendent or tufted, typically with no distinct upper and lower surface; foliose
- leafy, typically dorsiventral; and crustose - crusts that grow within a substrate (McMullin and
Newmaster 2010). Several species with a fruticose growth form have the highest lichen biomass
of all lichens occurring in Ontario‟s boreal forest. Lichen species with high biomass are eaten by
woodland caribou in the winter months including: Cladonia rangiferina, Cladonia arbuscula s.l.,
Cladonia stellaris, Bryoria spp., Usnea spp., Alectoria spp., and Evernia mesomorpha (Ahti and
Hepburn 1967; Bergerud 1972; Rominger et al. 1996).
Lichens obtain their mineral nutrients through precipitation and atmospheric particulates
(Richardson 1975; Nash 2008; Smith et al. 2009). The photobiont produces mobile
carbohydrates through photosynthesis that are passed onto the mycobiont (Richardson et al.
1967; Neiboer et al. 1978). Both terricolous and arboreal lichens are high in carbohydrates, but
arboreal lichens, such as the genera Usnea, Alectoria, Bryoria and Evernia, have a higher
nutritive value than terricolous lichens, particularly in terms of protein (Karev 1956 cited in Ahti
and Hepburn 1967; Scotter 1966). Lichens, while a source of energy, provide poor nutrition for
woodland caribou which lose muscle mass during the winter to compensate for the low intake of
protein (Swick and Benevenga 1977; Robbins 1993; Parker et al. 2005). Vascular plants, where
available, may also supplement the diet of these animals in the winter (Ahti and Hepburn 1967).
Many lichen species are specific to host substrates. For example, some species will only
colonize particular tree species that have required bark properties (Esseen, 1981; Kuusinen,
1996; McMullin 2008). Lichen diversity is not shaped by substrate alone, it is also influenced by
environmental variables such as light and moisture (Coxson and Coyle, 2003; Coxson and
4

Stevenson, 2007; McMullin 2010). The structural complexity of a forest, therefore, can shape the
lichen communities and species abundances within them (McMullin 2010). Forest management
in the boreal forest may have long-term effects on structural complexity, which shapes lichen
diversity and influences the winter habitat of the woodland caribou. These effects, however, have
not been well-studied in Canadian boreal forests.

Objectives
The purpose of this research project was to better understand the effects of forest
management in Ontario‟s boreal forest on lichen diversity and, therefore, the winter habitat of
woodland caribou. To achieve this goal, the objectives of each chapter were as follows:
Chapter 2 – 1. Identify the lichen species that occur in high enough biomass to serve as a
food source for woodland caribou in Ontario. 2. Develop and test a method to estimate
accurately and efficiently the stand level lichen biomass available to woodland caribou.
Chapter 3 – 1. Determine the short term effects of herbicides, commonly applied by the
forestry industry in Ontario, on lichen diversity. 2. Group the lichen species by their tolerance to
herbicides. 3. Identify morphological or chemical traits associated with herbicide tolerance
classes.
Chapter 4 – 1. Compare the long-term effects of tree planting, herbicide applications
(glyphosate and 2,4-D) on lichen richness and abundance (biomass) in Ontario‟s boreal forest
using natural burns as controls.
Chapter 5 – 1. Determine the environmental variables that are most important for high
lichen richness and abundance (biomass). 2. Identify the age of the forest when the structural
5

complexity and environmental variables most important for increasing lichen diversity begin to
develop.
Chapter 6 – 1. Build a comprehensive dichotomous identification key to the fruticose
lichen species of Ontario. 2. Provide detailed descriptions of the diagnostics and microhabitat
preferences of the lichen species occurring in high enough abundance to serve as a winter food
source for woodland caribou.
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CHAPTER TWO
ESTIMATING THE BIOMASS OF WOODLAND CARIBOU FORAGE LICHEN
This chapter was previously published as:
McMullin, R.T., I.D. Thompson, B.W. Lacey, and S.G. Newmaster. 2011. Estimating the biomass
of woodland caribou forage lichens. Canadian Journal of Forest Research 41: 1961–1969.

Abstract
Lichens are an important winter food source for woodland caribou (Rangifer tarandus
caribou), but quantifying their abundance is difficult. Here, we present an efficient method for
assessing lichen biomass at the stand level in boreal forests. We measured lichens occurring in
high enough abundance to serve as a winter food source for woodland caribou in 51 boreal forest
stands. Samples of each species or genus were collected from each stand and a mean abundance
(cover) to biomass ratio was established. The method does not require samples to be collected or
weighed, due to this predetermined relationship, and it also accounts for the variation in biomass
among lichen species that are equally abundant. The variation in lichen growth between stands
was assessed by means of five lichen abundance classes. The proposed method was tested in 34
stands with a wide range of ages and stem densities. The average time to complete a lichen
biomass assessment was approximately 2 hours. This method is an efficient and accurate tool
that can assist forest managers and researchers with ecological studies on lichens or with
monitoring changes in lichen biomass over time and with habitat assessments for organisms for
which lichens are important, such as woodland caribou.
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Introduction
Lichens provide food and shelter or nesting materials for many vertebrates and
invertebrates (Sharnoff 1994; Gauslaa 2008). Nest builders that use lichens include marbled
murrelet (Brachyramphus marmoratus) (Singer et al. 1991) and northern flying squirrels
(Glacoumys sabrinus) (Hayward and Resentreter 1994). Large animals known to forage on
lichens include mule deer (Odocoileus hemionus) (Ward and Marcum 2005), white-tailed deer
(Odocoileus virginianus) (Lafort et al. 2007), and woodland caribou (Rangifer tarandus
caribou). Woodland caribou use lichens as their primary food source in the winter (Ahti and
Hepburn 1967; Bergerud 1972; Chowns 2003). Accurately determining the amount of lichen in
forest stands is important for understanding habitat requirements and the effects of disturbances
on lichens (Webb 1998; Stone et al. 2008). Further, characterization of caribou habitats often
includes an assessment of lichen biomass (Arseneault et al. 1997; Proceviat et al. 2003; Stone et
al. 2008), but methods used for determining biomass are inconsistent, which is essential to
enable comparisons.
Terrestrial and arboreal lichen species are important food sources for woodland caribou.
In winter, these caribou dig through the snow and feed on terrestrial lichens and forage on
arboreal lichens growing on the lower branches of trees (Skogland 1978; Goward and Campbell
2005). Although lichens are high in carbohydrates, which provide a source of energy, they are a
poor source of nutrition with low levels of protein; the lack of dietary protein in winter results in
the loss of muscle mass for caribou (Parker et al. 2005). The biomass of terrestrial lichens is
higher than that of arboreal lichens, but the latter have higher levels of protein (Karev 1956 cited
in Ahti and Hepburn 1967; Scotter 1966).
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A variety of methods have been used to estimate biomass, many of which involve
collecting, drying, and weighing lichen samples (Edwards et al. 1960; Wein and Speer 1975;
Crête et al. 1990; Rominger et al. 1994; Esseen et al. 1996; Arseneault et al. 1997; Proceviat et
al. 2003; Goward and Campbell 2005; Gauslaa et al. 2008). These methods, however, are not
practical when a large number of stands have to be assessed because they require considerable
time. Furthermore, while assessing lichen litter-fall is an effective way to determine arboreal
lichen biomass, the amount falling varies annually, which limits comparisons among stands to
the same year (McCune 1994; Berryman and McCune 2006; Price and Hochachka 2001). This
method is only useful when there are large relative differences among stands. In British
Columbia, Armleder et al. (1992) developed a method to visually estimate arboreal lichen
biomass that is efficient, but it is regionally limited and the method only detects large relative
differences between stands.
The purpose of our study was to provide an efficient and accurate method for estimating
arboreal and terrestrial lichen biomass at the stand level for boreal forests. Our method, unlike
many previous techniques, accounts for the variation in biomass among lichen species and the
variation in lichen density among stands. Previous methods that have accounted for such
variation tended to involve the time-consuming process of collecting and weighing samples, but
our method does not. Rather, our method provides users with predetermined lichen abundance to
biomass ratios by genus or species. Therefore, lichen abundance and stem density (of trees, snags
and stumps) are the only measurements required in the field. The method can assist forest
managers and researchers with woodland caribou habitat assessments and other ecological
studies on lichens. We also describe a ground testing of the method in 34 stands with a wide
range of ages and stem densities.
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Methods
Study sites
To determine abundance (area covered) to biomass ratios, we selected 51 forest stands
ranging in age from 20 to 133 years across the managed boreal forest zone of Ontario (Figures
2.1 and 2.2). All stands were on upland sites, with dry, sandy to sandy-loam soils and were
typically inhabited by lichens that were abundant where light levels were high. Tree cover was
dominated by Picea mariana and Pinus banksiana, ground cover was dominated by lichens or
feather mosses, primarily Ptilium crista-castrensis and Pleurozium schreberi. Herbacious plants
and shrubs were comprised primarily of Cornus canadensis, Epigaea repens, Gaultheria
procumbens, Kalmia angustifolia, Ledum groenlandicum, Vaccinium angustifolium, and
Vaccinium myrtilloides. Stands were a minimum of 1 km apart, typically much farther, with a
change in stand age and forest ecosystem classification between any two relatively close stands.
We selected stands using forest resource inventory maps and then checked them to ensure that
they met the conditions for the study. In northeastern Ontario, upland sites are uncommon. The
region (known as the northern Clay Belt) is characterised by clay soils, flat topography, and P.
mariana is the dominant tree cover (Rowe 1972). In northwestern Ontario, upland sites are
common. The region has a rugged and rolling topography, fires are more frequent than in the
east, and the dominant trees are P. mariana and P. banksiana (Rowe 1972).
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Figure 2.1. Location of study sites in northeastern Ontario.

Figure 2.2. Location of study sites in northwestern Ontario.
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Measuring arboreal lichen abundance
We sampled the area covered by lichens on trees, snags, and stumps on plots in 51 forest
stands. In each stand, we established a 100 x 200 m plot >50 m from the stand margin to avoid
possible edge effects (Rheault et al. 2003). In each plot, we selected eleven locations using a
random number generator to determine the number of paces to each location. Assessments were
done at five of the locations on the closest tree that was >10 cm diameter at breast height (DBH),
at three locations on the nearest stump (<1.5 m in height), and at the final three locations on the
nearest snag (>1.5 m tall and >10 cm DBH).
We used a 400 cm2 sheet of clear plexiglass with a 1 cm2 grid on it to measure the area
covered by arboreal lichens. This grid tool was held in sequence directly against the entire area
of the bole and branches between 0.5 and 2.5 m above ground. For stumps and snags <2.5 m,
the tops were included. We held the grid at any angle necessary to account for the different
dimensions of the boles and branches to ensure that all lichen clumps in the 2 m zone were
captured and worked carefully to ensure that none was measured more than once. When
measuring lichen cover, each lichen clump was viewed as a two-dimensional unit on the threedimensional trees, snags and stumps to enable each clump to be measured on the branches and
boles. Measurements where made from a side profile of the widest part of each clump (along the
branches and across boles). Lichen abundance had to be sufficient to cover ≥10% of the 400 cm2
grid to be measured: otherwise amounts were considered trivial. Measuring at each placement of
the grid was done by counting the number of grid cells occupied by lichens, which were then
summed for each tree, to determine the percent cover. Cells that were partially covered were
proportionally combined to be included as whole cells in the assessment. Lichen species that are
difficult to separate in the field were measured at the genus level (i.e., Bryoria spp. and Usnea
18

spp.). In each stand, and for each lichen species occurring in high enough abundance, a 400 cm2
area was collected to be weighed.
Measuring terrestrial lichen abundance
We established five 10 m2 subplots, using a random number generator to determine the
number of paces between subplots (using a maximum of 30 paces), within the 100 x 200 m plot
for each of the 51 stands. Any lichen species occurring on ≥1 m2 of any of the subplots was
collected. To determine the percent cover, we walked the perimeter of each subplot because trees
often limited the view of parts of the plot from a single location. To help determine if the cover
of any species was ≥1 m2 of a subplot, we used a 1 m2 frame to measure more precisely. In each
stand, and for each lichen species occurring in high enough abundance, a 400 cm2 area of lichen
was collected, for weighing.
Converting abundance to biomass
The repetition of species occurring in multiple stands controlled somewhat for natural
variation in growth due to stand structure, microclimate and other environmental variables. We
collected lichen samples in paper bags and air dried them by laying them on cardboard sheets in
a protected area for 3 days. Lichens were washed with water and all debris was removed using
tweezers under a stereo microscope. When dry, we weighed each 400 cm2 area of material for
each species to the nearest 0.01 gram using an analytical balance. The mean mass for each
species across all stands was calculated to provide area covered (400 cm2) to biomass ratios
(Tables 2.1 and 2.2). This predetermined ratio enabled abundance (area covered) to be measured
in the field and converted to biomass data without collecting or weighing samples.
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Results I - determination and measurement of lichens in stands
Arboreal lichens
Among our 51 stands, 25 contained at least one of three lichen genera in abundances
≥10% of a 400 cm2 area. The three genera were: Bryoria, Evernia, and Usnea (Table 2.1). Most
species of Bryoria and Usnea are difficult to distinguish in the field and often grow intermixed,
so we grouped them by genera. The species of Bryoria occurring in the highest abundances were
B. furcellata and B. trichodes ssp. trichodes, with smaller amounts of B. capillaris, B. fuscescens,
B. implexa, B. nadvornikiana, and B. simplicior. The species of Usnea occurring in the highest
abundances were U. cavernosa, U. filipendula, U. scabrata, and U. subfloridana, with smaller
amounts of U. diplotypus, U. hirta, U. lapponica, and U. longissima. Evernia mesomorpha was
the only species found from that genus.
Terrestrial Lichens
We found that 32 stands contained species in ≥10% of a 10 m2 terrestrial plot. Six species
were found from one genus, Cladonia (Table 2.2). We observed that Cladonia arbuscula s.l.
included specimens that were previously considered to be C. mitis (Piercey-Normore et al. 2011).
Within the plots, two subspecies of Cladonia arbuscula s.l. were found but they are difficult to
distinguish in the field and have similar weights, so they were measured together.
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Table 2.1. Mean and standard deviation of arboreal lichen biomass
(g) for a 400 cm2 area.
Arboreal Lichen
Species
Bryoria spp.

Mean
Weight (g)
3.78 (±0.69)

# of Occurrences/51
Stands
16

Evernia mesomorpha

5.67 (±0.92)

17

Usnea spp.

5.87 (±0.95)

11

Table 2.2. Mean and standard deviation of terrestrial lichen biomass (g) for a
400 cm2 area.
Terrestrial Lichen Species

Mean Weight (g)

# of Occurrences/51 Stands

Cladonia arbuscula s lat.

34.37(±11.04)

19

Cladonia gracilis ssp. turbinata

59.58 (±10.06)

6

Cladonia rangiferina

42.00 (±10.54)

25

Cladonia stellaris

46.47 (±10.08)

10

Cladonia stygia

60.58 (±16.28)

10

Cladonia uncialis

41.05 (±14.22)

3

Table 2.3. Arboreal lichen abundance classes and
percentages.
Lichen Abundance
Class
1

Trees/Snags/Stumps
Percent Lichen Cover
< 10%

2

10 – 25%

3

26 – 50%

4

51 – 75%

5

76 – 100%
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Method for calculating stand level lichen biomass
Arboreal lichen biomass
To determine the lichen biomass of a stand, arboreal and terrestrial lichen biomass should
be calculated separately and then combined. We have provided data collection and calculation
sheets (see: Appendix IV),
1. Establish the plots. Using a random number generator or table to determine the
number of paces, randomly establish five circular plots with a 12.6 m radius (500
m2) that do not overlap and are beyond a 50 m buffer to avoid edge effects
(Rheault et al. 2003).
2. Assign cover classes to the trees, snags and stumps. Using Table 2.3, determine the
cover class for all arboreal forage lichens as a group for each tree, snag (>1.5
m in height) and stump (<1.5 m in height) on each of the five plots (Table 2.3).
3. Calculate densities and convert to hectares. On each of the five plots, count the
trees, snags, and stumps in each abundance class, which will provide up to 15
density measurements in each plot. Add the values from each of the five plots
together for the stem density of each group and abundance class for 2,500 m2
(Table 2.3). Multiply the densities and area by 4 to convert to density/ha.
4. Establish the number of units to be measured for lichen biomass. Throughout the five
plots in a stand, the lichen biomass on trees, stumps and snags must be measured
in each of the five abundance classes (Table 2.3). Across the five plots, randomly
select a maximum of ten units each (trees, snags or stumps) or until a stable
variance is achieved (using a minimum of 5 units), which will result in 15
biomass calculations. The number of units required to achieve stable variances
22

may differ among stands; therefore, all abundance classes on all substrates must
be measured in each stand, they cannot be transferred between stands. If
determining stable variance is not possible, sample 10 units, or the maximum
number available if <10, for each group in each cover class. The suggested
sample between 5 and 10 units was determined through 51 trials of each
abundance class where variance always stabilized with <10 units.
5. Measure lichen abundance (area cover). Measure lichen abundance on the
designated trees, snags and stumps selected in step 4 using a 400 cm2 clear
plexiglass sheet with a 1 cm2 grid on it: systematically place the grid over all
areas of the boles and branches between 0.5 and 2.5 m, avoiding overlap, and
record any of the lichen species occurring in ≥10% of the grid, including the tops
of stumps and snags in the assessment. Include lichens on the branches of fallen
trees that are within this zone. The grid can be held at any angle to ensure that all
lichen clumps are captured. View clumps as two dimensional units, even though
the trees, snags and stumps are three dimensional, to allow all lichens to be
measured on the branches and boles in all directions. Measure the area of clumps
from a side profile where they are widest, i.e. along the branches or across the
trunks. Partially covered cells should be proportionally combined with other
partially covered cells to add full cells to the assessment. Group lichens (at a
minimum) into Bryoria spp., Evernia mesomorpha, and Usnea spp. (Table 2.1).
Photographs of genera and species are provided to assist with identifications
(Appendix III).
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6. Convert lichen abundance to biomass. Using the relationships in Table 2.1, convert the
abundance of each lichen species or genus to biomass (g). For example, if, on a
single tree, Bryoria spp. occurred on the grid at ≥10% five separate times, at
50%, 75%, 50%, 30%, and 15%, then the total abundance for this genus on this
tree would be 220% or 2.2 grids. The predetermined data in Table 2.1 is then used
to convert 2.2 grids to biomass: 2.2 x 3.78 g = 8.32 g for that tree.
7. Calculate lichen biomass total for each class. Multiply the average lichen biomass in
each abundance class by their respective densities to determine the biomass (g/ha)
of each class for trees, stumps and snags.
8. Calculate the total arboreal lichen biomass. Add all biomass calculations together
(there will be a maximum of 15 – 5 trees, 5 snags and 5 stumps) to determine the
total arboreal lichen biomass (g/ha) in the stand and then convert g to kg by
multiplying the biomass total by 0.001 (see equation in Figure 2.3).
Terrestrial Lichen Biomass
Using the data collection and calculations sheets (Appendix IV), the steps below describe
how to determine the terrestrial lichen biomass of a stand:
1. Establish plots. Use the centre point of each of the five circular arboreal plots
as the centre to establish five 10 x 10 m plots.
2. Estimate percent coverage of each lichen species. Estimate and record the percent
cover of any lichen species occurring on ≥10% of each of the plots. To do this,
place a 1 m2 frame over areas where lichens are present to help estimate

the

percent cover of each species. Lichen species that make up ≥10% of the area,
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usually Cladonia gracilis ssp. turbinata, C. rangiferina, C. stellaris, C. stygia, C.
uncialis, C. arbuscula, should be recorded. See images and the key to terrestrial
lichens found in our study that occur with high biomass (Appendix III) for
assistance with identifications.
3. Combine the area totals of each species over the five plots. Add the total area
of each species in each of the five plots to determine the area coverage of each
lichen per 500 m2.
4. Convert to hectares. Calculate the abundance of each species per ha (10,000 m2) by
multiplying the area (500 m2) and percent cover of each species by 20.
5. Convert abundance (area covered) to biomass. Use the predetermined values in
Table 2.2 to convert abundance (% cover) to biomass (g) for each species.
6. Sum all biomass calculations. Add the total biomass from each lichen species to
determine the total terrestrial biomass (g/ha) for a stand.
7. Convert to kilograms per hectare. Convert g to kg by multiplying the lichen
biomass by 0.001.
8. Combine arboreal and terrestrial lichen biomass. Add the total terrestrial and
arboreal lichen biomass to determine the lichen biomass kg/ha of a stand below
2.5 m (see equation in Figure 2.3).
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Where:
LAC = Lichen Abundance Class
SD = Stem Density

Figure 2.3. Equation for calculating stand level lichen biomass.
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Results II - Applying the method
Using the method described, 34 stands in northeastern Ontario were assessed for lichen
biomass to test our method (Figure 2.1). Sites were selected to cover a range of stand ages (20 to
133 yrs) and a range of stem densities (226 to 1334 stems/ha). Estimates of lichen biomass/stand
among the 34 stands ranged from 1 to 9677 kg/ha, with a mean of 3124 ± 3174 kg/ha (Table
2.4). Young stands (<40 years old) or stands with a high stem density (>850 stems/ha) generally
had relatively low arboreal and terrestrial lichen biomass. If only mature stands are considered,
then estimated biomass was considerably higher. Seven mature stands had the highest biomass,
with values ranging from 7889 to 9677 kg/ha (Table 2.4). The terrestrial lichen species produced
a greater amount of biomass than the arboreal species (Table 2.5). The individual species with
the highest mean biomass in all 34 stands (986 ±1497 kg/ha) was C. stygia. Throughout the
seven stands with the highest total biomass the species with the highest mean biomass values
were C. rangiferina and C. stygia (3652 ±1629 kg/ha and 3598 ±716 kg/ha, respectively).
Based on these test stands, the average time to complete an arboreal lichen biomass
assessment was approximately 1.3 hrs per stand and a terrestrial assessment took approximately
0.5 hrs. Data collection tables with step by step calculations for these methods are available in
Appendix IV.
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Table 2.4. Mean and standard deviation of the lichen biomass totals for the 34 stands
assessed and the seven stands with the highest lichen biomass.

Lichen Biomass – Stand Total (kg/ha)

Mean of All 34 Stands
3124.12 (±3173.99)
3.73 (±2.87)

5.22 (±2.18)

3120.39 (±3173.43)

8495.08 (±663.98)

48.09 (±32.15)

69.29 (±34.93)

794.74 (±303.04)

718.86 (±377.23)

18.51 (±8.87)

15.40 (±3.30)

Lichen Biomass - Arboreal (kg/ha)
Lichen Biomass - Terrestrial (kg/ha)
Age Range (years)
Stem Density (stems/ha)
2

Basal Area (m

Mean of the 7 Stands with
the Highest Biomass
8500.30 (±665.24)

/ha)
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Table 2.5. Mean and standard deviation of lichen biomass totals for species and genera and their number of occurrences in all 34
stands assessed and for the seven stands with the highest lichen biomass.
Species

Mean Lichen Biomass
(kg/ha) in all 34 Stands

# of
Occurrences
in all 34 Stands

Mean Lichen Biomass
(kg/ha) in the highest
7 Stands

# of Occurrences
in the highest 7
Stands

Arboreal Lichen Species
Bryoria spp.

1.34 (±1.9)

30

2.47 (±1.67)

7

Evernia mesomorpha

1.86 (±1.5)

33

2.57 (±0.92)

7

Usnea spp.

0.54 (±0.64)

30

0.18 (±0.15)

6

926.81 (±1074)

28

Terrestrial Lichen Species
Cladonia arbuscula s. lat.

638.08 (±569.85)

6

9

159.87 (±273.09)

3

24

3651.93 (±1628.82)

7

18

245.88 (±332.22)

6

985.7 (±1496.53)

13

3597.73 (±715.98)

7

41.5 (±147.18)

4

201.58 (±285.48)

4

Cladonia gracilis ssp. turbinata

100.85 (±279.29)

Cladonia rangferina

837.99 (±1627.77)

Cladonia stellaris

227.53 (±322.5)

Cladonia stygia
Cladonia uncialis
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Discussion
Our method was successfully used to efficiently assess the lichen biomass in 34 forest
stands. One measurement developed, however, which is not consistent throughout the boreal
forest, is the height of the area to be measured. The height on trees within which we measured
lichens (0.5-2.5 m) reflects proportional heights achievable by woodland caribou from the
ground or snow line (Johnson et al. 2001), but only in areas without mountains or steep slopes.
Armleder et al. (1992) measured arboreal biomass in British Columbia up to 4.5 m on slopes
because the topography provided caribou with higher access on the upslope side. Therefore, our
method should be adjusted in mountainous regions to account for slopes. All fallen branches
within the zone measured should also be included in the biomass assessment because they have
been shown to provide winter forage for woodland caribou (Rominger and Oldemeyer 1989;
Terry et al. 2000).
Our terrestrial sampling design was based on the methods tested by Moen et al. (2007).
They used a square plot and compared a within-plot grid using the point-intercept method with a
visual estimate for measuring lichen biomass and found similar results with each method. Visual
estimations are more rapid, but they are highly subjective (Floyd and Anderson 1987). In our
study, to maximize efficiency, we also used visual estimates, but trained individuals using a 1 m2
grid can reduce the subjectivity of a visual estimate. Further, because terrestrial lichens are
visually estimated on a two-dimensional surface, observer bias will likely be less than from the
multidimensional surface occupied by arboreal lichens.
The genus Cladonia made up all of the terrestrial biomass that we measured. The
reindeer lichen group (subgenus Cladina) was the most abundant. This latter group is composed
of C. arbuscula s. l., C. rangiferina, C. stellaris, and C. stygia. Other reindeer lichens were
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encountered with abundances too small to sample. Reindeer lichens have been regularly reported
to be forage for caribou (Scotter 1963; Ahti and Hepburn 1967; Arseneault et al. 1997), but one
species that occurred in high abundance and that has been uncommonly reported is C. stygia.
Studies on caribou forage and terrestrial lichens prioir to 1984 included C. stygia within C.
rangiferina (Ahti 1984). C. stygia is an often overlooked species (Ahti and Hyvönen 1985), but
was prominent in the stands that were examined. During preliminary research, C. stygia was
observed to be associated with large mats of C. stellaris, particularly in older forests. We
generally found that C. arbuscula s.l. and C. rangiferina typically co-occurred in younger stands.
These observations were consistent with studies reporting that succession of post-fire lichen
regeneration in the boreal forest begins predominantly with C. arbuscula s.l., and C. rangiferina,
followed by C. stellaris (Maikawa and Kershaw 1976; Morneau and Payette 1989; Webb 1998).
Three arboreal lichen genera found in highest abundance (≥10% of a 400 cm2 grid) were
Bryoria, Evernia and Usnea. In northwestern Ontario, we found that the abundances of these
genera were similar, but in northeastern Ontario, species of Bryoria occurred in greatest
abundance. All three of these genera are reported as caribou forage (Ahti and Hepburn 1967;
Goward and Cambell 2005; Bunnell et al. 2007). These three genera developed their highest
biomass on trees with a DBH >16 cm (Boudreault et al. 2009). Boudreault et al. (2009) also
showed that Bryoria and Usnea spp. achieved their highest biomass in stands between 100 and
200 years following a fire. Their results supported our findings that the older the stand and the
lower the stem density, the greater the lichen biomass.
Environmental conditions affect the amount of lichen biomass in individual forest stands.
The amount of light received while the thalli are wet will influence growth (Harris and Kershaw
1971; Palmqvist and Sundberg 2000). The amount of light and moisture received by lichens is
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affected by stand structure and topography (Berryman and McCune 2006; McMullin et al. 2010).
Other environmental variables such as temperature (Gaio-Oliveira et al. 2004), air pollution
(Nash and Gries 1995), acid rain (Scott and Hutchinson 1987), elevation (Berryman and McCune
2006), and substratum (McMullin et al. 2008) also influence the development of arboreal and
terrestrial lichen biomass. Reindeer lichen growth is further influenced by mat thickness and the
basal area begins to decay when they reach their maximum size (Sveinbjörnsson 1987). Due to
the large number of environmental conditions that influence lichen biomass, no assumption can
be made that similar stands have similar amounts of biomass; they should all be assessed
individually
An accurate and efficient method for calculating lichen biomass is important for
assessing and comparing among forest stands. Previous methods for calculating lichen biomass
had considerable time limitations or were purely visual estimates of biomass over large areas.
Our method will enable forest managers to effectively assess and monitor changes in arboreal
and ground lichens in a stand over time. Our predetermined ratios were calculated for species in
Ontario but most of these species occur throughout the boreal forest making the method
applicable across Canada. In areas where other lichen species may be common, biomass ratios
can readily be determined for the different species by following the steps in the Methods section
of this chapter.
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CHAPTER THREE
THE EFFECTS OF TRICLOPYR AND GLYPHOSATE ON LICHENS

This chapter was previously published as:
McMullin, R.T, W.F. Bell, and S.G. Newmaster. 2011. The effects of triclopyr and glyphosate on
lichens. Forest Ecology and Management. 264: 90-97.

Abstract
Two commonly used silvicultural herbicides (triclopyr and glyphosate) were examined
for their effects on lichens in northeastern Ontario. One hundred 1 m plots were randomly
established throughout a single, open canopy forest stand with tree cover dominated by Picea
mariana and Pinus banksiana and ground cover dominated by lichens. Herbicides were applied
to the plots along a gradient of concentrations ranging from 0.71 to 6.72 kg acid equivilant ha-1.
The pre- and 1 year post-application abundance (percent cover) of 25 lichen species in 1 m plots
were compared. Triclopyr and glyphosate reduced the abundance of 40% and 56% of the lichen
species studied, respectively. Tolerance to these herbicides varied among lichen species and a
cluster analysis was used to define four tolerance classes. Analysis of variance was used to
compare lichen abundance among the tolerance classes and multivariate analysis (canonical
correspondence) was used to explore variation in lichen abundance as constrained by species
traits post-herbicide application. Except for Trapeliopsis granulosa, the most herbicide sensitive
species were richly branched. The species with the highest mortality were Bryoria furcellata,
Cladonia uncialis, and T. granulosa. In general, lichen response to herbicide treatments cannot
be assessed using ecological units; species must be considered individually or, as proposed here,
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by tolerance class. Study results provide forest managers with improved understanding of the
effects of herbicide applications on non-target organisms.

Introduction
Lichens are an important component of forest ecosystems. Their functions include
contributing to nutrient cycling (Neiboer et al. 1978; Pike 1978; Knops et al. 1991), stabilizing
soil (Belnap and Lange 2001), and providing food and nesting materials for vertebrates and
invertebrates (Richardson and Young 1977; Sharnoff 1994; Gauslaa 2008; Cameron 2009).
Herbicides applied to forest ecosystems can reach non-target organisms and many of these nontarget effects are not well understood, including those on lichens (Newmaster et al. 1999;
Newmaster and Bell 2002).
The acid equivalent (a.e.) in two of the herbicides commonly applied operationally in
forest ecosystems are triclopyr (3,5,6-trichloro-2-pyridinyloxyacetic acid) and glyphosate (N[phosphonomethyl] glycine) (CCFM, 2011). Both are designed to promote the growth of desired
conifer trees by removing competing deciduous vegetation. Triclopyr (formulated as Release©
for forestry use) affects most dicots; when applied in low concentrations it increases protein
synthesis and causes uncontrolled cell division while at high concentrations it inhibits cell
division (Senseman 2007). Glyphosate (formulated as Vision© for forestry use) affects most
monocots and dicots by inhibiting protein synthesis and therefore growth (Senseman 2007).
Research results on the effects of these two herbicides on lichens are inconsistent.
Newmaster et al. (1999) studied the effects of triclopyr and glyphosate on lichens and bryophytes
in northern Ontario. They applied concentrations on a gradient starting below and ending above
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standard operational rates: 0–12 L ha_1 (1–6 kg a.e. ha-1). Survivorship of the lichen
communities overall corresponded with application rates. Standard operational application rates
reduced lichen diversity significantly in the first 6 months post-application, followed by a slight,
but not significant, increase in diversity after 2 years. Mallik et al. (2002) investigated the effects
of glyphosate on all flora in a forest ecosystem and found that all lichen species in the genus
Cladonia subgenus Cladina died within 3 years after a single application at standard operational
rates. In a further study, Newmaster and Bell (2002) found that triclopyr and glyphosate
negatively affected lichen communities. Mihajlovich and Blake (2004), however, reported that
glyphosate (applied at 2, 4, and 6 L ha-1) did not affect the three lichen species (Cladonia
cenotea, Cladonia rangiferina and Cladonia stellaris) they examined 10 months post-treatment.
Perkins and Marrs (1990) also indicated that terrestrial lichens showed few effects following
herbicide application.
Related research supports herbicides having an effect on lichens. In Finland, Siltanen
et al. (1981) found triclopyr and glyphosate residue in lichens 13 and 9 months post
application, respectively. The amount of residue was correlated with the concentration
applied, and the lichens treated with glyphosate had proportionately more residue. Residue
does not mean there was an effect, but if an effect does occur it may be correlated with the
amount of residual herbicide. Both fungi and algae, the two main components that comprise
lichens (Nash 2008), have been shown to be sensitive to herbicides individually. Estok et al.
(1989) studied three types of mycorrhizal fungi that were all negatively affected by the
presences of both triclopyr, at a concentration of 480 g L-1, and glyphosate, at a concentration
of 336 g L-1. The effect of glyphosate on the alga Scenedesmus quadricauda was examined in
a reaction flask by Wong (2000). He found that glyphosate, at a concentration of 2 mg L-1 or
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more, reduced the growth, photosynthesis, and chlorophyll-a synthesis of this alga. Herbicides
other than triclopyr and glyphosate have also been shown to have negative effects on lichens
(Kallio and Kärenlampi 1977; Howes 1986).
Understanding the effects of herbicides on all ecosystem components is important as they
are applied to large areas of forest annually; for example, in 2009 a total of 238, 802 ha were
treated across Canada (CCFM, 2011). Moreover, a key aspect of forest certification and of
sustainable management is that there are limited long-term effects from herbicides. Therefore, the
objective of this study was to better understand the effects of triclopyr and glyphosate applications
on lichens by (1) examining the tolerance of individual species by comparing abundance (percent
cover) pre- and one year post-application, (2) grouping species based on their tolerance to the
herbicides, (3) comparing lichen abundance among tolerance classes, and (4) investigating species
traits that may help to explain variability in tolerance.

42

Methods

Study site
One forest stand was selected in the Iroquois Falls Forest of northeastern Ontario, in which
100 2 m2 spray plots were established (UTM E 0545845, N 5419674, NAD83, Zone 17U) (Figure.
3.1). The stand was between 51 and 60 years old based on forest resource inventory mapping. It
was selectively harvested in the winter and all measurements were made postharvest. Methods
used for measuring stand structural complexity were described by McMullin (2011). Tree stem
density was 776 stems ha-1, mean tree height was 7.3 m, basal area was 16 m2 ha-1, the canopy
closure was 67(±2)%. Tree cover consisted of Picea mariana (69%) and Pinus banksiana (31%),
herbaceous cover was dominated by Vaccinium myrtilloides, and ground cover was dominated by
lichen. Lichen cover was comprised primarily of Cladonia species in the subgenus Cladina
(reindeer lichens) (Table 2.1). Despite its location in the northern clay belt region of the boreal
forest (Rowe 1972) the soil is sandy throughout the study site. This type of stand at this stage of
development would not normally be treated with herbicides. The stand was selected because of the
large number of lichen species that were mature and abundant unlike younger stands that are more
likely to be treated with herbicides.
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Figure 3.1. Location of the study site in northeastern Ontario, Canada.

Treatment design
Herbicides were applied to 100 plots, 50 treated with triclopyr and 50 with glyphosate.
Standard operational concentrations are 3 to 6 L ha-1 (1.0 to 3.0 kg a.e. ha-1). This was doubled to
account for areas that may be treated twice due to overlap during aerial applications. Therefore,
three or four plots were treated at each concentration (0, 1, 2, 3...12 L ha-1) by each of the two
herbicides. Glyphosate was formulated as Vision® at 368 g a.e. isopropylamine salt L-1 and
triclopyr as Garlon®-4 at 667 g a.e. 3,5,6-trichloro-2-pyridinyloxyacetic acid, butoxyethyl ester
L-1. Using a random number generator, concentrations were assigned to plots. No trees were
present in any plots. The lichen species examined were all terrestrial except for occasional
arboreal species when they were growing on coarse woody debris.
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Herbicides were applied to the plots in a water solution (30 ml per plot) using an R&D
CO2-powered backpack sprayer with a single 80-06-VH flat-fan nozzle on August 14, 2009. An
extended boom was used to allow chemical dispersal at approximately 30 cm above the targeted
area. Plots were sprayed in cross hatched manner to ensure full coverage. The spray equipment
was rinsed with 20 ml of water between each application. At the time of application, and the
following day, it was sunny with temperatures ranging from 25 to 35oC with minimal to no wind
within the stand. All lichen species were dry at the time herbicides were applied.
The spray equipment was tested prior to application to determine coverage and drop size
spectra using an Erio Acid Red (0.1% w/v) dye added to the spray mixture. Using spray cards,
coverage was considered „heavy‟, but within the limits of standard operational applications based
on previous research by the Canadian Forest Service (Thompson et al. 1997).

Data collection and lichen identification
To ensure consistent herbicide coverage across the plots, particularly near the edges, a 0.5
m buffer was established. This resulted in a 1 m2 subplot in the centre of the spray plot in which
to sample lichens. All lichen species and their abundances (percent cover) within the subplots
were visually estimated and recorded. Photographs were taken during data collection pre(August 12-14, 2009) and one year post herbicide application (August 29-30, 2010).
Lichen specimens were identified using a stereo or compound microscope and chemical
spot tests (alcohol and stable para-phenylenediamine, sodium hypochlorite, 10% potassium
hydroxide, and Lugol‟s iodine) (Smith et al. 2009). Specimens that could not be reliably
identified by structural features or spot tests were confirmed using thin-layer chromatography
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(Orange et al. 2001). Voucher specimens are stored at the Biodiversity Institute of Ontario
Herbarium (OAC) at the University of Guelph, Ontario.

Statistical analysis
Lichen species were classified by their individual post-herbicide abundances relative to
their pre-treatment abundances using Primer Software (2002). Euclidean average linkage was
used to classify lichen species into herbicide tolerance classes based on species abundance one
year post herbicide application at standard operational rates (1.0 to 3.0 kg a.e. ha-1). Bray–Curtis
average linkage provided an independent check of the species membership defined by Euclidean
average linkage. Analysis of variance (ANOVA) was used to compare lichen abundance among
tolerance classes. Restrictions for ANOVA (Sokal and Rohlf 1981) were met, and the analyses
were run in SPSS 10.0 (SPSS Vers. 10, 2003). Residuals were examined to verify that the
assumptions of homogeneity of variance and normality were met.
Multivariate analysis was used to explore variation in lichen abundance post herbicide
application, identifying considerable axes of variation in the data, which were related to 14
lichen traits (richly branched thallus, continuous outer cortex, sorediate, apothecia present, cortex
with a hollow interior, wood microhabitat, soil microhabitat, fruticose or foliose growth form,
photobiont trebouxioid, photobiont chlorococcoid, and presence of chemicals: fumarprotocetraric
acid, usnic acid, or atranorin). CANOCO 4.5 (ter Braak and Smilauer 2002) was used to explore
variation among 25 lichen species in 53 plots one year after herbicide application at standard
operational concentrations (1.0 to 3.0 kg a.e. ha-1). A detrended correspondence analysis (DCA;
ter Braak, 1986) was used to identify the length of the ordination axis (i.e., the extent of variation
in the axis scores) and determine the need for either a linear or unimodal ordination model. The
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length of the gradient (4.5 SD) justified the use of a canonical correspondence analysis (CCA) to
characterize variation in abundance among lichen species. A matrix of 14 independent lichen
traits was used to constrain the variation in lichen abundance. Multivariate statistics were used to
identify important traits used in canonical correspondence analysis, of which absolute t-value >
2.1 were used to indicate important canonical coefficients (ter Braak, 1998) and significant (p <
0.01) inter-set correlations.
The statistical model for the analysis of variance was:
Yijk = μ + Hi + Rj + Ck + εijk
Where:
N = 100
Yijk = Change in percent cover
Hi = Fixed effect of the ith herbicide (i = 2)
Rj = Random effect of jth rate of application (j = 13)
Ck = Fixed effect of kth class of lichen (k = 4)
εijk = Random effect
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Results

Lichen diversity displayed a typical dominance distribution: a few species were very
abundant and many species were low in abundance. Twenty five lichen species were recorded in
the 100 plots before herbicides were applied (Table 3.1). Nineteen species covered less than 1%
of the total area assessed, and six species were abundant: Cladonia stellaris, C. rangiferina, C.
arbuscula s. lat., C. uncilais, C. stygia, and C. crispata.
Herbicide applications affected lichen abundance with high mortality in some species but
no effect for other species. One year post-treatment, 15 lichen species showed no reduction in
abundance at any concentration from triclopyr while six species (40%) were negatively affected:
Cladonia stellaris, C. uncialis, C. deformis and C. gracilis ssp. turbinata, Trapeliopsis
granulosa, and Tuckermanopsis americana (Figures 3.2a and c). The only species with 100%
mortality from either triclopyr or glyphosate was T. granulosa. Of eighteen lichen species treated
in the glyphosate plots, eight species showed no reduction in abundance and 10 (56%) were
negatively affected (Figures 3.2b and d). Species most affected by glyphosate were Cladonia
uncialis, Bryoria furcellata, and T. granulosa; with the latter two showing 100% mortality. B.
furcellata occurred in two plots and T. granulosa in four, none of which were control plots. No
species had a decline in abundance in any of the control plots.
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Table 3.1. Pre-treatment abundance (percent cover) of lichen species represented
across 100 sample plots in northeastern Ontario, Canada. Nomenclature follows
Brummitt and Powell (1996) and the 17th edition of the North American Lichen
Checklist (Esslinger 2011).
Species Code
CLAste
CLAran
CLAarb
CLAunc
CLAsty
CLAcrip
CLAcen
CLAdef
TRAgra
VUPpin
PARcap
PARhyp
PLAuli
TUCame
CETare
STEsp.
CLAgra
BRYfur
HYPphy
PARamb
CLAcor
CLAcris
CLAfim
CLApar
USNsp.

Abundance
Species
(total % cover)
Cladonia stellaris (Opiz) Pouzar & Vězda
23.660
Cladonia rangiferina (L.) F.H. Wigg.
22.940
Cladonia arbuscula (Wallr.) Flot. s. lat.
19.490
Cladonia uncialis (L.) F.H. Wigg.
7.240
Cladonia stygia (Fr.) Ruoss
3.450
Cladonia crispata (Ach.) Flot.
1.020
Cladonia cenotea (Ach.) Schaer.
0.310
Cladonia deformis (L.) Hoffm.
0.275
Trapeliopsis granulosa (Hoffm.) Lumbsch
0.265
Vupicida pinastri (Scop.) J.-E. Mattsson & M.J. Lai
0.160
Parmeliopsis capitata R.C. Harris
0.135
Parmeliopsis hyperopta (Ach.) Arnold
0.075
Placynthiella uliginosa (Schrad.) Coppins & P. James
0.050
Tuckermanopsis americana (Spreng.) Hale
0.050
Cetraria arenaria (Pers.) Müll. Arg.
0.020
Stereocaulon paschale (L.) Hoffm.
0.020
Cladonia gracilis (L.) Willd. ssp. turbinata
0.015
Bryoria furcellata (Fr.) Brodo & D. Hawksw.
0.010
Hypogymnia physodes (L.) Nyl. Syns.
0.010
Parmeliopsis ambigua (Wulfen) Nyl.
0.010
Cladonia cornuta (L.) Hoffm.
0.005
Cladonia cristatella Tuck.
0.005
Cladonia fimbriata (L.) Fr.
0.005
Cladonia parasitica (Hoffm.) Hoffm.
0.005
Usnea sp.
0.005
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a) Dominant lichens: Triclopyr

b) Dominant lichens: Glyphosate
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Figure 3.2. The total cover of dominant lichen species before and one year after (a) triclopyr and
(b) glyphosate applications, and uncommon lichen species before and one year after (c) triclopyr
and (d) glyphosate applications.

Lichen species can be classified based on their tolerance to herbicides. Cluster analysis
classified all species into four distinct tolerance classes based on individual species‟ relative
responses (Figure. 3.3). Lichens in tolerance class 1 were least affected by herbicides, with
species in this class showing no effects; those in tolerance class 4 were most affected. Note that
tolerance class 3 included species with 100% mortality at any
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Figure 3.3. Cluster analysis results showing the lichen species in each of four herbicide
tolerance classes, from most (Class 1) to least (Class 4) tolerant.
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concentration, but their abundance was low across the plots, whereas some species in tolerance
class 4 were not killed but these species were common across the plots and showed herbicide
effects.
Analysis of variance (ANOVA) identified significant differences (p < 0.05) between
initial abundance (percent cover) and abundance one year post glyphosate treatment among the
four tolerance classes (Figure 3.4). Abundance of species treated with glyphosate was
significantly (p < 0.05) reduced in tolerance classes 3 and 4, whereas differences in abundances
were not significant for species in tolerance classes 1 or 2. No significant differences among
tolerance classes were evident for species treated with triclopyr.
Relationships between species, stands, and traits were interpretable in the canonical
correspondence analysis (CCA; Figure 3.5; Table 3.2). The overall inertia (i.e., variance) was
3.52 SD, indicating considerable dispersion among the species. The 14 traits explained 67% of
the variance (as inertia) in lichen species composition. High species:trait correlations indicated a
close correspondence between the species and traits that constrained each CCA axis (Table 3.2).
A Monte Carlo permutation test confirmed that the first two axes were statistically significant
(0.001 < p < 0.01) in explaining some of the variation in the species data set (Table 3.2). The
respective eigenvalues for each axis confirm that the first axis was the most important in
explaining variation among communities of species.

52

Figure 3.4. Mean lichen abundance for each group in the NMS classification
(Figure. 5), one year after herbicide application at standard operational rates (1.0 to
3.0 kg a.e. ha-1). Error bars are 1 SE. Different letters above bars represent
significant differences (p < 0.05) in abundance. Colours represent treatments; white
= no herbicide, black = triclopyr, grey = glyphosate.

Table 3.2. Summary of canonical correspondence analysis of abundance for 25 lichen species in
53 plots one year after herbicide application at operational rates (1.0 to 3.0 kg a.i. ha-1). The
majority of variation is explained by the 1st and 2nd axes.
Axis

Summary Variables

1

Eigenvalues
Trait correlations
Cumulative % variance explained

0.662
0.819
98.7

53

2
0.147
0.883
99.7

3

4

0.007
0.897
99.9

0.002
0.986
100.0

Lichen traits (i.e. chemical and morphological differences) can explain some of the
variation in the tolerance among the various species‟ to herbicide applications. The CCA
ordination showed distinct clustering of species within four distinct tolerance classes when
constrained by 14 lichen traits (Figure 3.5). Considerable variation was found among the stand
and species scores, of which the bi-plot indicates the direction and relative influence of several
environmental variables along two gradients (Figure 3.5). Significant (0.001 < p < 0.01; n = 51)
interest-correlations and t-values were used to identify important environmental variables for
axis one (Table 3.3). The trait that explained the most variation on the first CCA axis was
branching morphology. Richly branched species were associated with the left side of the
ordination (tolerance class 2, 3, and 4), which are species that are sensitive to herbicide
applications. Tolerant species on the right side of CCA axis 1 also have apothecia (tolerance
class 1). The presence of a continuous outer cortex explained considerable variation along the
second CAA axis with the most sensitive species at the top of the ordination (tolerance class 4).
This sensitive tolerance class was also associated with lichens that have hollow podetia and
typically grow on soil microhabitats. Positioning of species at the bottom left area of the
ordination was highly correlated with the presence of soredia and typical growth on wood
microhabitats.
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Table 3.3. Statistics in canonical correspondence analysis of 53 plots and 25 lichen species
constrained by 14 traits. Bold values indicate variables with significant correlation and canonical
coefficients.
Inter-set
Canonical
t-value
correlation
coefficient
Axis 1 Axis 2 Axis 1 Axis 2
Axis 1
Axis 2
Trait variable
0.3638
0.0861
1.0345
-0.4382
-0.3861
2.9660
Richly branched
0.0951
0.1877
0.6622
0.2976
0.3315
4.9125
Continuous outer cortex
-0.0008
-0.4245
-0.6556
-0.2106
-0.1569
-3.1752
Sorediate
0.0340
0.0684
0.7372
0.1980
0.2675
2.4693
Apothecia
0.1176
0.1327
1.0419
0.1769
0.5221
3.4685
Hollow interior
0.0043
0.0643
0.1454
-0.1623
-0.1654
-2.1355
Wood microhabitat
0.0488
0.0694
0.5364
0.1571
0.3299
2.4782
Soil microhabitat
0.0673
0.1489
0.6768
-0.1828
0.4939
-1.7472
Fruticose
-0.1841
-0.1217
0.0228
-0.1449
0.0168
-1.4006
Foliose
0.0407
0.1349
-1.5825
0.0298
-1.8987
0.4683
Photobiont trebouxioid
-0.2288
-0.1271
-1.5825
0.0298
-1.9935
-1.3446
Photobiont chlorococcoid
-0.2751
-0.1116
-0.1949
0.0015
-0.6543
0.0668
Fumarprotocetraric acid
-0.0129
0.2703
0.2820
0.0015
0.7756
1.0871
Usnic acid
-0.2752
-0.1122
0.2675
0.0684
0.7373
1.4693
Atranorin
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Figure 3.5. Canonical correspondence analysis (CCA) ordination of lichen (25 species)
abundance from 53 plots constrained by 14 traits one year after herbicide application at
standard operational rates (1.0 to 3.0 kg a.i. ha-1). Herbicide tolerance classes (1 =
tolerant; 4 = sensitive) are represented by different shapes and colours. Bi-plot arrows
represent the relative canonical correlations for lichen traits that explain a significant (p <
0.01) portion of the variation among the species.
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Discussion

Triclopyr and glyphosate negatively affected the abundance of some lichen species one
year post application. Glyphosate affected more species and its effects were more evident than
those of triclopyr. Tolerance to these two herbicides varied among lichen species, which
separated into four clear tolerance classes. The most herbicide sensitive species (classes 3 and 4)
all have a richly branched growth form, except for Trapeliopsis granulosa. The species in
tolerance classes 1 and 2 were not distinctly richly branched. Almost all of the richly branched
species belong to the genus Cladonia, and all but C. uncialis are part of the subgenus Cladina.
Species in the subgenus Cladina lack an outer cortex whereas C. uncialis differs by having a
continuous outer cortex (Smith et al. 2009). C. uncialis is the only species in the most sensitive
herbicide tolerance class (class 4). A reason why richly branched hollow Cladonia thalli are
more herbicide sensitive may be due to their large horizontal surface area where herbicides can
pool on the top of the lichen branches in rain water where it can be more easily absorbed. An
outer cortex, which is composed of fungal hyphae that is denser than that of the interior (Nash
2008), may help with absorption and containment of the herbicides, but this requires further
study (Figure 3.6). T. granulosa was also herbicide sensitive even though it is a crustose lichen
and not richly branched. It may have been intolerant for the same reasons as the richly branched
species. T. granulosa grows on the surface of the soil where depressions can also allow pooling
of herbicides in rain water. Herbicides applied at operational rates should not pool on their own,
but these horizontal surfaces may prevent the chemicals from being washed off as easily and
cause them to pool in rain water.
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Figure 3.6. Cladonia subgenus Cladina growth form (left), with many areas where
herbicide can pool with rain water and may result in more time for absorption; Cladonia cornuta
growth form (right), from which herbicides are more likely to run-off, and are therefore less
likely to absorb as much herbicide.

Lichens are often used use as bioindicators of air pollution (Henderson 2000). They lack
the protective cuticle present on vascular plants, which allows them to obtain nutrients directly
from the atmosphere, dew, or precipitation (Richardson 1992). Therefore, if pollutants are
present they will accumulate in lichens (Nash 2008). Lichen species differ in their tolerances to
pollutants, which is why they are useful as bioindicators (Cameron et al. 2007). This differential
tolerance to chemicals suggests that herbicide effects should also be examined on an individual
basis. Past research has not taken this approach, but rather generalized the effects of herbicides
on lichens as a single group of organisms. This may be one reason for contrasting results from
studies that examined the effects of herbicides on lichens. Many of these studies evaluated either
few lichen species or were general assessments of lichens as one ecological unit (e.g., Perkins
and Mars 1990; Mihajlovich and Blake 2004; Mallik et al. 2002). Newmaster et al. (1999) also
discussed the importance of species-specific assessments when investigating the effects of
herbicide applications on bryophytes and lichens in a forest ecosystem. Their research identified
groups of bryophytes and lichens species that have different sensitivities to herbicides, but their
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assessment site contained few lichen species. Therefore, the present study expands upon their
research by examining a larger number of lichen species.
Two of the 25 lichen species assessed in this study had 100% mortality at every
concentration of either triclopyr or glyphosate: Bryoria furcellata and Trapeliopsis granulosa. B.
furcellata is an arboreal species that grows on conifer bark and wood (Brodo and Hawksworth
1977). It is an important food source for woodland caribou (Rangifer tarandus caribou) in winter
months (Ahti and Hepburn 1967; Bunnell et al. 2007; Newaster and Fazekas 2011), and is one of
the most abundant arboreal species in northeastern Ontario (McMullin et al. 2011). Perkins and
Marrs (1990) also reported that the arboreal species generally turned brown and shrivelled after
herbicide treatments. T. granulosa is a crust-like soil stabilizer that helps to prevent erosion
(Belnap and Lange 2001). It is the most abundant soil stabilizing lichen on sandy soils in
northeastern Ontario (McMullin 2011), and is common globally (Smith et al. 2009). Given the
important functions of these two lichen species, their sensitivity to herbicide applications is
relevant to forest managers.
One year post-treatment, triclopyr and glyphosate reduced the abundance, respectively in
40% and 56% of the boreal forest lichen species treated in this study. For most species that
decreased in abundance effects were minor, but three species where strongly affected. All of the
richly branched species were affected; this group is predominantly composed of the Cladonia
subgenus Cladina group, which produce much of the lichen biomass in northern Ontario forests
(McMullin et al. 2011). Aerial applications covering large areas may reduce the abundance of
particular species, which will allow vascular plants or tolerant lichen species an opportunity to
replace them. To preserve lichen diversity on the landscape, herbicide concentrations, application
rates and patterns need to be considered and studied in more detail. It may be desirable to avoid
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treating areas frequented by woodland caribou or to leave untreated patches in large spray blocks
to enable lichens to recolonize the sprayed areas.
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CHAPTER FOUR
THE EFFECTS OF PLANTING AND CHEMICAL TENDING ON LICHEN
DIVERSITY IN BOREAL WOODLANDS
This chapter will also be published as:
McMullin, R.T, I.D. Thomson, and S.G. Newmaster. 2012. The effects of planting and chemical
tending on lichen diversity in boreal woodlands. In Preparation.

Abstract
In Canada‟s boreal forest, the aims of sustainable silvicultural practices include the
preservation of biological diversity and ecological integrity. To determine whether diversity is
being maintained in managed boreal forests, lichen regeneration was examined in 35 mixed
black spruce (Picea mariana) and jack pine (Pinus banksiana) forest stands across northern
Ontario. Lichens are common in the boreal forest and known to be sensitive to forest
management, particularly to the application of herbicides. Therefore, we examined forest stands
(25-40 yrs. old) with three common sivilcultural treatments and compared them with stands that
burned and regenerated naturally (controls). The treatment types were 1) harvested and planted,
2) harvested, planted and treated with glyphosate, and 3) harvested, planted and treated with 2,4D. Lichen diversity (alpha, beta, gamma) and biomass were compared between the treatments
and controls. The results show that forests with herbicide treatments have lower lichen biomass
and increased beta and gamma diversity in comparison to planted stands that were not treated
chemically and the control stands. In northwestern Ontario, planted stands that were not treated
chemically had significantly greater alpha diversity compared to stands treated with herbicides
and the control stands. These common silvicultural practices are not simulating the natural
disturbance caused by wildfires in the boreal forest because biodiversity is being altered and
ecological integrity is being compromised. Therefore, a reduction in the amount of chemical
65

tending should be considered by forest managers in areas where lichen biomass is likely to be
high.

Introduction
Sustainable silvicultural practices are shaped by our understanding of forest ecosystem
structure and function and are constantly being adapted by new information. One way
contemporary silviculture attempts to maintain biological diversity and ecological integrity is
through simulating natural disturbances (Bergeron and Harvey 1997; Kuuluvainen 2002;
Lindenmayer and McCarthy 2002). The selection of environmental or structural variables that
replicate natural disturbance is difficult because of the dynamic conditions in forest ecosystems
(McMullin et al. 2010), the lack of research (Kuuluvainen 2002), and the difference between
natural and forest management processes (McRae et al. 2001). By examining forest stands where
traditional silvicultural practices have been used and comparing them to stands originating
following natural disturbances, we can identify differences and develop a better understanding
for improved management plans. In the present study we examined lichens to provide greater
insight to the effects of managing forests as many species are known to be sensitive to forest
management (Lesica et al. 1991; Cameron 2002; Newmaster and Bell 2002).
Post-harvest silviculture is widely used in Canadian boreal forests. In 2009, >600,000 ha
were harvested and >380 000 ha were re-planted with almost 6 million seedlings, and >116,000
ha were treated with herbicides (CCFM 2011). Planting trees can affect the structure of a stand
which, in turn, will affect the lichen communities within it (Lesica et al. 1991; Neitlich and
McCune 1997; McMullin et al. 2010). For example open-canopy boreal forest stands tend to
have a higher lichen biomass than closed canopy stands (Girard et al. 2008; McMullin et al.
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2011b). Lichen richness is also generally increased by greater forest structural complexity
(Neitlich and McCune 1997; McMullin et al. 2010).
After planting (usually 1-2 years post-harvest), herbicides are applied to give conifers a
competitive advantage by reducing deciduous and herbaceous vegetation (CCFM 2011). The
most common herbicide presently applied by the Canadian forestry industry incorporates the
active ingredient N-[phosphonomethyl] glycine (glyphosate) (CCFM 2011). In 2009, Glyphosate
was applied to >113,000 ha throughout Canada and to >2.6 million ha between 1992 and 2009
(CCFM 2011). Glyphosate affects most monocots and dicots by inhibiting protein biosynthesis
and therefore growth (Senseman 2007). Another common herbicide, and the first to be used on
an industrial scale for forest management in Canada, is 2,4-dichlorophenoxyacetic acid (2,4-D).
Currently, 2,4-D is still used, but in limited quantities and usually against alders (Alnus spp.). In
Canada, 232 ha were treated with 2,4-D in 2009, while 48,027 ha were treated between 1992 and
2009 (CCFM 2011). 2,4-D affects most dicots; when applied in low concentrations it increases
protein biosynthesis and causes uncontrolled cell division and growth while at high
concentrations it inhibits cell division and growth (Senseman 2007). Aerial applications of
glyphosate and 2,4-D come into contact with non-target organisms. In open canopy boreal
forests, lichens often dominate the ground cover (Girard et al. 2008; McMullin et al. 2011b), and
may therefore be exposed to herbicides. Research on the impact of herbicides on lichens has
been limited to short term effects (<3 years). Studies have shown that herbicides reduce lichen
diversity after direct contact occurs (Newmaster et al. 1999; Newmaster and Bell 2002;
McMullin et al. 2011a), however, long-term effects are not understood.
The purpose of this study was to understand the long-term effects of herbicide applications
(glyphosate and 2,4-D) on lichen diversity in regenerating boreal forests. Our hypothesis was
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that forests treated with herbicides would have lower lichen biomass and species richness
because of the known early effects of herbicides on lichens. Forest stands of similar age and
ecological conditions that had received different silvicultural treatments were compared with
control stands that had regenerated after wildfires. This study used the maximum time period
possible over which to examine the effects of herbicides by assessing stands treated near the
inception of each herbicide‟s use in forest management on an industrial level.

Methods
Site descriptions
Thirty-five forest stands were selected in the boreal woodlands of northern Ontario. Four
types of forest disturbance were studied: a) burned by wildfire and naturally regenerated
(controls), b) harvested and planted, c) harvested, planted and treated with glyphosate, and d)
harvested, planted and treated with 2,4-D. Fifteen stands were established in northwestern
Ontario, (five planted and not treated with herbicides, five planted and sprayed aerially with
glyphosate, and five post-fire control plots) (Figure 4.1). Twenty stands were established in
northeastern Ontario, (five planted and not sprayed with herbicides, six planted and sprayed with
glyphosate, four planted and sprayed with 2,4-D, and five post-fire controls) (Figure 4.2). Stand
ages ranged from 25 to 40 years since disturbance.
All the forest stands studied were on upland sites, which do not derive their name from
elevation, but from the dry, sandy to sandy-loam soils. Lichen biomass was typically high in
upland sites whenever the tree stem density and canopy closure was low. Tree species
composition was dominated by Pinus banksiana and Picea mariana, while the ground cover was
dominated by lichens or feather mosses, primarily Ptilium crista-castrensis and Pleurozium
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schreberi. Herbacious plants and shrubs were dominated by Cornus canadensis, Epigaea repens,
Gaultheria procumbens, Kalmia angustifolia, Ledum groenlandicum, Vaccinium angustifolium,
and Vaccinium mytilloides. All forest stands assessed were established with a change in stand
age and forest ecosystem classification between them, based on forest resource inventory maps
(FRI). After stands were selected using FRI maps and they were ground-truthed to ensure that
they were upland sites with sandy soils. Northeastern Ontario is characterised by clay soils
(known as the Northern Clay Belt), flat topography, and Picea mariana is the dominant tree
species (Rowe 1972). Upland sites in this region are relatively uncommon compared with
western Ontario and only occur on sandy eskers or outwash plains. Northwestern Ontario has a
more rolling topography, upland sites are more common, fires are more frequent than in the east,
and the dominant trees are Picea mariana and Pinus banksiana (Rowe 1972).
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Figure 4.1. Location of the study sites in northeastern Ontario.

Figure 4.2. Location of the study sites in northwestern Ontario
Experimental design
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Lichen richness in each stand was determined using the floristic habitat sampling
protocol described by Newmaster et al. (2005). A 100 m x 200 m plot was randomly established
in each forest stand at least 50 m from the forest margin to limit edge effects, which increase
light and wind exposure and reduce moisture compared with the interior (Renhorn et al. 1997;
Esseen and Renhorn 1998; Rheault et al. 2003). A random number generator was used to
determine the distance to the first plot corner. The positioning of the plot was then oriented to
capture as much of the central part of the stand as possible. Samples of all lichen species located
below 2.5 m on tree boles, branches or on the ground were collected from each plot. Saxicolous
species were not included because rocks were not exposed in most stands so site comparisons
would not have been equal. Four hours was spent examining and collecting from each plot.
Specimens of the different lichens found were collected in paper bags and then air dried for three
days.
Lichen biomass was estimated for all stands in northeastern Ontario using the method
described by McMullin et al. (2011b). Biomass was calculated by measuring the abundance (area
cover) of individual lichen species on selected trees and in ground plots. Predetermined
abundance to biomass ratios were used to calculate the biomass on the trees and in the plots
sampled. The area measured was converted into ha, which provided an estimation of the total
lichen biomass (kg/ha) in each stand.

Identification of lichens
Approximately 4000 lichen specimens were collected and identified from the 35 forest
stands. Specimens were identified morphologically using a microscope and chemically by spot
tests (alcohol or stable para-phenylenediamine, sodium hypochlorite, 10% potassium hydroxide,
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nitric acid and Lugol‟s iodine)(Smith et al. 2009). Where necessary, thin-layer chromatography
was also used (Orange et al. 2001). Voucher specimens have been deposited in the Canadian
Museum of Nature in Ottawa (CANL) and the Biodiversity Institute of Ontario Herbarium at the
University of Guelph, Ontario (OAC).

Data Analysis
A priori contrasts were used to compare the diversity parameter estimates (biomass and
richness) from the four types of forest stands examined a) burned, natural regeneration forests
(control), b) harvested and planted forests, c) harvested and glyphosate treated natural
regeneration forests, and d) harvested and 2,4-D treated natural regeneration stands. Statistical
analyses were run using SPSS (2010) software. Examination of model residuals revealed that the
data were not normally distributed and did not have homogeneity of variance. Therefore, the
Kruskal–Wallis non-parametric test was used to compare all of the parameter estimates with
specific pairwise comparisons using the Mann–Whitney U test with a Bonferroni correction to
determine if the post-hoc tests were significant (Zar 1984).
Multivariate analyses were used to compare community composition among the
treatments and control plots. Non-metric multidimensional scaling (NMDS - Kruskal 1964,
McCune & Mefford 1997) was used to ordinate the plot data. In NMDS, the Bray Curtis distance
measure was used because of its robustness for both large and small ecological gradients
(Minchin 1987). Data were standardized by species maxima, and two-dimensional solutions
were appropriately chosen based on plotting a measure of fit („stress‟) to the number of
dimensions. One hundred iterations were used for each NMDS run, using random start
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coordinates. The first two ordination axes were rotated to enhance interpretability (greatest
spread in the clusters).
Discriminant function analysis was used to predict multivariate responses that best
discriminated the subjects in different treatment and control groups (Ramsey & Schafer 1997);
thus, testing for significant differences in community composition among the treatments and
control plots. Discriminant analyses were used to classify the treatment plots using the site scores
from the NMDS analysis. The NMDS site scores were grouped into the four treatment and
control plots and used as input into a discriminant analysis to 1) determine if the classification
was accurate, 2) provide discriminant functions for the classification of the communities among
the treatments and control plots and, 3) indicate if the NMDS scores or experimental units were
important variables for defining the treatment and controls on the ordination.

The statistical model for the analysis of variance in lichen richness was:
Yi

j k

= μ + Hi + Pj + εi

j k

Where:
N = 35
Yi

j k

= Difference in lichen richness

Hi = Fixed effect of the ith herbicide (i = 2)
Pj = Fixed effect of the jth planting (j = 1)
Rk = Fixed effect of the kth region (k = 2)
εi

j k

= Random effect
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The statistical model for the analysis of variance in lichen biomass was:
Yi

j k

= μ + Hi + Pj + εi

j k

Where:
N = 20
Yi

j k

= Difference in lichen biomass

Hi = Fixed effect of the ith herbicide (i = 2)
Pj = Fixed effect of the jth planting (j = 1)
Rk = Fixed effect of the kth region (k = 2)
εi

j k

= Random effect

Results
The lichen species richness in forest stands with different silvicultural treatments and
those that regenerated naturally after fire (controls) were similar (Table 4.1). There was no
significant difference among the alpha diversity (richness within a stand)(P > 0.05) of any stand
types in northeastern Ontario, or when stands from northeastern and northwestern Ontario were
combined. In the northwest, planted stands that were not treated with herbicides had a
significantly (P < 0.05) higher mean alpha diversity than the controls. The gamma (total richness
across all stands) and beta (differentiation of richness among stands) diversity of the stands
treated with glyphosate were higher than in any other treatment types or the controls in both the
northeast and northwest. The stands treated with 2,4-D also had higher gamma and beta diversity
than any other stand types in any region, except for those treated with glyphosate.
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Table 4.1. Lichen species richness comparisons between silvicultural treatments and naturally burned and regenerated stands. Different letters
represent significant differences (P < 0.05) in mean alpha diversity in each treatment.
Treatment
Glyphosate - NE
Planted Only - NE
2,4 - D - NE
Burned - NE
Glyphosate - NW
Planted Only - NW
Burned - NW
Glyphosate - NE & NW
Planted Only - NE & NW
Burned - NE & NW

Number

Gamma Diversity

Mean (SD)

Beta Diversity

of Stands
6
5
4
5
5
5
5
11
10
10

Total # of spp.
72
57
69
64
72
65
65
97
82
88

Alpha Diversity
34A (±.79)
33.60 A (±2.30)
35A (±2.55)
36A (±1.73)
36AB (±2.92)
40A (±2.32)
34B (±0.84)
35A (±2.45)
37A (±4.93)
35A (±1.96)

Whittaker's Measure (βw)
1.12
0.70
0.97
0.78
0.99
0.64
0.91
1.77
1.22
1.51
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Alpha Diversity
Range
31-37
30-36
28-40
31-40
30-43
32-46
31-36
30-43
30-46
31-40

The frequency of the occurrence (%) of individual lichen species varied among the
examined forests (Table 4.2). Ten lichen species appeared to be intolerant to treatment with 2,4D, while seven species were significantly more abundant (P < 0.05) in stands treated with 2,4-D.
No species were significantly more abundant in the controls. Xylographa spp. was significantly
more abundant (P < 0.05) in stands that were planted and not treated with herbicides and
Baeomyces rufus was significantly more abundant (P < 0.05) in stands treated with glyphosate.
Nine species were significantly more abundant (P < 0.05) in northwestern Ontario and two
species were in northeastern Ontario. Five lichen species occurred in all stands: Evernia
mesomorpha, Hypogymnia physodes, Lecanora subfusca group, Tuckermanopsis americana,
Vulpicida pinastri.
The mean lichen biomass in stands differed significantly (P < 0.05) between silvicultural
treatments and the controls (Figure 4.3). The stands with the lowest mean lichen biomass had
been treated with 2,4-D and values were significantly lower (P < 0.05) than the sites that were
planted and not sprayed with herbicides, or the naturally regenerated controls. The mean lichen
biomass of stands sprayed with glyphosate did not differ from that in stands sprayed with 2,4-D,
or the controls. The stands that were planted and not treated with herbicides had the highest
mean lichen biomass and, while it was not different from the controls, it was significantly higher
(P < 0.05) than the mean of stands treated with either of the herbicides.
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Table 4.2. The frequency of the occurrence (%) of individual lichen species in different
silvicultural treatments, natural burns and regions. Species occurring at 100% in all columns are
not included. Species preceeded by an *asterisk indicate species with indicator values >60,
estimated using the method of Dufrêne and Legendre (1997) and P < 0.05 from a Monte Carlo
test of significance. Species followed by a: cross† are specialists to northwestern Ontario;
triangle∆ are specialists to northeastern Ontario; bullet point• are intolerant to 2,4-D; asterisk*
exhibit a preference for stands treated with glyphosate; number sign# exhibit a preference for
stands treated with 2,4-D; exclamation point! exhibit a preference for planted stands that were not
treated with herbicides. Nomenclature follows Hinds and Hinds (2007) and the 17 edition of the North
th

American Lichen Checklist (Esslinger 2011).

Species
Imshaugia placorodia
Phaeocalicium compressulum
Physcia adscendens
Usnea hirta
Bryoria implexa
Stereocaulon tomentosum
Usnea cavernosa
Parmelia squarrosa
Stereocaulon paschale
Cladonia borealis/coccifera
Flavoparmelia caperata
Physciella chloantha
Cladonia wainioi
Icmadophila ericetorum
Peltigera extenuate
Peltigera malacea
Phaeocalicium polyporaeum
Usnea substerilis
Melanelia exasperatula
Multiclavula sp.
Myelochroa galbina
Peltigera elisabethae
Peltigera neopolydactyla
Usnea lapponica
Cladonia multiformis
Cladonia verticullata
Cladonia uncialis
Caloplaca pyracea
Baeomyces rufus
Peltigera canina
Bryoria capillaris

NE
Freq.
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
5
5
5
5
5
5
5

NW
Freq.
*80†
*67†
*47†
*40†
27
27
27
13
13
13
13
13
7
7
7
7
7
7
7
7
7
7
7
7
*73†
*53†
*40†
33
27
20
13
77

2,4-D Total
Freq.
0•
0•
0•
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0•
0•
0•
0
0
0
0

GLY
Freq.
27
27
27
9
9
18
9
9
18
9
9
0
9
9
9
9
0
0
0
0
0
0
0
0
27
27
36
18
*46*
9
18

Plant
Freq.
50
40
20
10
10
20
30
0
0
10
10
10
0
0
0
0
0
0
10
10
10
10
10
10
50
40
20
20
0
0
0

Burn
Freq.
40
30
20
40
20
0
0
10
0
0
0
10
0
0
0
0
10
10
0
0
0
0
0
0
40
20
10
20
0
30
10

Peltigera leucophlebia
Chaenothecopsis exilis
Platismatia tuckermanii
Cladonia cariosa
Collema furfuraceum
Leptogium hirsutum
Peltigera neckeri
Peltigera scabrosa
Phaeocalicium populneum
Ramalina roesleri
Bryoria simplicior
Cladonia rei
Dibaeis baeomyces
Hypogymnia incurvoides
Nephroma helveticum
Peltigera evansiana
Tuckermanopsis sepincola
Usnea cf. Diplotypus
Lobaria quercizans
Ochrolechia arborea
Xylographa spp.
Usnea subfloridana
Parmeliopsis ambigua
Cladonia phyllophora
Cladonia subulata
Peltigera aphthosa
Peltigera rufescens
Lobaria pulmonaria
Nephroma bellum
Chaenothecopsis spp.
Cladonia squamosa
Collema subflaccidum
Heterodermia galactophylla
Biatora vernalis
Chaenothecopsis pusiola
Chaenotheca brunneola
Cladonia pluerota
Ramalina dilacerate
Peltigera membranacea
Cladonia pyxidata
Melanelia olivacea

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
10
10
10
10
10
10
10
10
10
10
10
15
15
15
15
15
15
15
20
20
20
25

13
7
7
7
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
*60†
47
33
27
20
13
7
7
0
0
0
7
0
0
0
0
0
0
*73†
33
7
47
78

0
25
0
0
25
25
25
25
25
25
0
0
0
0
0
0
0
0
0
25
0
25
0
0
0
0
0
25
25
25
25
*50#
*50#
25
25
25
0
25
50
25
25

18
0
0
9
0
0
0
0
0
0
9
9
9
0
9
9
0
9
0
27
27
9
27
18
27
9
9
9
9
0
9
9
9
9
9
0
0
45
18
18
45

0
10
0
10
0
0
0
0
0
0
0
0
0
0
0
0
0
0
10
40
*50!
20
10
10
10
10
10
0
0
10
0
0
0
0
0
10
20
60
30
10
20

10
0
20
0
0
0
0
0
0
0
0
0
0
10
0
0
10
0
0
30
10
30
20
20
0
10
10
0
0
0
20
0
0
10
10
10
10
30
20
10
40

Bryoria fuscescens
Melanelia subaurifera
Cladonia stygia
Peltigera polydactylon
Tuckermanopsis orbata
Cladonia macilenta
Peltigera praetextata
Calicium parvum
Chaenotheca xyloxena
Usnea filipendula
Cladonia digitata
Stenocybe major
Bryoria nadvornikiana
Cladonia stellaris
Caloplaca cerina
Calicium trabinellum
Cladonia fimbriata
Cladonia sulphurina
Ochrolechia spp.
Mycoblastus sanguinarius
Stenocybe pullatula
Cladonia botrytes
Bryoria trichodes ssp. trichodes
Cladonia
coniocraea/ochrochlora
Physcia aipolia
Cladonia cornuta
Mycocalicium subtile
Cladonia cristatella
Xanthoria hasseana
Buellia spp.
Melanohalea septentrionalis
Trapeliopsis granulosa
Imshaugia aleurites
Cladonia crispate
Cladonia cenotea
Cladonia deformis
Hypogymnia tubulosa
Cladonia arbuscula s.l.
Cladonia chlorophaea Group
Parmelia sulcata

25
25
25
25
25
25
25
25
25
30
30
30
30
35
35
40
40
40
40
*40∆
*45∆
55
55

40
27
20
13
13
13
7
7
0
13
7
0
0
33
27
40
20
20
7
0
0
40
27

50
50
0•
*75#
*75#
25
50
25
25
*100#
25
50
25
25
0•
25
25
25
*75#
50
*75#
25
50

9
18
27
18
27
0
27
9
18
18
27
9
9
36
45
27
45
18
0
0
18
55
27

50
40
20
0
10
20
10
20
10
10
0
10
20
40
30
40
20
50
40
30
10
40
60

30
10
30
20
0
40
0
20
10
10
30
20
20
30
30
60
30
30
20
30
30
60
40

60
60
60
60
65
65
65
65
65
70
75
75
75
75
80
85
90

100
80
53
20
87
73
67
53
40
20
87
73
67
7
93
87
100

100
50
25
100
0•
75
75
50
25
50
0•
25
50
100
50
75
100

73
73
55
18
82
82
73
64
55
45
82
55
64
45
73
91
91

60
80
80
20
90
60
50
60
70
40
80
100
90
40
100
90
90

90
60
50
70
100
60
70
60
50
60
90
90
70
30
100
80
100
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Cladonia gracilis ssp. turbinata
Cladonia rangiferina
Usnea spp.
Bryoria furcellata
Parmeliopsis hyperoptera
Parmeliopsis capitata

90
90
95
95
95
100

93
67
100
100
100
87

50
50
100
100
75
100

91
82
100
91
100
100

100
80
90
100
100
90

100
90
100
100
100
90

Total Mean Biomass (kg/ha)

3101.16B, N = 5
2460.14BC, N= 5

1522.68AC, N = 6

529.04A, N = 4

Glyphosate

2,4 - D

Planted Only

Natural Burn and
Regeneration

Figure 4.3. Mean biomass totals with standard errors in stands with different silvicultural treatments and
the naturally burned controls. Different letters represent significant differences (p < 0.05) in

biomass.
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Multivariate analysis
Ordination analyses indicated that lichen community composition was variable among
the examined forest treatments and controls. Non-metric multidimensional scaling (NMDS) of
35 plots and 35 forest stands and 123 lichen species revealed an ordination with community
variation along two axes (Figure 4.4). Stands treated with 2,4-D had considerably different
communities of lichens in comparison with planted or glyphosate treated and naturally
regenerated control plots. There was considerable overlap of the lichen communities in the
controls and in all treatments except for 2,4-D.
The discriminant analysis did not classify all of the treatments and control stands based on
the heterogeneity in community composition of lichens. The stands treated with 2,4-D, however,
had significantly different lichen community composition from the other two treatments and
controls. The first discriminant function explained 78% of the between group differences. The
second function explained an additional 11% of the between group variance, and the third
function explained just 1% of the variance. Wilk‟s lambda was used to test the hypothesis that
there were no differences in variance (P < 0.001) among the groups of taxa, which represented
different species (SPSS 2010). There were significant differences (P < 0.001) for the first two
canonical functions identifying significance (P < 0.001) in the NMDS scores between the 2,4-D
treated stands and all other stands, including those treated with glyphosate, planted, and the
controls.
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Figure 4.4. Community structure NMS ordination of 35 forest stands and 123 lichen species
including three forest management treatments and the natural burned controls.
Discussion
Lichen diversity in upland boreal forest stands was influenced by the post-harvest
silvicultural practices used in boreal forests. Alpha diversity in each silvicultural treatment was
similar to the controls, but the community structure (beta diversity), and biomass (abundance)
differed for stands treated with herbicides. This suggests that herbicide treatment in forest stands
that were planted after they were harvested altered the structural complexity compared with
stands regenerated naturally after natural fires. Therefore, based on lichen diversity, natural
disturbance is not being simulated by the currently dominant post-harvest silvicultural practices
in boreal forests that involve the use of herbicides to suppress deciduous trees and herbaceous
plants.
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Fire is a common natural disturbance in the boreal forest, which shapes forest structure
(Rowe and Scotter 1973; Johnson 1992; Esseen et al. 1997). The structural complexity in a forest
stand will affect the composition of the lichen community that inhabits it (Lesica et al. 1991;
Neitlich and McCune 1997; McMullin et al. 2010). Many lichen species require specific
microhabitats and substrata to develop (Schmitt and Slack 1990; Kuusinen 1996; McMullin et al.
2008). Therefore, if a change in the natural structural complexity of a forest occurs, it will create
different microhabitats and different communities of lichens will result. Lichen biomass is also
affected by structural complexity (McMullin et al. 2011). Lichen growth depends on the
available moisture and the amount of light received (Palmqvist and Sundberg 2000; Sulyma and
Coxson 2001; Gaio-Oliveira et al. 2006). When planting nursery trees, spacing is important to
maximize the growth of desired tree species, but this also affects the growth of lichens on trees
and the forest floor. Herbicide applications also reduce structural complexity in a forest stand by
reducing the abundance of particular tree species.

The examined forest stands in northeastern and northwestern Ontario had similar lichen
alpha diversity. This suggests that there may be a similar number of microhabitats available in all
these stands. The beta diversity, however, is higher in stands that were treated with herbicides.
Therefore, one of two scenarios must be true; 1. the stands treated with herbicides had more
microhabitats than the stands that were not treated with herbicides, but the latter contained
microhabitats that could be colonized by a greater number of lichen species, or 2. the stands
treated with herbicides had fewer microhabitats than the stands that were not treated with
herbicides, but they were able to be colonized by a greater number of species. Further study on
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the number of microhabitats in a particular treatment is required to determine the accurate
scenario.
Our results showed that the application of herbicides, particularly 2,4-D, resulted in a
reduction in lichen biomass in the forests examined. Herbicides are designed to reduce the
abundance of herbaceous ground cover, deciduous trees, and shrub species that compete with
desired trees resulting in more homogenous forest stands, both in tree species and structure. The
boreal forest, however, also has areas that are naturally homogeneous (Essen 1997; Natural
Resources Canada 2005). Therefore, similar biomass could be expected between herbicidetreated stands and controls, but it differed. Therefore the reduction in lichen biomass suggests
herbicides are changing the structural complexity of these forests in a way that is reducing the
ecological requirements that lichens need to grow.
Lichen diversity in the boreal forest is susceptible to change as a result of forest
management. Our results showed that after 25-40 years, planted stands had an increased lichen
biomass, but did not significantly change the lichen alpha or beta diversity. The application of
herbicides, however, altered lichen beta diversity and reduced lichen biomass. Therefore, these
common silvicultural techniques are not simulating the natural disturbance caused by wildfires.
Herbicide applications were found to have a long-term detrimental effect on lichen diversity
causing a reduction in lichen biomass. The results from this study can help forest managers
include the preservation of ecological integrity in management strategies. Lichen biomass is
positively correlated with low canopy cover, low tree stem density and sandy soils (McMullin et
al. 2011b; McMullin et al. 2012). Therefore, a reduction in the amount of chemical treatment
should be considered in these areas, where lichen biomass is likely to be high.
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CHAPTER FIVE
STAND STRUCTURE AND AGE DRIVES LICHEN DIVERSITY IN THE BOREAL
FOREST

This chapter will also be published as:
McMullin, R.T, I.D. Thomson, D.H.S. Richardson and S.G. Newmaster. 2012. Relationships between

forest structure, age and lichen diversity in boreal woodlands. In Preparation.

Abstract
Lichen diversity in the boreal forest is influenced by stand age and structural complexity.
Management strategies that include the preservation of lichen diversity require an understanding
of the specific environmental variables that influence lichen richness and biomass. We selected
51 lichen dominated boreal forest stands, throughout Ontario, in a range of ages from 20 to 133
years to determine the relationship between forest structure and development and lichen richness
and biomass. All stands that were >40 years old originated following insect or fire disturbance.
Of the stands that were <40 years old, ten originated following fire and 14 originated following
forest management. We identified 147 lichen species among the stands, 117 of which displayed
some substratum specificity in an indicator analysis. Using a canonical correspondence analysis,
the variables that were most important for explaining lichen species richness were the number of
microhabitats, variation in canopy closure (light), and stand age. Lichen biomass was most
influenced by the total amount of light beneath the canopy, stand age, and area of sandy soil. If
lichen diversity is not managed in boreal forests, consequences may include an increase in soil
erosion, altered nutrient exchanges, or a decline in the organisms that rely on lichens.
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Introduction
Lichens, like most photosynthetic organisms, require light, nutrients, water, and a suitable
substratum (Nash 2008). For many lichen species, microhabitat requirements are highly specific
because species often have a small range of tolerance to substratum type (Schmitt and Slack
1990; Kuusinen 1996; Smith et al. 2009). As a result, a large variation in available microhabitats
within a given ecosystem results in high lichen species richness. In forest ecosystems, the age of
the forest is often correlated with an increase in structural complexity, which increases the
number of microhabitats available for colonization by lichens (Stewart et al. 2003; McMullin et
al. 2010). Unique microhabitats generally occur in older forests, which are often colonized by
lichen species that require specialized substrata and environmental conditions, which is why
some species are considered indicators of old-growth forests (Lesica et al. 1991; Goward 1994;
McMullin et al. 2008). Sustainable boreal forest management strategies include the preservation
of biodiversity and so require an understanding of the environmental variables known to
influence the number of microhabitats and the lichens they support.
Many lichen species are known to be host specific to particular types of trees, rocks, and
soil (Schmitt and Slack 1990; Kuusinen 1996; Brodo et al. 2001). Other lichen species are host
specific to coarse woody debris from particular tree species at particular stages of decay
(Söderström 1988; McAlister 1997; Botting and Delong 2009). Light and humidity levels have
also been shown to influence lichen diversity (Kenkel and Bradfield, 1986; Coxson and Coyle,
2003; Coxson and Stevenson, 2007). The greater the variability of these environmental variables
and substrates in a forest stand, the greater the number of microhabitats to support lichen species
that will be present (McMullin et al. 2010).
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Lichen biomass in forest ecosystems, however, is not always correlated with the number of
microhabitats because a small number of species usually dominate the lichen biomass (McMullin
and Newmaster 2010; McMullin et al. 2011). For most lichen species, growth is dependent on
the amount of light received (Harris and Kershaw 1971; Palmqvist and Sundberg 2000). Open
canopies increase lichen biomass by allowing light into the forest (McMullin et al, 2010). The
age of the forest is also important for lichen biomass because of the slow rate of growth of
lichens (Scotter 1963; Boudreau and Payette 2004; Boudreault et al. 2009).
Lichens, particularly those that have a high biomass have functional roles in forest
ecosystems as soil stabilizers (Belnap and Lange, 2001), contributing to nutrient cycling
(Neiboer et al., 1978; Pike, 1978; Knops et al., 1991), and as food, habitats, and nesting materials
for many organisms (Richardson and Young, 1977; Sharnoff, 1994; Cameron, 2009). For
example, lichens are the primary food source of the forest dwelling woodland caribou (Rangifer
tarandus caribou) during the winter (Newmaster and Fazekas 2011). Therefore, managing for
lichen diversity in forest ecosystems is also important for the conservation of other species.
The purpose of this paper was to understand better the relationship between forest
structure and development and lichen diversity in boreal forest. Specifically, we attempted to
determine which environmental variables are most important for explaining increases in lichen
richness and biomass and the effects of forest age on these variables. Our first hypothesis was
that lichen richness would increase as a forest ages because of the known increase of the number
of microhabitats in forest ecosystems over time. Our second hypothesis was that biomass would
increase with forest age, but only if stem density and canopy closure is low, because of the
known slow growth rate of lichens and the positive effect of increased light.
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Methods
Study sites
Fifty-one forest stands were selected across the central managed portion of the boreal
forest of northern Ontario (Figs. 1 and 2). Stands ranged in age from 20 to133 years and included
managed and unmanaged stands. The managed stands originated between 20-35 years ago and
included three post-harvest silvicultural treatments: 1.) planted and not treated with herbicides,
2.) planted and treated with N-[phosphonomethyl] glycine (glyphosate), and 3.) planted and
treated with 2,4-dichlorophenoxyacetic acid (2,4-D). At least five stands were included from
each treatment type and from each age category (21-30, 31-40, 41-50, 51-60, and 100-140 yrs.).
All stands were on upland sites with dry, nutrient poor, sandy to sandy-loam soils. The ground
cover was typically dominated by lichens where light levels were high and by feather mosses,
primarily Ptilium crista-castrensis and Pleurozium schreberi, where light levels were low.
Dominant trees were Picea mariana and Pinus banksiana. The herbaceous cover was comprised
mainly of: Cornus canadensis, Epigaea repens, Gaultheria procumbens, Kalmia angustifolia,
Ledum groenlandicum, Vaccinium angustifolium, and Vaccinium myrtilloides. Stands were
spaced a minimum of 1 km apart with a change in stand age and forest ecosystem type between
any two stands. Forest resource inventory maps were used to select stands and determine their
ages, which were then ground-truthed to ensure that they met the conditions for this study.
Upland sites are uncommon in northeastern Ontario, but they are commonly used for roads,
harvesting and planting. Northeastern Ontario is typically characterized by infrequent fires, clay
soils and flat topography and P. mariana dominates the tree cover (Rowe 1972). Upland sites in
northwestern Ontario are more common than in the east. Northwestern Ontario has a rugged and
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rolling topography, frequent fires, and the dominant tree cover is a mixture of P. mariana and P.
banksiana (Rowe 1972).
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Figure 5.1. Location of study sites in northwestern Ontario

Figure 5.2. Location of study sites in northeastern Ontario
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Lichen richness
Lichen richness was measured using the floristic habitat sampling method (Newmaster et.
al. 2005). A 100 x 200 m plot was established in each stand at least 50m from the stand edge to
limit possible edge effects such as increased light exposure, reduced moisture and greater wind
exposure (Esseen and Renhorn 1998; Rheault et al. 2003). Using a random number generator,
paces to the first plot corner of each plot were determined. The positioning of the plot was then
oriented to capture as much of the central part of the stand as possible. Within each plot, all
terricolous lichen species and arboreal species below 2.5 m were collected and identified. Four
hours were spent in each plot searching for species. Specimens were collected in paper bags then
transported to a laboratory where they were air dried for three days before identification.

Lichen identification
The lichen specimens collected (approximately 5500) were identified using
morphological and chemical characteristics. Identifications included the use of a stereo or
compound microscope and chemical spot tests (alcohol and stable para-phenylenediamine, nitric
acid, sodium hypochlorite, 10% potassium hydroxide, and Lugol‟s iodine) (Smith et al. 2009).
Thin-layer chromatography was used when specimens could not be identified by morphology or
chemical spot tests (Orange et al. 2001). Voucher specimens are housed at the Biodiversity
Institute of Ontario Herbarium at the University of Guelph, Ontario and the Canadian Museum
of Nature in Ottawa, Ontario.
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Lichen biomass
An estimation of the biomass (kg/ha) of arboreal and terrestrial lichens was calculated for
each of the 34 stands examined in northeastern Ontario. The method described by McMullin et
al. (2011) for estimating stand level lichen biomass (kg/ha) was followed. Lichen biomass was
calculated by measuring the abundance (area cover) of individual lichen species on selected trees
and in ground plots. Predetermined abundance to biomass ratios were used to calculate the
biomass on the trees and in the plots sampled. The area measured was converted into ha, which
provided an estimation of the total lichen biomass (kg/ha) in the stand.
Canopy closure and height
Within the 100 x 200 m lichen richness plots, a four point transect was established along
the center length of each plot. The points were equally spaced 40 m apart from each other and
beginning 20 m from each side of the larger plot. From each of the four points, seven meters was
measured in each of the cardinal directions where canopy closure was determined using a convex
spherical densiometer. Therefore, sixteen canopy closure measurements were made in each plot.
The measurements were combined for an average which was converted to a percent cover in
each stand. The height of the dominant canopy was also measured at each of the four points
along the transect using a clinometer. The four measurements were combined to determine the
average height of the dominant canopy in each stand.

Basal area and stem density
A two-factor metric prism (2m2/ha basal area factor) was used, along with girthing tape
and callipers, to measure the basal area, live tree stem density and snag stem density in the 51
stands examined. Using the prism plot calculations described by Thompson et al. (2006), 16
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plots were assessed in each stand that were evenly distributed throughout the 100 x 200 m lichen
richness plots. In each of the 16 prism plots, all woody stems that were >1 m in height and > 8cm
diameter at breast height (DBH) were measured. The values calculated in each of the 16 plots
were averaged and then the area measured was converted to stem densities and basal area per ha.

Multivariate analysis
Multivariate analysis was used to explore variation in lichen community structure
identifying considerable axes of variation in the data. This was approached from three
perspectives 1) Lichen Beta Diversity among stands - A matrix of lichen presence/absence for all
147 species, 51 forest stands (23 environmental variables), 2) Lichen Beta Diversity among
microhabitats - A matrix of lichen presence/absence for all 147 species, in 25 different
microhabitats from 51 forest stands and, 3) Lichen Abundance - A matrix of lichen species
biomass for 100 species, 34 forest stands (21 environmental variables). CANOCO 4.5 (ter Braak
& Smilauer 2002) was used for each approach to explore variation among lichen species among
the forest stands/microhabitats constrained by the environmental variables at the stand scale. A
detrended correspondence analysis (DCA; ter Braak 1986) was first used to identify the length of
the ordination axis (i.e., the extent of variation in the axis scores) and determine the need for
either a linear or unimodal ordination model. The length of the gradient (>2 SD) justified the use
of a canonical correspondence analysis (CCA) to characterize variation among the lichen
species. Beta diversity between stands/microhabitats is considered in the CCA analysis through
the use of Hill‟s scaling to analyze species turnover between stand/microhabitat sampling units.
Sample scores from CCA were used to represent the relative position of the stand on a complex
gradient and are standardized such that the within-site variance equals 1 (ter Braak 1986). Hill
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and Gauch (1980) defined the length of the ordination axis to be a range of the site scores,
expressed in multiples of the standard deviation (SD). In this scaling, stands/microhabitats that
are 2 SD apart can be interpreted as sharing less than one third of the species or have a species
turnover of over 60% (Jongman et al. 1987). Samples that are 4 SD would be expected to have
no species in common. Beta diversity (changes in species composition) can be calculated
between individual groups classified in the cluster analyses, enabling an evaluation of the effects
of environmental variables on species richness turnover. The respective matrix of environmental
variables was used to constrain the variation in lichen species. Multivariate statistics were used
to identify important environmental variables used in canonical correspondence analysis, of
which absolute t-value > 2.1 were used to indicate important canonical coefficients (ter Braak,
1998) and significant (P < 0.01) inter-set correlations.
Lichen indicator species were classified according to microhabitat specificity. Indicator
species for specific microhabitats were identified using an indicator analysis method of Dufrêne
and Legendre (1997) using indicator values of >60 and p < 0.05 from a Monte Carlo test of
significance, as implemented in PC-ORD software (McCune and Mefford 2008). The “indicator
value” describes the reliability of a species for indicating a specific microhabitat and is expressed
as a percentage of perfect indication. The indicator value combines, by multiplication, the
frequency of a species in each microhabitat relative to its abundance in all microhabitats, with
the frequency of occurrence in the sample units of the designated group of that species
(Newmaster et al. 2003). A Monte Carlo analysis assessed statistical significance of indicator
values based on the proportion of 1000 randomized trials that equaled or exceeded the maximum
indicator value for a species. This resulted in 117 indicator species for 25 different types of
microhabitats in 51 boreal forest stands that was used as a matrix for a classification analysis of
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species by microhabitat specificity. Lichen species were classified by their individual frequency
on each type of the 25 different microhabitats using Primer Software (2002). Euclidean average
linkage was used to classify lichen species by microhabitats, and the Bray–Curtis average
linkage provided an independent check of the species membership defined by Euclidean average
linkage. A similarity tree was constructed with identification of species membership within
groups representing high frequency in any particular type of microhabitat.

Results
Lichen alpha and beta diversity
Lichen diversity among the 51 stands included 147 species in 49 genera. There were 53
fruticose species, 52 foliose, and 42 crustose, of which 26 were stubble lichens. There
mycobionts were all ascomycota, except for one, Multiclavula mucida, which is a basidiomycota.
Most of the photobionts were algae (108 species), 20 were cyanobacteria, and six had both.
There were also 13 allied fungi included, which are non-lichenized (no photobiont). Not all
stands contained the same species of lichens as lichen beta diversity was high among the stands
as identified in the CCA ordination (Figure 5.3).
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Figure 5.3. Community structure CCA ordination of 51 forest stands and 147 lichen species
constrained by 23 environmental variables including three forest management treatments and the
natural burned controls.
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There is considerable variation in lichen community structure within boreal forests that
can be explained by several environmental variables. Relationships between species and stands
and environmental variables were interpretable in the canonical correspondence analysis (CCA;
Figure 5.3; Table 5.1). The overall inertia (i.e. variance) was 2.9 SD indicating considerable
dispersion among the species data. The environmental variables explained 59.24% of the
variation in community structure among the 51 stands. A Monte Carlo permutation test
confirmed that the first two axes are statistically significant (0.001 < P < 0.01) in explaining
49.6% of the variation in the species data set (Table 5.1). The respective eigenvalues for each
axis confirm that the first two axes are the most important in explaining variation among
communities of species (Table 5.1). High species/environment correlations indicate a close
correspondence between the species and the environmental variables that constrained each CCA
axis (Table 5.2). There is considerable variation among the stand and species scores of which the
bi-plot indicates the direction and relative influence of several environmental variables along two
gradients (Figure 5.3). Significant (0.001 < P < 0.01) interset correlations and t-values were used
to identify 19 important environmental variables of which 10 are associated with the first CCA
axis (Table 5.2). The ordination in Figure 5.3 identifies the number of microhabitats, the
variation in light coming through the canopy, and the presence of Abies balsamea and Picea
glauca as the most important variables that explain variation in the species along the first CCA
axis. The second CCA axis in stand ordination is strongly correlated with the number of
microhabitats, the variation in light coming through the canopy, the presence of Thuja
occidentalis and Betula papyrifera. Stand age and stands originating with wildfire and naturally
regenerating were also important variables for explaining variation on both axes, though less
strongly.

102

Table 5.1. Summary of Canonical Correspondence Analysis (CCA) for 147 lichen species in
51 forest stands constrained by 23 environmental variables. The majority of variation is
explained by the 1st and 2nd axes.
Axis

Summary Variables

1

2

3

4

Eigenvalues

0.204

0.189

0.082

0.075

Environmental correlations

0.944

0.973

0.938

0.952

Cumulative % variance explained

31.7

49.6

56.8

59.24
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Table 5.2. Statistics for the 23 environmental variables used in canonical correspondence analysis (CCA) of 51 forest
stands and 147 species. Bold values indicate variables with significant correlation and canonical coefficients.
Regression/canonical
t-values of regression
Inter set correlations
coefficients
coefficients
Environmental Variable
CCA2

CCA3

Stand Age

CCA1
0.3642

CCA2
0.3368

CCA3
-0.5138

CCA4
0.0460

CCA1
0.1558

-0.1242

-0.1254

0.0546

2.8939

2.3128

-1.5703

1.0687

Mean Stand Height (m)

0.4927

0.3369

0.1864

0.2836

0.0979

0.1133

0.1243

0.2830

2.8826

1.5651

1.1540

1.1118

Canopy Closure (Mean)

0.4252

0.0589

0.3835

0.0457

0.0663

-0.0207

0.1331

0.0810

2.0856

-0.4026

1.7415

1.6583

Light (Variance)

0.3488

0.4771

0.0915

0.0548

0.2795

0.3166

0.0616

0.1517

2.7526

3.3369

0.2912

1.0728

Picea mariana (% Cover)

-0.0657

-0.4012

-0.5881

-0.1848

-0.9328

-2.0217

-0.1862

0.6658

0.9315

-3.0933

-0.1915

1.0710

Pinus banksiana (% Cover)

-0.3741

0.4141

0.4057

0.2589

-0.7417

1.7835

0.0118

0.6651

-2.1521

2.7711

0.0123

1.0866

Picea glauca (% Cover)

0.4252

-0.1245

-0.3817

-0.1836

0.1651

-0.5040

0.0321

0.1320

2.3939

-2.5119

0.1025

0.6593

Abies balsamea (% Cover)

0.4807

-0.5897

0.2096

-0.0731

0.4951

-0.6103

0.0393

0.2209

1.7089

-3.2277

0.1396

1.2281

Populus tremuloides (% Cover)

0.1967

0.0712

0.3398

0.1242

0.0492

0.1879

0.0604

0.1664

0.3227

-1.8904

0.4080

1.7594

Populus balsamifera (% Cover)

0.1274

-0.2147

-0.0067

-0.1173

0.0303

0.0073

-0.0091

0.0807

0.6036

0.2234

-0.1864

2.5924

Salix spp. (% Cover)

0.0389

-0.1577

0.0639

-0.0698

0.0410

-0.1679

-0.0513

0.1003

0.4372

-2.7409

-0.5632

1.7216

Larix laricina (% Cover)

0.0047

-0.1427

-0.2202

0.0471

0.0391

-0.0392

-0.0141

0.1170

-0.5423

0.8332

-0.2016

0.0000

Betula papyrifera (% Cover)

0.4063

0.4552

0.0200

0.4596

0.2853

-0.2762

-0.1677

0.3188

0.8274

3.0936

-1.2622

0.0000

Thuja occidentalis (% Cover)

0.4180

0.5197

-0.2999

-0.1809

0.1737

0.3179

-0.1119

-0.1468

1.1804

3.1132

-1.4461

-2.9678

Fraxinus spp. (% Cover)

-0.0957

0.1555

0.2157

0.1802

-0.0679

0.0230

0.0210

-0.0067

-1.5710

0.8134

0.5010

-0.2512

Stem Density Live Trees (Stems/ha)

-0.3011

0.1332

0.2861

-0.0749

-0.0334

0.0537

0.0052

0.0206

-2.5191

1.2777

0.0827

0.5154

Stem Density Snags (Stems/ha)

-0.0803

0.2711

0.2334

0.3551

-0.0759

0.0365

-0.0382

0.1120

-0.0651

2.1909

-0.6174

2.8300

Basal Area (m2/ha)

0.3473

0.1425

0.5013

-0.0587

0.1975

0.0513

-0.0487

-0.1936

2.6263

0.6470

-0.4130

-2.5679

Planted treatment

-0.2974

-0.1076

0.3652

-0.3416

-0.0252

-0.0294

0.0975

-0.0018

-2.4038

-0.7214

1.6084

-0.0475

Herbicide Glyphosate treatment

-0.1597

0.3669

0.2878

-0.1024

-0.0235

0.0231

-0.0379

0.0534

-2.4481

2.6764

-0.7458

1.6413

Herbicide 2,4-D treatment

0.3994

-0.4233

0.1721

-0.3217

0.0851

-0.1404

-0.1323

-0.1046

0.8020

-2.0271

-1.2840

-1.5886

Natural regeneration control

0.2174

0.4676

-0.3652

0.3416

0.0000

0.0000

0.0000

0.0000

0.7355

2.6144

-1.0611

0.0000

Microhabitat diversity (number)

0.5788

0.7672

0.0824

0.0715

0.1475

0.0551

0.0486

0.1495

2.8544

3.7543

0.6294

1.0287
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CCA4

CCA1

CCA2

CCA3

CCA4

Lichen microhabitat specificity
Lichens display a high level of microhabitat specificity in boreal forest. The indicator
analysis identified 117 indicator species that are found on specific types of microhabitats. This
represents 80% of all forest lichen species in this study as 20% (30 species) of the forest lichens
were found on many different types of microhabitats. There are 25 different microhabitats that
are important for maintaining beta diversity among stands as displayed in the CCA ordination
and biplot (Figure 5.4). A correspondence analysis (CA) of just the 117 indicator species on the
25 microhabitats revealed considerable community structure. The relationships between these
species and the microhabitats were interpretable in the CA ordination (Figure 5.4; Table 5.3).
The overall inertia (i.e. variance) was 4.0 SD indicating considerable dispersion among the
species data. The respective eigenvalues for each axis confirm that the first two axes are the most
important in explaining variation among communities of species (Table 5.3). A Monte Carlo
permutation test confirmed that the first two axes are statistically significant (0.001 < P < 0.01)
in explaining 35.8% of the variation in the species data set (Table 5.3). Specific groups of
microhabitats are grouped with respect to trees, soils, snags and coarse woody debris (CWD).
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Figure 5.4. Lichen community structure CA ordination for 147 species within 25 different types
of microhabitats from 51 forest stands.

Table 5.3. Summary of Canonical Correspondence Analysis (CCA) for 147 species within
25 different types of microhabitats from 51 forest stands. The majority of variation is
explained by the 1st and 2nd axes.
Axis

Summary Variables

1

2

3

4

Eigenvalues

0.897

0.823

0.514

0.412

Cumulative % variance explained

18.7

35.8

46.5

55.1
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The classification of the 117 indicator species of lichens reveals a great deal of structure
including fine scale classification with no one type of microhabitat representing any more than
10% of the species diversity. Most (50%) of these lichens are found on living conifers and
conifer snags (Figure 5.5). However, some (20%) lichens are restricted to specific species of
living trees and others (30%) are only found on dead trees (snags) of which some are either
species specific or only inhabit snags that are well decayed (soft); some lichens only grow on
snags that have no bark, but are still hard to the touch (Figure 5.5). Approximately 36% of the
species are found on coarse woody debris and soil of which 2/3 of these species are found on soil
including litter and humis. Deciduous woody vegetation is microhabitat to approximately 18% of
lichens in this study, of which several species are found on shrubs and the majority of species are
found on poplars and birch trees (Figure 5.5).
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Figure 5.5. Classification (cluster analysis) of 117 indicator species for 25 different types of microhabitats in 51 boreal forest stands.
All lichens had indicator values >60 estimated using the method of Dufrêne and Legendre (1997) and p < 0.05 from a Monte Carlo
test of significance). Abbreviations are used for coarse woody debris (CWD) and litter, fibric and humus (LFH).
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Community structure of lichen biomass
There is considerable variation in the community structure of lichen species biomass,
which can be explained by several environmental variables. Relationships between species
biomass, stands and environmental variables were interpretable in the canonical correspondence
analysis (CCA; Figure 5.6; Table 5.4). The overall inertia (i.e. variance) was 1.4 SD indicating
considerable dispersion among the species data. The environmental variables explained 72.9% of
the variation in community structure among the 34 stands. A Monte Carlo permutation test
confirmed that the first two axes are statistically significant (0.001 < P < 0.01) in explaining
64.1% of the variation in the species data set (Table 5.4). The respective eigenvalues for each
axis confirm that the first two axes are the most important in explaining variation among
communities of species (Table 5.4). High species/environment correlations indicate a close
correspondence between the species and the environmental variables that constrained each CCA
axis (Table 5.5). There is considerable variation among the stand and species scores of which the
bi-plot indicates the direction and relative influence of several environmental variables along two
gradients (Figure 5.6). Significant (0.001 < P < 0.01) interset correlations and t-values were used
to identify 14 important environmental variables of which 11 are associated with the first CCA
axis (Table 5.5). The CCA ordination displayed a clear relationship among stands based on stand
age and stem density (Figure 5.6). The ordination identifies stand age, the presence of Pinus
bankisiana, and the height of the dominant canopy as the most important variables that explain
variation in the species along the first CCA axis. The second CCA axis in stand ordination is
strongly correlated with low stem density, low percent canopy and low amount of Abies
balsamea.
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Figure 5.6. Community structure CCA ordination of lichen biomass in 34 forest stands and 147
lichen species constrained by 21 environmental variables including three forest management
treatments and the natural burned controls. Dark shades represent greater lichen biomass.

Table 5.4. Summary of Canonical Correspondence Analysis (CCA) for lichen biomass in 34
forest stands constrained by 21 environmental variables. The majority of variation is
explained by the 1st and 2nd axes.
Axis

Summary Variables

1

2

3

4

Eigenvalues

0.611

0.357

0.090

0.083

Environmental correlations

0.981

0.959

0.958

0.922

Cumulative % variance explained

44.7

64.1

67.9

72.9
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Table 5.5. Statistics for the 21 environmental variables used in canonical correspondence analysis (CCA) of lichen biomass in
34 forest stands. Bold values indicate variables with significant correlation and canonical coefficients.
Environmental Variable

Inter set correlations
CCA1

CCA2

CCA3

Stand Age

0.7811

-0.0509

Mean Stand Height (m)

0.6168

0.2051

Canopy Closure (Mean)

-0.3952

Regression/canonical coefficients

t-values of regression coefficients

CCA4

CCA1

CCA2

CCA3

CCA4

CCA1

CCA2

CCA3

CCA4

-0.0058

0.0668

3.2838

1.9811

0.8527

1.1972

2.1320

1.3201

0.7691

0.8065

0.4222

-0.1925

0.2641

0.1674

0.0823

0.3444

2.4682

0.5735

0.3819

1.1931

-0.3443

0.1087

0.0398

-0.1163

-0.1063

-0.0486

0.0362

-2.5361

-2.9476

-0.5865

0.3266

0.3719

0.4196

0.1195

0.4773

0.1423

0.0158

0.0395

0.0488

1.3921

1.0843

0.8349

0.4857

-0.6666

0.2548

-0.0082

-0.0149

-4.0338

2.2267

1.3384

1.2461

-2.3124

1.4005

1.1393

0.7923

0.6223

-0.0530

0.0447

-0.2758

0.1183

0.5700

0.1038

1.0625

2.1212

1.1285

0.2782

1.1266

Picea glauca (% Cover)

-0.2313

0.2672

0.1178

0.2442

0.1193

-0.0263

0.0572

0.1155

2.1794

-0.3379

0.9954

1.5018

Abies balsamea (% Cover)

-0.5079

-0.5309

0.2202

-0.0475

-1.6078

0.6073

0.6356

0.5425

-2.4896

2.0877

1.5407

0.9822

Populus tremuloides (% Cover)

-0.0620

0.1232

-0.3630

0.1557

-0.2568

0.6283

0.0036

0.6527

-0.4311

2.0393

0.0159

1.1416

Populus balsamifera (% Cover)

-0.3251

0.2299

-0.0002

-0.0706

-0.1314

0.1573

-0.0376

0.0007

-0.7543

1.7455

-0.5641

0.0077

Salix spp. (% Cover)

-0.2535

0.0271

0.0934

0.1117

-0.2627

0.2014

0.0895

0.1318

-1.1861

1.7582

1.0571

1.1631

Larix laricina (% Cover)

-0.2219

0.0387

0.1382

0.1255

0.7165

-0.9389

-0.3193

-0.0844

-2.7238

1.0752

-1.2538

-0.2475

Betula papyrifera (% Cover)

-0.1948

-0.2082

0.0094

-0.0567

-0.4431

0.3657

0.2203

0.2949

-1.1503

1.8352

1.4962

1.4962

Stem Density Live Trees (Stems/ha)

-0.4451

-0.4048

0.0811

0.4598

-0.2914

-0.0071

0.0508

0.5981

-2.9763

-2.1461

0.4452

1.9155

Stem Density Snags (Stems/ha)

0.2783

0.1657

0.2574

-0.0927

0.2981

-0.3704

0.2450

-0.8002

0.5737

-1.3779

1.2333

-1.0092

Basal Area (m2/ha)

0.0875

0.2457

0.3029

0.2251

-0.6013

0.3364

0.1331

0.1344

-1.3403

1.4495

0.7762

0.5855

Planted treatment

-0.2361

0.1056

0.0466

0.3053

0.2853

-0.1258

0.0711

-0.2413

-2.1350

-0.9973

0.7632

-1.9337

Herbicide Glyphosate treatment

-0.2366

0.2516

-0.1590

0.0960

0.1604

0.5136

-0.1108

-0.1464

1.0378

2.1704

-1.8747

-1.8508

Herbicide 2,4-D treatment

-0.1692

0.2925

0.1227

0.0478

-0.7463

1.1069

0.0949

0.6132

-0.9365

2.6848

0.3116

1.5036

Natural regeneration control

0.3361

-0.1056

-0.0466

-0.3053

0.2279

0.1847

0.1773

0.2194

2.3850

1.0020

1.3729

0.9385

Microhabitat diversity (number)

0.3076

-0.1243

0.1565

-0.3681

-0.3128

-0.0686

0.0816

-0.3515

-1.0463

-0.4438

0.7136

-1.2977

Light (Variance)
Picea mariana (% Cover)
Pinus banksiana (% Cover)
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Discussion
Lichen richness was best explained by the number of microhabitats present in a stand.
Therefore, our first hypothesis was supported: a positive correlation between the number of
microhabitats and lichen richness exists. The indicator analysis also supported this result as 117
of 147 (80%) of the lichen species examined displayed some host specificity. The other
environmental variables that were most important for explaining lichen richness were a variation
in light and the presence of Abies balsamea, Betula papyrifera, Picea glauca and Thuja
occidentalis. All of these variables contribute to increased heterogeneity within a stand and thus
to a greater number of microhabitats. The stands examined were dominated by Picea mariana
and Pinus banksiana, so each additional tree species provides new substratum for colonization
(Schmitt and Slack 1990; Kuusinen 1996). The age of the stand was also important for
explaining lichen richness, but not as much as the primary variables mentioned. Though an
increase in structural complexity is often a product of age, older stands with a closed canopy are
less likely to have a large number of lichen species because there will not be enough light
(McMullin et al. 2010). Our results for the boreal forest are consistent with a similar study in the
Acadian forest region, which also found that a variation in light, an increased number of tree
species, and stand age were primary variables contributing to an increase in lichen richness
because they increase the number of microhabitats in a stand (McMullin et al. 2010).
Lichen biomass was best explained by a positive correlation with the presence of Pinus
banksiana, stand age and stand height, along with a negative correlation with stem density and
canopy closure. Our second hypothesis was, therefore, also supported: stand age and the amount
of light available positively influences the amount of lichen biomass. The older a forest stand,
the more time trees and lichens have to grow, which explains why the height of the trees is an
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important explanatory variable as it is associated with age. Taller trees will produce larger
branches capable of supporting a greater amount of lichen biomass. Boudreault et al. (2009)
showed that the larger branches on trees in older stands in eastern boreal woodlands supported
six times the lichen biomass than that of younger stands, despite the biomass of the branches
only doubling. Exposure to light, which is also important for lichen growth, is increased with low
canopy closure and low stem density (Coxson and Coyle 2003; Coxson and Stevenson 2007;
McMullin et al. 2011). Terrestrial lichens comprise the majority of the lichen biomass found in
lichen woodlands in eastern boreal forests of North America, and they are particularly reliant on
light reaching the forest floor (McMullin et al. 2011). Terrestrial lichen species that occur in high
biomass are often found growing on sandy soils (Brodo et al. 2001; McMullin et al 2011), which
is the soil type that Pinus banksiana typically occurs on as well (Farrar 1995). This is the reason
the presence of Pinus banksiana in a stand is closely correlated with lichen biomass. The boreal
forest is dynamic, and in eastern North America it has been shown that lichen woodlands have
the highest lichen biomass when stands are 101-200 years of age; after this time, the canopy
begins to close and stands become more moss dominated (Boudreault et al. 2009). Unless natural
disturbances such as fire occur, or selective harvesting is done to keep canopies open the
correlation between lichen biomass and stand age in the eastern region of the boreal forest may
be limited.
In forested environments, the amount of lichen biomass and richness is influenced by
additional environmental variables than those that were measured in this study. We selected our
variables because they can reasonably be included in forest management strategies. Additional
environmental variables that are difficult to manage that also influence lichen diversity include:
elevation (Berryman and McCune 2006), acid precipitation (Scott and Hutchinson 1987), air
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pollution (Henderson 2000), and temperature (Gaio-Oliveira et al. 2004). Soil type is also a
variable that will influence lichen diversity and was not measured in this study (Smith et al.
2009), but it was controlled for by only selecting stands that had sandy to sandy-loam soils. It is
likely that these difficult to manage variables will remain constant in boreal stands, which is why
they were not included in our analysis, but due to their influence on lichen diversity they should
still be considered by forest managers.
Our analysis included stands that had received post-harvest silvicultural treatments. The
chemically treated stands were selected from near the time glyphosate and 2,4-D began to be
used on an industrial level. This way, the maximum long-term effects (20-35 years) of these
treatments on lichen diversity could be examined. An equal number of stands originating at
similar times as the chemically treated stands were also included in the analysis; these were
planted stands that had not been treated with herbicides, and also stands burned by wildfire that
naturally regenerated. Our ordinations showed that all stands with any silvicultural treatments
had a different lichen community composition than the controls, while the chemically treated
stands alone had less lichen biomass than the controls or the planted stands that were not sprayed
with herbicides. All stands over 35 yrs of age had originated from a natural disturbance and
naturally regenerated. Therefore, it is expected that the older stands will cluster separately than
the controls on the ordinations because of their older age and unique structural complexity. The
younger control stands, however, should cluster with the different forest types, but they do not,
which suggests the structural complexity is being changed by silvicultural treatments. The
negative effects from herbicide applications directly on lichens in boreal woodlands have been
shown over the short-term (<3 yrs)(Newmaster et al. 1999; Nemaster and Bell 2002), but the
long-term effects are indirect as they are created by a change in forest structure.
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Lichen diversity needs to be incorporated into management strategies if it is to be
maintained in boreal forest ecosystems. To preserve lichen richness, heterogeneity within a forest
stand should to be promoted. To create heterogeneous stands, different species of trees need to
be incorporated into planting, either by planting them directly or allowing them to grow
naturally. Older trees will also contribute to an increase in the number of microhabitats, which
can be included by leaving small clumps of trees during harvesting. Snags and coarse woody
debris at different stages of decay should also be incorporated, which can be done during
harvesting by leaving individual trees or clumps, leaving stumps from harvested trees and not
disturbing existing snags. To promote lichen biomass in a stand, time and light are required
where the appropriate soil conditions occur. To achieve this, trees should be planted with low
stem densities or stands can be thinned through selectively harvesting to allow light into the
stand when canopy closure is high. Managing for an increase in terrestrial lichen biomass should
be done on sites with sandy to sandy-loam soils. Both lichen richness and biomass are correlated
with forest age until canopy closure is high enough to stop light from entering a stand. Therefore,
creating or conserving older stands with low canopy closure and high structural complexity that
are on sandy soils will help preserve lichen richness and biomass in the eastern boreal forests of
North America. If lichen diversity is not managed, consequences may include an increase in soil
erosion, altered nutrient exchanges, or a decline in the organisms that rely on lichens, such as the
forest dwelling woodland caribou.
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CHAPTER SIX
A GUIDE TO THE FRUTICOSE LICHENS OF ONTARIO
This chapter will also be published in the following book:
McMullin, R.T. and S.G. Newmaster. 2011. Lichens of Ontario: Volume 1 – The Macrolichens. Friesens
Press, Winnipeg, MB. In Preparation.

Introduction
There are 17,500 lichen species and related fungi known to science, approximately 3600
of which occur in North America (Feurer and Hawksworth 2007, Brodo et al. 2001, Esslinger
2010). In Ontario, approximately 1000 species have been reported (Macoun 1902, Ahti 1964,
Ahti and Hepburn 1967, Thomson 1984, 1997, Brodo 1988, Wong and Brodo 1992, Crowe
1994, Newmaster et al. 1998, Matthes et al. 2000, Brodo et al. 2001, Boudreault et al. 2002,
Walewski 2007). None of these reports, however, provide complete identification keys or a
complete species list for the lichens in Ontario.
Several general lichen keys have been produced for North America (Fink 1935, Hale
1979, Brodo et al. 2001) and the arctic (Thomson 1984, 1997), which cover some of the species
that occur in Ontario. Due to the large number of lichen species on the continent, only the
common species in each genus are usually included in these books. Therefore, regional keys are
still requried to identify all the known lichen species in a particular area, such as Ontario.
The first lichen lists published that are specific to Ontario were produced by Ahti (1964)
and Ahti and Hepburn (1967). Their work was limited to the macrolichens (foliose and fruticose
forms) in northern Ontario. These lists describe species habitats and distribution, but there are no
identification keys or diagnostics. This is the same for studies that include reports of lichen
species in the Province, but provide no way of identifying them (Crowe 1994, Newmaster et al.
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1998, Matthes et al. 2000, Boudreault et al. 2002). Brodo (1988) was the first to make
comprehensive keys for the lichens of Ontario, but they are limited to the Ottawa region and lack
profiles with identification diagnostics of the species. Wong and Brodo (1992) produced a list of
lichens of Southern Ontario that includes keys to a few crustose genera, but it is also regionally
limited and does not provide keys to the macrolichens. A simplified field guide to the lichens of
northern Minnesota and the southern part of northwestern Ontario was recently published by
Walewski (2007). This guide provides species profiles with some diagnostic information on 111
lichen species, but it is regionally limited and does not provide keys to the species.
For lichen species inventories or ecological studies involving lichens to be
comprehensive, keys to all the species in a given area are necessary. This became apparent
during lichen studies in chapters 2 and 4, on woodland caribou winter habitat and lichen
biomass. The resources for identifying the lichens encountered were numerous making the
process time consuming and more difficult because species that do occur in the Province had to
be worked through as well. All of the lichen species recorded in chapters 2 and 4 that occur in
high enough biomass to serve as food for woodland caribou were fruticose in form. Therefore, to
assist with further research on woodland caribou habitat, or ecological studies assessing lichens
with a high biomass, keys to all the fruticose lichens of Ontario are presented in this chapter.
In Ontario, there are 152 fruticose lichen species in 29 genera. Identification keys to all of
these species are presented here. There is an initial key to the genera, then keys to the species in
each genus. The keys are organized alphabetically by genus then species. Each genus section
starts with a general description of the genus, then a key to the species in that genus, followed by
species profiles. All keys are dichotomous and include species ranges and their frequency of
occurrence within the Province. Species profiles are provided for >80% of the species in the
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keys. They contain identification diagnostics, common names, ranges, comparisons to other
similar species and discussion on their use by woodland caribou. All commonly occurring
species in Ontario are profiled. Species names are bolded in the keys and comments sections if
they are profiled. A glossary to uncommon terms is provided at the end of the chapter.
Nomenclature follows Brummitt and Powell (1996) and the 16th edition of the North American
Lichen Checklist (Esslinger 2010).

A Key to the Fruticose Genera
The diversity in the natural world can make it difficult to group species by general
growth forms and lichens are no exception. Species in the genus Cladonia either have a foliose
primary thallus made up of basal leaflets (squamules) or a crustose one, but they also have a
fruticose secondary thallus made up of fertile stalks (podetia). The podetia are typically the most
striking and unique part of each species making them the most useful for identification. Species
in the genera Baeomyces, Dibaeis, Lichenomphalia, Pilophorus and Stereocaulon have dual
forms as well, a crustose primary thallus and fruticose fertile stalks as a secondary thallus. These
genera are also described in this fruticose section because the fertile stalks are more distinctive
than the primary thallus.
Key A – Mycobiont (fungus) a basidiomycota, fruiting bodies fleshy and mushroom-like
1a. Primary thallus crustose (granular) or foliose; secondary thallus stalked with a mushroomlike cap at the top, gills present on the lower surface of the cap......................Lichenomphalia
1b. Primary thallus membranous, composed of a thin layer of algae; secondary thallus clublike(larger at one end), unbranched or sparsely branched, creamy white or pale yellow to
pale orange, mushroom-like cap and gills absent......................................Multiclavula mucida
Key B – Mycobiont an ascomycota, fruiting bodies not fleshy and mushroom-like
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Start by Choosing One of the Five Colour Categories:
THALLUS ORANGE
1a. Thallus and apothecial disks distinctly orange, K+ red-purple (anthraquinones)......................
…..................................................................................................Telochistes chrysophthalmus
FERTILE STALKS MOSTLY PINK
1a. Thallus with two forms (dimorphic); primary thallus crustose, grey to grey-white; secondary
thallus mushroom shaped with spherical tops (apothecia), solid, stalks white to pale pink,
apothecia pink, medulla C-..........................................................................Dibaeis baeomyces
1b. Thallus with one form (monomorphic), comprised of stout finger-like stalks in clusters, erect,
hollow, spherical tops absent, pale pink-purple; medulla C+ red (gyrophoric acid).................
………............................................................................................................Dactylina arctica
THALLUS STEEL-GREY TO BLACK, MINUTE
(<1{-1.5} cm long)

1a. Thallus blue-grey, cortex distinct, in tufts often <1 cm in diameter or occasionally in mats,
subfruticose; lobes <2 mm wide with coral-like (coralloid) extensions; photobiont is Nostoc,
cells in chains, individual cells are <7(-8) μm long and globular or rounded...........Leptogium
1b. Thallus dark brown to black, cortex indistinct, filamentous branches; photobiont not Nostoc,
cells oval to cylindrical..............................................................................................................2
2a. Base of branches with distinct thread-like attachments (rhizoids); photobiont is
Stigonema, cells are 15-20 μm long, in stands that are >1 cell wide....................Spilonema
2b. Thread-like attachments at the base of the branches absent; photobiont Stigonema or
other….................................................................................................................................3
3a. Branches stout, not tapering; apothecia at the branch tips create a pore-lik depression;
photobiont is Gloeocapsa, cells are 10-15 μm long.......................Synalissa symphorea
3b. Branches long and narrow, tapering at least slightly; apothecia along the branches,
not creating a pore-like depression; photobiont Stigonema or Scytonema.....................4
4a. Branches on a mat of dark rhizine-like hyphae (hypothallus); photobiont is
Stigonema, cells are 15-20 μm long, in strands that are >1 cell wide...Ephebe lanata
4b. Hypothallus absent; photobiont is Scytonema, cells are 5-25 μm long, in
strands that are one cell wide; very rare in southern Ontario......................................
....................................................................................Thermutis velutina (Ach.) Flot.
THALLUS OR FERTILE STALKS BROWN TO BLACK
(If dark brown or black not minute, >1.5 cm long)

1a. Thallus with two forms (dimorphic); primary thallus crustose, lime green, P+ orange;
secondary thallus mushroom shaped with pale brown to brown tops (apothecia) often
beret-like...................................................................................................................Baeomyces
1b. Thallus fruticose only, tufted or pendant...................................................................................2
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2a. Thallus with spike-like projections on the margins, tufted, erect; branches flat with curled
edges.....................................................................................................................................3
3a. Medulla C+ red (gyrophoric acid)........................................................Cetrariella delisei
3b. Medulla C-...........................................................................................................Cetraria
2b. Thallus without spike-like projections on the margins, pendent or tufted; branches
round in cross section, but can be somewhat flattened at the axil or base of the branches.
.............................................................................................................................................4
4a. Thallus hair-like, pendant or subpendant, growing on bark or wood, rarely on
rocks..................................................................................................................Bryoria
4b. Thallus tufted, erect; growing on soil, heath or rocks..................................................5
5a. Pseudocyphellae inconspicuous, brown; medulla P+ red (fumarprotocetraric
acid)...............................................................................................Bryoria nitidula
5b. Pseudocyphellae conspicuous, white; medulla P- or P+ yellow...........................6
6a. Pseudocyphellae distinctly depressed; medulla P-, C-...........Cetraria aculeata
6b. Pseudocyphellae raised, flush or slightly depressed; medulla P± yellow, C+
red or pink........................................................................................................7
7a. Pseudocyphellae flush with the surface to slightly raised or slightly
depressed; medulla P+ yellow and C+ pink (alectorialic acid)..................
…...................................................................................Gowardia nigricans
7b. Pseudocyphellae distinctly raised; medulla P- and C+ pink (olivetoric
acid)...........................................................................Bryocaulon divergens
THALLUS OR FERTILE STALKS SHADES OF GREEN, YELLOW-GREEN, WHITE
OR RED
1a. With a primary and secondary thallus form (dimorphic)...........................................................2
2a. Primary thallus foliose, basal leaflets (squamules) present or absent; fertile stalks
(podetia) hollow; apothecia terminal or absent, red or pale brown to brown; spores single
celled........................................................................................................................Cladonia
2b. Primary thallus crustose; stalks solid; spores with one or more cells..................................3
3a. Thallus of irregular coral-like (coralloid), cylindrical or granular growths
(phyllocladia) that have a overall foam-like appearance; stalks usually branched,
spores >1-celled.........................................................................................Stereocaulon
3b. Phyllocladia absent; stalks usually unbranched, spores single celled…........Pilophorus
1b. One thallus form (monomorphic)..............................................................................................4
4a. Thallus erect; branches solid, irregularly shaped, covered with varying amounts of
coral-like (coralloid), cylindrical or granular growths (phyllocladia) with an overall
foam-like appearance; primary thallus crustose, disappearing; on soil or rock...................
…....................................................................................................................Stereocaulon
4b. Without phyllocladia..........................................................................................................5
5a. Distinct upper and lower surface...................................................................................6
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6a. Branches hollow, appear inflated; cortex K+ yellow; lower surface black; upper
surface grey-green..................................................................................Hypogymnia
6b. Branches solid and flat..............................................................................................7
7a. Marginal hairs (cilia) present; lower surface without a cortex............................8
8a. Lower surface of the lobe tips with soredia; upper surface K+ yellow;
lower surface and soredia K+ yellow to red.............Heterodermia leucomela
8b. Without soredia; upper and lower surface K-..................Anaptychia crinalis
7b. Marginal cilia absent...........................................................................................9
9a. Isidiate, along branch margins and surface; no soredia; upper surface white
to grey, K+ yellow; lower surface blackening towards the base....................
...............................................................................Pseudevernia consocians
9b. Sorediate, occasionally sparse, along branch margins and surface; isidia
absent; upper surface pale green, K-; lower surface whitish..........................
……...................................................................................Evernia prunastri
5b. Indistinct upper and lower surface, cortex similar on all sides....................................10
10a. Branches yellow-green or red, round in cross section, with a distinct central
cord (axis) that can been seen by stretching a main branch longitudinally – the
outer cortex will break up but the cord will stretch before breaking...............Usnea
10b. Without a distinct central cord...............................................................................11
11a. Pseudocyphellae (spots) present, white or thallus coloured, round or
elongated, raised or flush with the surface......................................................12
12a. Cortex yellow-green (with usnic acid).......................................................13
13a. Pseudocyphellae inconspicuous, flush with the surface; branches
typically flat in cross section (round in one species), ±hollow;
±sorediate.................................................................................Ramalina
13b. Pseudocyphellae conspicuous, raised; branches round in cross section
(terete), though can be somewhat flattened at the axil or base of the
branches, solid; soredia absent................................................Alectoria
12b. Cortex pale grey to pale brown (without usnic acid).................................14
14a. Growing on bark or wood; thallus pendant to subpendant;
pseudocyphellae inconspicuous................................................Bryoria
14b. Growing on soil or heath; thallus erect and tufted; pseudocyphellae
conspicuous...........................................................Gowardia nigricans
11b. Pseudocyphellae absent...................................................................................15
15a. Branches or stalks hollow..........................................................................16
16a. Branches or stalks without a cortex, medulla appears as a webby
coating on the outer surface; richly branched.........................................
……............................Cladonia subgenus Cladina (reindeer lichens)
16b. Branches or stalks with a cortex, surface smooth; unbranched or
sparsely branched...............................................................................17
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17a. Thallus ivory white, P+ orange (thamnolic acid) or yellow
(baeomycesic acid); branch tips narrowing to point.......Thamnolia
17b. Thallus pale yellow-white, P-; branch tips blunt..............................
.............................................................................Dactylina arctica
15b. Branches or stalks solid............................................................................18
18a. Thallus ivory white, unbranched or sparsely branched, worm-like........
.............................................................................................Thamnolia
18b. Thallus shades of green, richly branched...........................................19
19a. Branches ridged and wrinkled; soredia coarse, on ridges.................
......................................................................Evernia mesomorpha
19b. Branches round in cross section (terete), smooth; without soredia..
.................................................................Sphaerophorus globosus
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Keys to the fruticose species

Alectoria Ach.
FAMILY: Parmeliaceae. PHOTOBIONT: Trebouxioid. DESCRIPTION: Thallus erect
and tufted (shrubby) or pendulous, pale yellow-green, some species blackening; branches
rounded in cross section to flat and angular. Pseudocyphellae common, cigar-shaped (fusiform),
conspicuous, white to the same colour as the thallus (concolourous). Isidia absent. Soredia
absent. Rhizines absent. Apothecia rare or unknown in some species, on the sides of the
branches (lateral), lecanorine, disks light to dark brown. Asci wider at one end (clavate), 2-4
ascospores. Ascospores brown, 1-celled, ellipsoid, length >20 μm. CHEMISTRY: Usnic acid in
all species but one that does not occur in Ontario; cortex P-, K-, KC± deep yellow, C-; medulla
K± yellow, P± yellow, KC± red, C-. HABITAT: Bark, wood, rock and soil. COMMENTS:
There are seven species in Canada, two of which likely occur in Ontario. Similar in appearance
to two genera in Ontario: Usnea, which has a central axis and no pseudocyphellae and
Ramalina, which typically has shorter flattened branches and soredia. LITERATURE
INCLUDES: Brodo & Hawksworth 1977; DuRietz 1926; Howe 1911a; Motyka 1964.

1a. Thallus erect, on soil or shrubs close to the ground; branch tips darkening to black;
along the Hudson Bay coast.....................................................................A. ochroleuca
1b. Thallus pendant, on bark, wood or rock; branch tips the same colour as the branches;
distribution unknown....................................................A. sarmentosa ssp. sarmentosa
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Alectoria sarmentosa (Ach.) Ach. ssp. sarmentosa
VERNACULAR NAME: Witch‟s hair
SYNONYMS: A. stigmata Bystr., A. luteola Mont. ex de Not.
DESCRIPTION: Thallus pale yellow-green, pendant, <25(-75) cm long, smooth; branches
rounded in cross section to flat and angular, particularly where branches join, <2(-3) mm wide.
Medulla white. Spores brown, ellipsoid, 1-celled, 2-4 per ascus, <50 x <25 μm. Pycnidia
uncommon, black, on branch tips (apical), <2 mm diam. Conidia unknown.
CHEMISTRY: Cortex P-, K-, KC± deep yellow , C- (usnic acid); medulla P± yellow, K-, KC±
red , C-, UV+ blue-white (± alectoronic and squamatic acids).
HABITAT: On branches, bark, wood and rarely rock in moist forest environments.
DISTINCTIVE FEATURES: Branches smooth, rounded, flattened near joints;
pseudocyphellae white, raised, elongated; no central cord (axis) or soredia.
RANGE: It is not certain if this species actually occurs in Ontario. There have been unconfirmed
reports that it has been found, but no voucher specimens are available. Typically, it is an
abundant species on both coasts and occurs far inland. It appears as though the environmental
conditions in Ontario would support it. If it is here, it is not common.
COMMENTS: Appears similar to Usnea cavernosa, which has a central cord (axis) and its
medulla is K±Y to R (salazinic acid). Ramalina thrausta is also similar, but the tips of its
branches often turn up and produce granular soredia.
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Anaptychia Körb.
FAMILY: Physciaceae PHOTOBIONT: Chlorococcoid. DESCRIPTION: Thallus foliose or
fruticose, growing closely against the substrate or tufted, lobes branched and elongated; upper
surface green to olive brown or grey-white to brown-grey, frosted appearance (pruina) present or
absent on the lobe tips, with a slight fibrous appearance arranged longitudinally, hair-like cilia
often present on the lobe margins; lower surface with or without a cortex, white to pale brown.
Isidia absent. Soredia absent. Rhizines common when lower surface is present, white to pale
brown, typically unbranched, occasionally branched to squarrose (branched at 90o). Apothecia
common or rare, lecanorine, ±slightly stalked, on the upper surface or margins, disks pale brown
to dark brown. Asci 8-spored. Spores brown, ellipsoid, 2-celled, <45(-50) x <20(-25) μm.
Pycnidia common, forming rounded warts. Conidia colourless, cylindrical, <4(-5) x 1(-2) μm
CHEMISTRY: Cortex and medulla P-, K-, KC-, C- (no known lichen substances). HABITAT:
Bark, wood, rock and soil. COMMENTS: There are five species in Canada, two occur in
Ontario. One species in the Province is fruticose, A. crinalis, the other foliose. Species of
Heterodermia may appear similar, but they have a K+ yellow (atranorin) upper surface. Species
of Physconia may also appear similar, but they typically have a black lower surface with black
squarrose (branched at 90o) rhizines and lack the fibrous appearance arranged longitudinally on
the upper surface. LITERATURE INCLUDES: Esslinger 2007; Kurokawa 1962, 1973;
Moberg 1980.
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Anaptychia crinalis (Schaerer) Vězda

VERNACULAR NAME: Hanging fringe lichen
SYNONYM: A. kaspica (L.) Gyeln.
MISAPPLIED NAMES IN NORTH AMERICA: A. setifera Räsänen, A. ciliaris (L.) Körb.
DESCRIPTION: Thallus richly branched in hanging clumps, <6(-10) cm long; branches flat in
cross section, <1(-1.5) mm wide, white to black hairs (cilia) on the margins, upper surface greywhite to brown-grey, lower surface without a cortex, white. Soredia absent. Isidia absent.
Apothecia rare, lecanorine.
CHEMISTRY: Cortex and medulla P-, K-, KC-, C-.
HABITAT: On limestone rocks, typically at a forest edge overlooking water.
DISTINCTIVE FEATURES: Branches <8 cm long, <1.5 mm wide, white to grey-white, white
to black hairs (cilia) on the margins; lower surface without a cortex, P-, K-, without soredia.
RANGE: Uncommon, from southern Ontario to the boreal region.
COMMENTS: Heterodermia leucomela is similar in appearance, but its upper and lower
surface are K+ yellow and it has soredia on the lower surface of up-turned lobe tips.
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Baeomyces Pers.
FAMILY: Baeomycetaceae. PHOTOBIONT: Coccomyxa or Elliptochloris. DESCRIPTION:
Primary thallus crustose, granular, segmented (areolate) to minutely lobed, lobes occasionally
overlapping (squamulose), no cortex where soredia occurs. Secondary thallus fruticose fertile
stalks, <1 cm tall, solid, cortex present or absent. Isidia absent. Soredia common or absent.
Rhizines absent. Apothecia present or absent, on the tips of stalks (stipes), brown, biatorine, <5
mm wide, flat to convex. Asci pale brown, cylindrical, 8-spored. Spores colourless, 1-4-celled,
pinched at each end (fusiform) or ellipsoid. CHEMISTRY: Cortex P+ orange or yellow, K+
yellow or yellow to red, KC-, C- (stictic and norstictic acid); mature apothecia KC+ red, C+ red
(gyrophoric and lecanoric acids). HABITAT: Soil or rock, occasionally on wood or bark;
common on recently disturbed soils. COMMENTS: There are three species in Canada, two of
which occur in Ontario. Dibaeis baeomyces has a similar growth form, but the thallus is grey or
grey-white and the apothecia are round and distinctly pink. LITERATURE INCLUDES:
Thomson 1967a.

1a. Primary thallus leaflets (squamules) <1 mm wide, K+ yellow (stictic acid); common
throughout the boreal region..............................................................................B. rufus
1b. Primary thallus leaflets (squamules) <2(-2.5) mm wide, K+ yellow to red
(norstictic acid); rare, north shore of Lake Superior.......................................B. carneus
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Baeomyces rufus (Huds.) Rebent.
VERNACULAR NAME: Brown-beret lichen
DESCRIPTION: Primary thallus crustose, continuous, lime-green, occasionally with white
patches, granular, may form overlapping minute lobe-like growths (squamules); areas of the
thallus may fragment into small pieces (shizidia). Secondary thallus fruticose, composed of
solid fertile stalks that are white to pale brown with pale-brown to brown tops shaped like berets
(biatorine apothecia), <4(-8) mm tall, becoming clear when wet. Soredia present or absent,
irregular. Spores colourless, 1-celled, tapered at both ends (fusiform), <13 x <5 μm, 8 per ascus.
Pycnidia rare. Conidia <13 x <5 μm.
CHEMISTRY: Thallus P+ orange, K+ yellow, KC+ yellow, C- (stictic and traces of norstictic
acid); mature apothecia C+ red (gyrophoric and lecanoric acids).
HABITAT: Variable, on acidic soil or rock, less frequently on wood or bark, typically in shaded
environments .
DISTINCTIVE FEATURES: Lime green crustose thallus with mushroom-shaped fertile stalks
that have brown tops shaped like berets; thallus P+ orange.
RANGE: Common throughout the boreal region.
COMMENTS: B. carneus is similar in appearance and is also found in Ontario, but it has a K+
yellow to red thallus, only occurs in arctic alpine environments and is much rarer. Dibaeis
baeomyces has a similar growth form, but the thallus is grey, esorediate and P+Y. The fruiting
bodies are also round at the top and distinctly pink.
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Bryocaulon Kärnefelt
FAMILY: Parmeliaceae. PHOTOBIONT: Trebouxia. DESCRIPTION: Thallus tufted
(shrubby) or pendant, shades of red-brown to brown; branches round in cross section or
occasionally flat where the branches join (axil), stiff. Medulla white, loose, appearing web-like.
Pseudocyphellae common, white, conspicuous, flush with the surface or raised. Isidia absent.
Soredia absent. Rhizines absent. Apothecia uncommon, along the branches, lecanorine. Asci 8spored. Spores colourless, 1-celled, ellipsoid. CHEMISTRY: Medulla and pseudocyphellae P-,
K-, KC+ red, C+ red (olivetoric and physodic acids). HABITAT: On bark or soil.
COMMENTS: Similar in appearance to species of Bryoria, which are not as stiff, because
Bryocaulon has supportive tissue in the cortex, and the chemistry differs. Any of Ontario‟s
Bryoria species that have a KC+ red or C+ red reaction also have a P+ orange or yellow reaction.
There are two species in Canada and one in Ontario. LITERATURE INCLUDES: Kärnefelt
1986.

135

Bryocaulon divergens (Ach.) Kärnefelt
VERNACULAR NAMES: Heath foxhair lichen (northern foxhair )
SYNONYMS: Coelocaulon divergens (Ach.) R. Howe, Cornicularia divergens Ach., Alectoria
divergens (Ach.) Nyl.
DESCRIPTION: Thallus tufted, branching coarse, stiff, red-brown to brown, <7(-9) cm long;
branches round in cross section or occasionally flat where the branches join (axil), <0.5(-1) mm
wide, depression present or absent. Soredia absent. Isidia absent. Pseudocyphellae common,
white, raised, along the branches, <0.3(-0.5) mm wide. Apothecia rare. CHEMISTRY: Medulla
and pseudocyphellae P-, K-, KC+ red, C+ red (olivetoric and physodic acids). HABITAT: On
soil and vegetation in tundra and heath environments.
DISTINCTIVE FEATURES: Branches coarse, stiff, red-brown; pseudocyphellae white, raised;
Medulla and pseudocyphellae P-, KC+ red, C+ red; growing in heath environments.
RANGE: Common along the Hudson Bay Coast.
COMMENTS: Similar in appearance to Bryoria nitidula, which differs by its dark brown
colour, brown and inconspicuous pseudocyphellae and P+ red medulla (fumarprotocetraric acid).
Cetraria aculeata is also similar, but it is browner, has depressed pseudocyphellae, and is KCand C-.
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Bryoria Brodo & Hawksw.
FAMILY: Parmeliaceae. PHOTOBIONT: Trebouxioid. DESCRIPTION: Thallus shrubby,
tufted or pendulous, pale grey brown to brown to black; fine branches round in cross section.
Pseudocyphellae common to sparse or absent, raised to depressed, ellipsoid to elongated,
inconspicuous, white to yellow or brown. Isidia common on one species, growing out of soralia.
Soredia common to absent, white to green, in distinct soralia. Rhizines absent. Apothecia rare
or unknown in some species, on the sides of the branches (lateral), lecanorine. Asci wider at one
end (clavate), 8-spored. Spores colourless, 1-celled, ellipsoid. CHEMISTRY: Outer cortex,
inner cortex, medulla and soredia contain a large variety of chemicals and reactions depending
on the species. The most common are fumarprotocetraric acid (P+ red) and alectorialic and
barbatolic acids (P+ yellow and K+ yellow). Specialized techniques for identifying the chemistry
in Bryoria specimens are described after the key to the species. HABITAT: Bark and wood, less
frequently on rock and soil. COMMENTS: There are 21 species in Canada, 11 of which occur
in Ontario. The fine grey to brown to black hair-like appearance and inconspicuous
pseudocyphellae make this genus distinct, the chemistry clinches it. The variation within this
genus, however, makes species level identification more challenging. Bryocaulon is similar in
appearance, but the medulla and pseudocyphallae are C+ pink and KC+ red (olivetoric acid).
Species of Usnea and Alectoria may also appear similar, but their thalli are distinctly yellowgreen (usnic acid). LITERATURE INCLUDES: Brodo & Alstrup 1981; Brodo & Hawksworth
1977; DuRietz 1926; Howe 1911a; Krog 1980; McCune & Rosentreter 1993; Motyka 1964.

1a. Soredia in distinct soralia...........................................................................................................2
2a. Cortex P± red, K-; soredia P+ red, K-; pseudocyphellae absent..........................................3
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3a. Isidia spiny, growing out of the soralia; common throughout Ontario..............................
......................................................................................................................B. furcellata
3b. Isidia absent.....................................................................................................................4
4a. On rock or soil, very rarely on trees or wood; olive-brown to olive black; soralia
sparse; rare, north shore of Lake Superior and the Hudson Bay
coast..................................................................................................B. chalybeiformis
4b. On trees and wood; brown to black; soralia common; common, distribution wide
ranging......................................................................................................................5
5a. Branch diam. <0.4(-0.6) mm; shades of brown, sometimes base is slightly paler;
cortex P± red; common throughout Ontario.....................................B. fuscescens
5b. Branch diam. <0.3 mm; continuous brown-black to black; cortex always P-,
soredia white sometimes flecked with black; common, boreal to Hudson Bay....
.............................................................................................................B. lanestris
2b. Cortex and soredia P± deep yellow to orange, K± yellow; pseudocyphellae sparse or
absent……...........................................................................................................................6
6a. Soredia and cortex P-, K-; pseudocyphellae absent; uncommon, boreal to Hudson Bay.
.......................................................................................................................B. simplicior
6b. Soredia and outer cortex P + deep yellow to orange, K+ yellow, KC+ red;
pseudocyphellae sparse; common, boreal.............................................B. nadvornikiana
1b. Soredia absent............................................................................................................................7
7a. Pseudocyphellae absent; cortex and medulla P-, K-; on rock, rarely on trees or wood;
rare, north shore of Lake Superior and the Hudson Bay coast...................B. chalybeiformis
7b. Pseudocyphellae present; inner cortex and medulla P+ red or yellow, K± yellow..............8
8a. Inner cortex and medulla P+ red, K-................................................................................9
9a. On rock or soil..........................................................................................................10
\

10a. Bicoloured, main branches black, side branches brown; rare on the north shore
of Lake Superior......................................................................................B. tenuis
10b. Branches dark brown to black, colour generally continuous or along a gradient;
common along the Hudson Bay and James Bay coast.........................B. nitidula
9b. On bark or wood......................................................................................................11
11a. Bicoloured, main branches black, side branches brown, <8(-10) cm long; rare,
north shore of Lake Superior...................................................................B. tenuis
11b. Colour generally continuous, some shade of brown; <15(-20) cm long...........12
12a. Branch diameter uneven; pseudocyphellae generally oval and raised; very
common in the boreal region, uncommon in southern Ontario.......................
..............................................................................B. trichodes ssp. trichodes
12b. Branch diameter even; pseudocyphellae generally elongated, flush or
slightly depressed; rare, north shore of Lake Superior...................................
............................................................................B. trichodes ssp. Americana
8b. Outer cortex P+ yellow, K± yellow...........................................................................13
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13a. Outer cortex P+ yellow, K-; pseudocyphellae conspicuous; rare, throughout
Ontario, but most frequently found on the north shore of Lake Superior...............
................................................................................................................B. implexa
13b. Outer cortex P+ yellow, K+ yellow; pseudocyphellae inconspicuous; common in
the boreal region; uncommon in southern Ontario.............................B. capillaris

Unique Techniques for Identifying the Chemistry
in Bryoria Specimens
Some species of Bryoria are notoriously difficult to identify. Not only are there
intermediate species because of variations within species and their chemical reactions, but it can
simply be difficult to see some chemical reactions clearly largely due to the dark thallus colour.
Two specialized techniques for identification have been developed for this genus, which are not
described with the standard identification methods at the beginning of the book.

The first technique requires filter paper and a petri dish or something that can serve as
one. Tear the filter paper into small squares about 2 x 2 cm and place them in the dish. Put a
couple of branches from your sample on each filter paper square and apply the chemicals (P, K
or C) using a dropper bottle (this is typically the best technique to observe P reactions). Apply a
couple of drops making sure at least some of the branches are saturated, and then wait for 10
seconds and look for a reaction. The reaction with soredia will be easy to see. The outer cortex
colours will bleed onto the filter paper, because of this it is best to avoid soaking the entire piece
of filter paper to see the colour better at the edge of the wet part. If the inner cortex has a reaction
it is typically clear and does not bleed onto the filter paper. The medulla reaction, however, can
be the most difficult to see. It is best seen where the branches have been cut revealing the
medulla. If this reaction or any others are not clear then try the next technique.
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The second technique requires acetone and a spot plate (a white porcelain plate with
small depressions or cups). First take a couple of branches from your specimen and place them in
one of the cups on the spot plate. Next fill the cup with acetone using a dropper bottle and wait
5-10 minutes while the acetone evaporates. Blowing on the acetone or warming it with a light or
hot plate will expedite the process. Most spot plates have multiple pockets so a number of
samples can be processed at one time. Once the acetone has evaporated fully remove the
branches from the cup. The acetone will extract the chemicals in the specimen and leave them
behind on the surface of the spot plate. Using a dropper bottle, apply the chemicals (P, K or C)
directly to the plate and the reactions will be much easier to see. This technique is typically best
to observe K, C and KC reactions. Applying K to one side of a cup and C to the other side will
allow you to see each of their reactions, but they will run down and meet at the bottom of the
pocket where you can see the KC reaction as well.

It is common for multiple species of Bryoria to grow intertwined. Look closely at your
samples for different branches and particularly at the chemical reactions of each branch. With a
little practice and patience this difficult group to identify will start to become clear.
Unfortunately, there are intermediate species out there that you may never arrive at a clear
answer for, so don‟t be discouraged if you run into one of these.

140

Bryoria capillaris (Ach.) Brodo & D. Hawksw.
VERNACULAR NAME: Grey horsehair
SYNONYM: Alectoria capillaris (Ach.) Crombie
DESCRIPTION: Thallus pendant, pale grey to pale brown-grey, <25(-30) cm long; branches
fine, <0.2(-0.3) mm wide, round in cross section, small perpendicular side branches present or
absent. Soredia absent in North American specimens. Isidia absent. Pseudocyphellae common
to sparse, oval, along branch surface, white, inconspicuous, <2.5 mm long. Apothecia extremely
rare, along branches, disks pale brown and convex. Pycnidia unknown. Conidia unknown.
CHEMISTRY: Outer cortex and medulla P+ yellow, K+ yellow, KC+ red, C± pale red to pink
(barbatolic and ± aclectorialic acids).
HABITAT: On the bark of several tree types and wood, typically on conifers.
DISTINCTIVE FEATURES: Branches pale grey to pale brown-grey, fine, <0.3 mm wide,
smooth; pseudocyphellae inconspicuous; soredia absent; outer cortex P+ yellow, K+ yellow, and
KC+ red.
RANGE: Common throughout Ontario, uncommon to find it in high abundance where it occurs.
COMMENTS: Similar in appearance to B. nadvornikiana, which typically has soredia that
easily separates them, but sterile specimens are distinguished by coarser branching , shorter
branches (<10 cm long) and the outer cortex is P+ orange, though a yellow stain runs onto the
filter paper so look at the colour change on the branches directly. Small pale specimens of other
Bryoria species may also appear similar, but their chemistry will clearly distinguish them.
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Bryoria furcellata (Fr.) Brodo & D. Hawksw.
VERNACULAR NAME: Burred horsehair
SYNONYMS: Alectoria nidulifera Norrl., Cornicularia fibrillosa (Ach.) Halsey, Alectoria
chalybeiformis f. nidulifera (Norrl.) G. Merr., Bryopogon niduliferus (Norrl.) Elenkin., Cetraria
furcellata Fr.
DESCRIPTION: Thallus tufted, coarse branching, dark brown to brown-black, <9(-11) cm
long; branches round in cross section, <0.5(-0.7) mm wide, may be compressed towards base,
occasional with short spiny side branches, smooth, shiny. Soredia common, white, in soralia
along the branches, <1.1 mm long, slit-like (fissural), not as wide as the branches. Isidia
common, black to dark brown, growing out of the soralia, spiny. Pseudocyphellae absent.
Apothecia rare, pale brown to red-brown, laminal, lecanorine, <4.5 mm in diameter, concave
becoming convex with age. Pycnidia unknown. Conidia unknown.
CHEMISTRY: Outer cortex P-, K-, KC-, C-; inner cortex, medulla and soralia P+ red, K-, KC-,
C- (fumarprotocetraric acid).
HABITAT: Conifer bark and wood, rarely on rock or soil in open forest environments.
DISTINCTIVE FEATURES: Coarse branching; isidia spiny growing out of the soralia; inner
cortex, medulla and soralia P+ red.
RANGE: Common throughout Ontario.
COMMENTS: Can appear similar to three other species of Bryoria in Ontario, but the spiny
isidia are almost always present and confirm the identification. B. fuscescens is distinguished by
its lighter, pendent and dull branches, soralia that are often broader than its branches, and a Pmedulla. B. chalyberiformis by its olive-brown branches, wart-like (tuberculate) soralia, rock
substrate and P- medulla. B. simplicior by its smaller thallus size (< 5 cm long) and P- soredia.
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This is one of the few Bryoria species that will be seen near cities because of its moderate
tolerance for air pollution.

Bryoria fuscescens (Gyeln.) Brodo & D. Hawksw.
VERNACULAR NAMES: Pale-footed horsehair (speckled horsehair)
SYNONYMS: Alectoria fuscescens Gyelni., Bryopogon pacificus Gyelni., Alectoria positiva
(Gyelni.) Mot.
DESCRIPTION: Thallus pendant, shades of brown, often paler towards the base, smooth, dull
or matt, <20(-30) cm long; branches round in cross section, occasionally flattened and twisted,
<0.4(-0.6) mm wide. Soredia common, white, in soralia along the branches that are slit-like
(fissural) to wart-like (tuberculate) and broader than the branches, <0.75 mm long. Isidia absent.
Pseudocyphellae absent. Apothecia rare, disks brown to dark brown, lecanorine, <1.7 mm in
diameter. Pycnidia: unknown. Conidia: unknown.
CHEMISTRY: Outer cortex P± red, K-, KC-, C-; medulla P-, K-, KC-, C-; soralia P+ red, K-,
KC-, C- (fumarprotocetraric acid).
HABITAT: On a variety of trees and woods, typically on conifers, rarely on rock.
DISTINCTIVE FEATURES: Thallus brown to olive-brown, <30 cm long, branches <0.5 mm
wide; soredia common, P+ red, at least some of the soralia broader than the branches.
RANGE: Common throughout Ontario.
COMMENTS: Can appear similar to two other species of Bryoria in Ontario. B. lanestris,
which has dark brown to black branches that are narrower (<0.3 mm) and more brittle when
squeezed in the hand. B. chalybeiformis is also similar, but it always has a P- medulla, is
typically darker olive-brown, and occurs on rocks. It is also very rare.
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Bryoria nadvornikiana (Gyeln.) Brodo & D. Hawksw.
VERNACULAR NAMES: Spiny grey horsehair (witch‟s horsehair)
SYNONYMS: Alectoria nadvornikiana Gyeln., Alectoria altaica (Gyeln.) Räsänen, Alectoria
implexa var. nadvornikiana (Gyeln.) Zahlbr., Bryopogon nadvornikianum (Gyeln.) Gyeln.,
Bryopogon implexus var. nadvornikianus (Gyeln.) Gyeln.
DESCRIPTION: Thallus pendant, pale grey to pale brown-grey, blackening towards the base,
browning in the sun, <8(-10) cm long; branches fine, <0.3(-0.4) mm wide, round in cross section,
smooth, shiny, small perpendicular side branches common. Soredia common, in roundish
soralia, pale green to white, along branches, broader than the branches, <1.2 mm wide. Isidia
absent. Pseudocyphellae common or sparse to absent, white, elliptical to linear, <0.5 mm long,
flush to slightly raised, inconspicuous. Apothecia unknown. Pycnidia unknown. Conidia:
unknown.
CHEMISTRY: Outer cortex, medulla and soredia P+ orange, K+ yellow, KC+ red, C± pale red
to pink (barbatolic acid and small amounts of alectorialic and fumarprotocetraric acids,
chloratranorin, and traces of atranorin).
HABITAT: On the bark of several tree types and wood, typically on conifers and birch,
occasionally on rock.
DISTINCTIVE FEATURES: Branches pale grey to pale brown-grey, smooth, fine, <0.3 mm
wide, <10 cm long; pseudocyphellae inconspicuous; soredia along branches in soralia wider than
the branches; outer cortex P+ orange, K+ yellow, and KC+ red.
RANGE: Common throughout the boreal region.
COMMENTS: See B. capillaris for comparisons. Individuals that have been browned in the sun
may appear similar to B. fuscescens, but it is K- throughout. Using the filter paper method, the
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P+ orange reaction of the outer cortex can be deceiving; a yellow stain often bleeds onto the
paper instead, so look directly at the branches to see this reaction.

Bryoria trichodes (Michx.) Brodo & D. Hawksw. ssp. trichodes
VERNACULAR NAME: Horsehair
SYNONYMS: Alectoria trichodes (Michx.) D.Hawksw., Alectoria canadensis Mot., Alectoria
delicata Mot., Alectoria americana Mot., Alectoria jubata f. minuscula G.Merr.
DESCRIPTION: Thallus pendant, shades of brown, <15(-20) cm long, shiny; branches round
in cross section, <0.4(-0.6) mm wide, uneven widths throughout. Soredia extremely rare, white,
slit-like (fissural), often causing branches to bend. Isidia absent. Pseudocyphellae common,
white, oval, raised. Apothecia rare, along branches, becoming convex, disks red-brown, <2 mm
in diam. Pycnidia unknown. Conidia unknown.
CHEMISTRY: Outer cortex P-, K-, KC-, C-; medulla/inner cortex P± red, K-, KC-, C(fumarprotocetraric acid and ±atranorin)
HABITAT: On the bark of several tree types and wood, typically on conifers, rarely on rock.
DISTINCTIVE FEATURES: Thallus brown, shiny; branches with uneven widths; medulla and
inner cortex P+ red; soredia almost always absent.
RANGE: Common from Georgian Bay to the boreal region.
COMMENTS: Rare specimens that have soredia are similar to B. fuscescens, but it is
distinguished by a lack of pseudocyphellae. The much rarer B. trichodes ssp. americana is
distinguished even branch diameters and pseudocyphellae that are long and narrow, flush or
depressed, sparse, and brownish.

145

Cetraria Ach.
FAMILY: Parmeliaceae. PHOTOBIONT: Chlorococcoid or trebouxioid. DESCRIPTION:
Thallus branched, erect or partially erect, tufted, shades of brown, red-brown or olive brown;
branches with a distinct upper and lower surface, generally flat in cross section or rounded,
flattened branches often curled at the margins making them channelled to tubular, often with
spike-like marginal projections. Isidia absent, but spike-like marginal projections may appear
similar. Soredia rare. Rhizines absent. Pseudocyphellea present or absent on the lower surface
and margins, conspicuous. Apothecia present or absent, along the margins of the branches,
lecanorine. Asci narrow with one end wider (clavate), 8-spored. Spores colourless, 1-celled,
ellipsoid. Pycnidia absent or present at the tips of the marginal projections, exit hole (ostiole)
blackened. Conidia colourless, <7(-8) x 0.8(-1) μm. CHEMISTRY: Medulla P± red, K-, KC-,
C- (fatty acids {always with lichesterinic and/or protolichesterinic acid} and ±fumarprotocetraric
acid). HABITAT: Soil or heath. COMMENTS: There are three genera in Ontario that may
appear similar. Bryocaulon is distinguished by raised psuedocyphellae and a C+ red medulla
(olivetoric acid), Cetrariella by its KC+ red and C+ pink medulla (gyrophoric acid), and
Flavocetraria has a yellow-green thallus (usnic acid) instead of brown. There are nine species
and four subspecies in Canada, with six species and three subspecies occurring in Ontario.
LITERATURE INCLUDES: Brodo et al. 2001; Culberson 1965; Culberson & Culberson
1968, 1978.

1a. Branches round in cross section; pseudocephellae round and distinctly depressed; medulla P-;
along the Hudson Bay and James Bay Coast............................................................C. aculeata
1b. Branches flat in cross section; pseudocephellae linear or irregular, flush or slightly depressed,
or absent; medulla P± red..........................................................................................................2
2a. Medulla P+ red (fumarprotocetraric acid); along the north shore of Lake Superior and the
Hudson Bay coast.................................................................................................................3
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3a. Pseudocyphellae forming a white line along the margins that is rarely broken,
uncommon on the surface; branches <3 mm wide.........................................C. laevigata
3b. Pseudocyphellae irregular, common on the surface, broken up along the margins;
branches <1(-2.5) cm wide.....................................................C. islandica ssp. islandica
2b. Medulla P-..................................................................................................................4
4a. Branches with marginal cilia (hair-like projections); pseudocyphellae absent or
sparse, narrow, along the margins, inconspicuous, not continuous; upper surface
dark brown to black; lower surface pale brown to brown; known from a single
collection along the Hudson Bay coast................................................C. nigricans
4b. Marginal cilia absent; pseudocyphellae common, marginal or on the surface;
upper surface shades of brown.............................................................................5
5a. Pseudocyphellae mostly on the surface, occasionally marginal; branches <1(2.5) cm wide; along the north shore of Lake Superior and the Hudson Bay
coast; rare chemo-type.............................................C. islandica ssp. islandica
5b. Pseudocyphellae mostly marginal, occasionally on the surface branches
<5 mm wide....................................................................................................6
6a. On sandy soil; in southern to central Ontario; branches <4(-8) mm wide,
margins slightly curled in; common..........................................C. arenaria
6b. On a variety of soils types; typically in northern Ontario; branches
<2(-3) mm wide, margins heavily curled in becoming channelled to
tubular; uncommon...............................................................C. ericetorum

147

Cetraria arenaria Kärnefelt
VERNACULAR NAME: Sand-loving Iceland lichen
DESCRIPTION: Thallus branched, generally tufted, vertical or horizontal growth, upper
surface shades of dark brown, lower surface shades of brown to grey-brown, < 4(-6) cm tall;
branches <4(-8) mm wide, flat in cross section, smooth or ridged, margins curving in slightly,
with straight spike-like marginal projections typically 0.5-1 mm long. Soredia absent.
Pseudocyphellae white, marginal, continuous, rarely on the lower surface. Apothecia rare, redbrown, on branch tips.
CHEMISTRY: Medulla and pseudocyphellae P-, K-, KC-, C-, (protolichesterinic and
lichesterinic acid).
HABITAT: Sandy soil.
DISTINCTIVE FEATURES: Branches <4(-8) mm wide; pseudocyphellae marginal,
continuous, rarely on the lower surface; medulla P-; occurring on sandy soil.
RANGE: Common in southern Ontario, reaching to the southern part of the boreal region.
COMMENTS: C. ericetorum also has a P- medulla and predominantly marginal
pseudocyphellae, but it is a more northern species, the branch margins curl inwards more
becoming channelled and tubular, and it is found on other substrate besides sandy soil.
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Cetraria ericetorum Opiz
VERNACULAR NAME: Iceland lichen
DESCRIPTION: Thallus branched, generally tufted, vertical or horizontal growth, shades of
brown, <4(-5) cm tall; branches <2(-4) mm wide, flat in cross section, smooth or ridged, margins
curving in, becoming channelled to tubular, with straight spike-like marginal projections
typically 0.5-1.5 mm long. Soredia rare. Pseudocyphellae white, marginal, fairly continuous,
rarely on the lower surface. Apothecia occasional, brown, 2-5 mm wide.
CHEMISTRY: Medulla and pseudocyphellae P-, K-, KC-, C-, (lichesterinic acid).
HABITAT: Soil, typically with grass and heath.
DISTINCTIVE FEATURES: Branches <2(-4) mm wide; pseudocyphellae marginal, rarely on
the lower surface, P-; medulla P-; in northern Ontario on a variety of soil types.
RANGE: Throughout northern Ontario, common on the north shore of Lake Superior,
uncommon otherwise.
COMMENTS: Divided into two sub species that both occur in Ontario: ssp. ericetorum, which
has smooth branch surfaces, shorter marginal projections (<0.5 mm) and it is more channelled
(margins curled in); and ssp. reticulata, which has a ridged and pitted surface, longer marginal
projections (>0.5 mm) and is less channelled. C. arenaria is similar, but has flatter branches,
only grows on sandy soil and typically occurs in southern or central Ontario. C. islandica ssp.
islandica is also similar, but has wider branches (<1{-2.5} cm wide), pseudocyphellae that are
common on the lower surface and spotty on the margins, and it typically has a P+ red medulla.
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Cetraria islandica (L.) Ach. ssp. islandica
VERNACULAR NAME: True Iceland lichen
DESCRIPTION: Thallus branched, generally tufted, vertical or horizontal growth, shades of
brown, <5(-7) cm tall; branches <1(-2.5) cm wide, flat in cross section, smooth, margins curving
in, becoming channelled to tubular, with straight spike-like marginal projections that are present
or absent and 0.1-1 mm long. Soredia absent. Pseudocyphellae white, common on the lower
surface, spotty along on the margins. Apothecia rare, on the lower surface of branch tips, 2-20
mm wide.
CHEMISTRY: Medulla and pseudocyphellae P+ red, K-, KC-, C-, (fumarprotocetraric,
lichesterinic, protolichesterinic and ±protocetraric acid); rarely P- (without fumarprotocetraric
acid).
HABITAT: Soil, typically on heath.
DISTINCTIVE FEATURES: Branches <1(-2.5) cm wide; pseudocyphellae common on the
lower surface; medulla is typically P+ red.
RANGE: Uncommon, north shore of Lake Superior and Hudson Bay coast.
COMMENTS: C. laevigata also has a P+ red medulla and may appear similar, but its branches
are smaller (<3 mm wide), it typically lacks pseudocyphellae on the lower surface, and its
marginal pseudocyphellae are continuous. Also see C. ericetorum

.
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Cetrariella Kärnefelt & A.Thell
FAMILY: Parmeliaceae. PHOTOBIONT: Trebouxia. DESCRIPTION: Thallus branched,
erect or partially erect, tufted, pale to dark brown; branches generally flat in cross section, curled
at the margins often making them channelled to somewhat tubular, <4(-5) mm wide, marginal
projections absent or sparse to common. Isidia absent, but spike-like marginal projections, when
present, may appear similar. Soredia absent. Rhizines absent. Pseudocyphellae common and
apparent to sparse and inconspicuous, on the lower surface and margins, white. Apothecia
uncommon, on branch tips, lecanorine. Asci elongated with one end wider (clavate), 8-spored.
Spores 1-celled, ellipsoid. Conidia bottle-shaped. CHEMISTRY: Medulla P-, K-, KC+ red, C+
red (gyrophoric acid and ± hiascinic acid). HABITAT: On soil in exposed arctic and alpine
environments. COMMENTS: Separated from Cetraria in 1993. Similar in appearance to
species of Cetraria, but their medullas are all C-. Species of Flavocetraria can have a similar
growth form, but they have a yellow-green thallus (usnic acid) instead of brown. There are three
species in Canada and one in Ontario. LITERATURE INCLUDES: Kärnefelt 1979; Kärnefelt
et al. 1993; Thell 1995; Thell et al. 2004, 2009.

151

Cetrariella delisei (Bory ex Schaer.) Kärnefelt & Thell
VERNACULAR NAME: Snowbed Iceland lichen
SYNONYMS: Cetraria deliseri (Bory ex Schear.) Nyl., Cetraria hiascens (Fr. ) Th. Fr.
DESCRIPTION: Thallus branched, tufted, erect, pale yellow brown to dark brown, <5(-9) cm
tall; branches <1(-5) mm wide or more near the base, finely branched near the tips, flat in cross
section, smooth, margins curving up, channelled, spike-like or ciliate (hair-like) marginal
projections dense or sparse and <0.5 mm long. Pycnidia at the tips of marginal projections.
Pseudocyphellae common, white, marginal and on the lower surface. Apothecia uncommon, on
branch tips, <10(-17) mm wide.
CHEMISTRY: Medulla and pseudocyphellae P-, K-, KC+ red, C+ red (gyrophoric acid and
hiascinic acid).
HABITAT: On soil in arctic and alpine environments.
DISTINCTIVE FEATURES: Thallus yellow-brown to brown; finely branching near the tips;
medulla C+ red; pseudocyphellae marginal and on the lower surface; arctic and alpine habitat.
RANGE: Uncommon, along the Hudson Bay coast.
COMMENTS: Distinguished from several similar species of Cetraria by the fine branching
near the branch tips and the C+ red medulla. Used as fuel (burned) for cooking by Inuit in the
Northwest Territories.
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Cladonia P. Browne
FAMILY: Cladoniaceae. PHOTOBIONT: Asterochloris. DESCRIPTION: Primary thallus
crustose and disappearing (subgenus Cladina), or foliose basal leaflets (squamules)(subgenus
Cladonia). Upper surface of squamules green to grey-green or gray. Lower surface white,
without a cortex, large variation in size. Secondary thallus fruticose, fertile stalks (podetia),
erect or tufted, subgenus Cladonia grows from the upper surface or margin of the squamules,
subgenus Cladina lacks a cortex; unbranched to richly branched, hollow, with a dense cartilagelike layer that lines the inside of the hollow podetia (stereome), podetia tips with points or cups
that are closed or open at the base. Medulla white. Isidia absent. Soredia common to absent, on
squamules and/or podetia, powdery to granular. Rhizines absent. Apothecia common to rare, red
or pale brown to dark brown, biatorine, at the tips of the podetia or on the cup margins or
proliferations from the margins, rarely on the squamules. Asci wider at one end (clavate),
elongated, 8-spored. Spores colourless, 1-celled, oval to elongated and narrowing at both ends
(fusiform). Pycnidia usually at the tips of the podetia or on the cup margins, also on the
squamules and along the podetia, typically the same colour as the apothecia, red or pale brown to
dark brown, immersed to slightly projecting. Conidia curved, rarely straight, narrow, <14 X <1
μm. CHEMISTRY: Variable, includes β-orcinal depsides and depsidones, dibenzofurans, and
terpenes. Specifically, common chemistry includes atranorin, strepsilin, and the following acids:
barbatic, baeomycesic, fumarprotocetraric, norstictic, perlatolic, psoromic, squamatic, stictic,
thamnolic, and usnic. HABITAT: Soil, heath, wood, bark, or rocks with thin layers of soil.
COMMENTS: There are approximately 450 species worldwide, within which there is a large
amount of variation. The genus is usually recognisable by the erect hollow podetia with a
stereome, but the variation within the genus can make identification challenging. There are 66
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species and eleven subspecies known to occur in Ontario, all of them are included in the keys. In
northern Ontario, the reindeer lichens (subgenus Cladina) are a dominant group with a large
amount of biomass. This group was a part of Cladonia, until 1984 when it was moved to its own
genus (Cladina), then, due to genetic evidence, it was moved back to Cladonia in 2002 (Ahti
1984, Stenroos et al. 2002). See Cladonia in the foliose section for species with basal leaflets
only (no podetia). The identification of species in this genus relies heavily on chemical spots
tests. It is recommended that the ethyl alcohol based P solution be used. Spot test reactions are
generally best seen near the tips of the podetia or on the lower surface of the squamules.
LITERATURE INCLUDES: Ahti 1961, 1962, 1964, 1966a, 1973, 1980a, 1980b, 1984, 1993,
1998, 2000; Ahti & Brodo 1981; Ahti & Hyvönen 1985; Bowler 1972; Brodo et al. 2001;
Culberson 1972; Culberson & Kristinsson 1969, 1970; Culberson 1969; DePriest et al. 2000;
Esslinger 1994b; Evans 1952; Harris 1992; Holien & Tønsberg 1985; Huovinen & Ahti 1986;
Kristinsson 1971; Lendemer 2008; Ruoss 1987; Stenroos 1989a, 1989b, 1990; Stenroos et al.
2002; Thomson 1967b, 1984; Tønsberg & Goward 1992; Wetherbee 1969; Yoshimura 1968.

154

Cladonia Key A
A Key to the Cladonia Keys
1a. Stalks (podetia) absent, only the primary basal leaflets (squamules) present..............................
...........................................................................................Foliose species, not treated further
1b. Podetia present, squamules present or absent............................................................................2
2a. Podetia richly branched (>2-3 times)..........................................Key B – Richly Branched
2b. Podetia without branching or sparsely branched (1-2 times)...............................................3
3a. Podetia with red fruiting bodies (apothecia and pycnidia, only one or both may be
present).............................................................................Key C – Red Fruiting Bodies
3b. Podetia with brown fruiting bodies..................................................................................4
4a. Podetia with soredia....................................................................................................5
5a. Podetia with distinct cups at the tips; cups narrow, wide or irregular.....................
...........................................Key D – Brown Fruiting Bodies, Soredia and Cups
5b. Podetia without distinct cups, tips usually ending in a blunt or narrow point.........
.....................................Key E - Brown Fruiting Bodies, Soredia and No Cups
4b. Podetia without soredia..............................................................................................6
6a. Podetia with distinct cups at the tips; cups narrow, wide or irregular...........
...........................Key F – Brown Fruiting Bodies, Cups and No Soredia
6b. Podetia without distinct cups, tips usually ending in a blunt or narrow
point.............Key G – Brown Fruiting Bodies, No Cups and No Soredia

Cladonia Key B – Richly Branched
1a. Cortex absent, stalks or branches (podetia) appearing fibrous and webby under
magnification; primary basal leaflets (squamules) absent (the reindeer lichens, previously in
their own genus, Cladina, now subgenus Cladina)...................................................................2
2a. Thallus grey to grey-white, without usnic acid; surface P+ red, K+ yellow (often pale),
KC-......................................................................................................................................3
3a. Base of the branches grey or tan to dark brown inside and out, basal surface is also
spotted with grey patches; common throughout Ontario.........................C. rangiferina
3b. Base of the branches black inside and out (also spotted with grey patches) – cut the
basal branches on a 45o angle to see the black interior; common throughout northen
Ontario...............................................................................................................C. stygia
2b. Thallus yellow-green, with usnic acid; surface P± red or bright yellow, K-, KC+ dark
yellow.................................................................................................................................4
4a. Forming mats with an even surface, no rounded mounds; main stems present, treelike; surface P± red........................................................................................................5
5a. Surface is typically P-, very rarely P+ red (fumarprotocetraric acid); branch tips
usually facing all directions and not generally browning; main branches
0.7-1.3 mm wide; common throughout Ontario....................C. arbuscula ssp. mitis
155

5b. Surface is typically P+ red (fumarprotocetraric acid), rarely P-; branch tips are
oriented in one direction and browning; main branches 0.9-1.8 mm wide;
uncommon................................................................C. arbuscula ssp. squarrosa
4b. Forming rounded mounts across the surface of a mat, appearing cauliflower like;
main stems lacking, instead there is a network of smaller branches; surface P±
bright yellow..............................................................................................................6
6a. Surface P-; very common in northern Ontario, less so in the south...C. stellaris
6b. Surface P+ bright yellow (psoromic acid), best seen near branch tips; rare...........
........................................................................................C. stellaris var. aberrans
1b. Cortex partially or fully present, generally smooth where cortex is present, squamules usually
present........................................................................................................................................7
7a. Stalks (podetia) sorediate near tips, P+ red (fumarprotocetraric acid); common in northern
Ontario, rare in southern Ontario..................................................................C. scabriuscula
7b. Podetia without soredia, P± red............................................................................................8
8a. Podetia P+ red (fumarprotocetraric acid).........................................................................9
9a. Typically with cups at the tips, cups and podetia perforated; common throughout
Ontario except for the extreme south.....................................................C. multiformis
9b. Cups present or absent, without perforations...........................................................10
10a. Tips of the podetia cupped, cups often irregular; common throughout Ontario.....
........................................................................................................C. phyllophora
10b. Tips of the podetia without cups, pointed; common in southern Ontario to the
southern boreal region...........................................................................C. furcata
8b. Podetia P- or P+ orange.................................................................................................11
11a. Podetia P+ orange (thamnolic acid); rare chemotype................................C. crispata
11b. Podetia P-.................................................................................................................12
12a. Podetia K+ yellow (atranorin) and C+ pink (merochlorophaeic acid), either
may be faint; rare in central Ontario, on the north shore of Lake Superior and
the Hudson Bay coast............................................................................C. wainioi
12b. Podetia K-, C-...................................................................................................13
13a. Podetia cortex bright UV+ bright blue-white (squamatic acid)..................14
14a. Cups with margins curling inwards, some cups may appear as flaring
openings along the stalk; common throughout Ontario..........C. crispata
14b. Cups absent...........................................................................................15
15a. Podetia yellow-green, KC+ dark yellow (usnic acid); common
throughout Ontario............................................................C. uncialis
15b. Podetia grey-green to pale brown, KC-, usnic acid absent; rare in
northern Ontario...........................................................C. subfurcata
13b. Podetia cortex UV-....................................................................................16
16a. Podetia growing horizontally (along the ground); rare in southern
Ontario........................................................................C. dimorphoclada
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16b. Podetia growing vertically; common to uncommon throughout central
and northern Ontario.....................................................C. amaurocraea

Cladonia Key C – Red Fruiting Bodies
1a. Stalks (podetia) with soredia......................................................................................................2
2a. Podetia with distinct cups at the tips, wide narrow or irregular..........................................3
3a. Podetia P+ orange, K+ bright yellow (thamnolic acid); common throughout northern
Ontario, rare in southern Ontario...................................................................C. digitata
3b. Podetia P-, K-................................................................................................................4
4a. Medulla UV+ blue-white (scrape the outer surface to see the reaction); common
throughout central and northern Ontario............................................C. sulphurina
4b. Medulla UV-...........................................................................................................5
5a. Podetia <4(-8) cm tall; cups regular to irregular; soredia fine (powdery);
common throughout northern Ontario, uncommon in southern Ontario......
..........................................................................................................C. deformis
5b. Podetia <2(-3) cm tall; cups regular; soredia granular; common throughout
Ontario...............................................................................................C. pleurota
2b. Podetia without distinct cups at the tips.............................................................................6
6a. Podetia P+ orange, K+ bright yellow (thamnolic acid).................................................7
7a. Podetia pin-like, <1 mm wide and <2(-5) cm tall; basal leaflets (squamules) <3 x
<4 mm; common in southern and northeastern Ontario............................................
......................................................................................C. macilenta var. macilenta
7b. Podetia irregular, not pin-like, 1-5 mm wide, <2.5(-4) cm tall; squamules <10 x
<10 mm; common throughout northern Ontario, rare in southern Ontario...............
.................................................................................................................C. digitata
6b. Podetia P-, K-................................................................................................................8
8a. Medulla UV+ bright blue-white (squamatic acid); podetia <8 mm tall, KC+ dark
yellow (usnic acid); in the southern region of southern Ontario..........C. incrassata
8b. Medulla UV± blue-white; podetia 1-4.5 cm tall, KC+ orange (barbatic acid)........9
9a. Podetia width consistent throughout; soredia fine (powdery), rarely slightly
granular, covering all of the podetia except occasionally at the very base;
common in southern and northwestern Ontario.......C. macilenta var. bacillaris
9b. Podetia widening towards tips; soredia coarsely granular, developing between
cortical segments (areolae), generally on the upper half to two thirds of the
podetia; rare in southern Ontario.....................................................C. floerkeana
1b. Podetia without soredia............................................................................................................10
10a. Podetia with distinct cups at the tips................................................................................11
11a. Podetia UV+ bright blue-white, P-, K- (squamatic acid) or UV-, P+ orange, K+
bright yellow (thamnolic acid), usually densely coved in squamules; very rare in
northern Ontario......................................................................................C. bellidiflora
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11b. Podetia UV- or dull white, P-, K-, without squamules or sparsely covered, goblet
shaped; common throughout northern Ontario..........................................................12
12a. Zeorin present, cannot be seen with spot tests, old herbarium specimens will
have hair-like zeorin crystals on the surface, otherwise cannot reliably be
distinguished from C. borealis without thin layer chromatography....C. coccifera
12b. Zeorin absent.........................................................................................C. borealis
10b. Podetia without distinct cups at the tips..........................................................................13
13a. Podetia UV+ bright blue-white, P-, K- (squamatic acid) or UV-, P+ orange, K+
bright yellow (thamnolic acid), usually densely coved in squamules; very rare in
northern Ontario......................................................................................C. bellidiflora
13b. Podetia UV- or dull white, P-, K-, usually without squamules or sparsely covered;
very common throughout Ontario.............................................................C. cristatella

Cladonia Key D – Brown Fruiting Bodies, Soredia and Cups
1a. Stalks (podetia) P-......................................................................................................................2
2a. Podetia UV+ bright blue-white (squamatic acid); cup margins curling inwards; common
throughout Ontario except for the extreme southern region..................................C. cenotea
2b. Podetia UV± dull blue-white (homosekikaic acid); cup margins not curling inwards.........3
3a. Podetia yellow-green, KC+ dark yellow (usnic acid), UV-, goblet shaped, <1.5(-2) cm
tall...................................................................................................................C. carneola
3b. Podetia grey-green, KC-, UV+ dull blue white, tall and slender, <7(-9) cm tall,
<2(-3) mm wide; common throughout Ontario.......................................................C. rei
1a. Podetia P+ red (fumarprotocetraric acid)...................................................................................4
4a. Cups narrow, the largest ones are <2.5x the width of the podetia........................................5
5a. Soredia powdery, continuous, covering the entire podetia..............................................6
6a. Podetia tapering, <2.5(-3) cm tall, cups rare, typically unbranched; basal leaflets
relatively large and persisting; common throughout Ontario................C. coniocraea
6b. Podetia not distinctly tapering, <8(-10) cm tall, irregular cups common, typically
with irregular branching near the tips; basal leaflets relatively small or
disappearing; common in northern Ontario, uncommon in southern Ontario.............
...................................................................................................................C. subulata
5b. Soredia powdery or granular, continuous or in patches; podetia with a cortex covering
at least the bottom 1-2 mm, typically unbranched...........................................................7
7a. Podetia <10(-15) cm tall, cortex covering at least the bottom half; soredia powdery,
in patches.....................................................................................................C. cornuta
7b. Podetia <3(-4) cm tall, cortex at the base covering less than half of the length;
soredia powdery or granular, patchy or continuous...................................................8
8a. Podetia <2.5(-3) cm tall, cortex on the first 1-2 mm; soredia powdery and
continuous; common throughout Ontario.........................................C. coniocraea
8b. Podetia <3(-4) cm tall, cortex on more than the first 1-2 mm and covering less
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than half; soredia granular and patchy; apparently uncommon, likely included
with C. coniocraea in the past.......................................................C. ochrochlora
4b. Cups broad, the largest ones are >2.5x the width of the podetia..........................................9
9a. Cups regular, deep and distinct......................................................................................10
10a. Stalk and cups trombone shaped, covered with powdery soredia throughout, cortex
absent throughout; common throughout Ontario.....................................C. fimbriata
10b. Stalk and cups goblet shaped, soredia granular, often with a cortex on the lower
(basal) part of the stalk............................................................C. chlorophaea group
9b. Cups irregular, shallow and often indistinct..................................................................11
11a. Cups common on most podetia in a cluster; soredia slightly granular to powdery;
podetia <7(-9) cm tall, unbranched or sparsely branched; common throughout
Ontario................................................................................................................C. rei
11b. Cups uncommon and if they occur will only be on the odd podetia in a cluster;
soredia coarsely granular; podetia <3.5(-5) cm tall, branching frequent and
contorted; rare in southern Ontario and on the north shore of Lake Superior.............
..................................................................................................................C. ramulosa

Cladonia Key E - Brown Fruiting Bodies, Soredia and No Cups
1a. Stalks (podetia) P- or P+ orange or yellow (±thamnolic, ±norstictic or ±psoromic acid).........2
2a. Podetia P+ orange or yellow.................................................................................................3
3a. Podetia P+ bright yellow, K- (psoromic acid) or P+ pale yellow, K+ pale yellow
(atranorin and a low concentration of norstictic acid); uncommon in northwestern
Ontario.........................................................................................................C. acuminata
3b. Podetia P+ orange............................................................................................................4
4a. Podetia K+ yellow to red (a high concentration of norstictic acid)........C. acuminata
4b. Podetia K+ bright yellow (thamnolic acid); rare in southern Ontario to the southern
boreal region...........................................................................................C. parasitica
2b. Podetia P-.............................................................................................................................5
5a. Podetia distinctly UV+ white or blue-white, KC-, and without a cortex........................6
6a. Podetia UV+ white (perlatolic acid), <3(-4) cm tall; soredia granular; uncommon
throughout northern Ontario, rare in southern Ontario.........................C. decorticata
6b. Podetia UV+ bright blue-white (squamatic acid), <8(-10) cm tall; soredia powdery;
rare on the north shore of Lake Superior.....................................................C. glauca
5b. Podetia UV-, KC+ dark yellow (usnic acid)...................................................................7
7a. Podetia <7(-8) cm tall, unbranched or with sparse branching; uncommon along the
Hudson Bay coast......................................................................................C. cyanipes
7b. Podetia <1.5(-2) cm tall, unbranched; rare throughout northern Ontario....................
............................................................................................................C. bacilliformis
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1b. Podetia P+ red (fumarprotocetraric acid)..................................................................................8
8a. Podetia usually branched towards the tips............................................................................9
9a. Soredia powdery, covering the entire podetia except occasionally a small region with a
cortex near the base; branching sparse; podetia typically without squamules; common
in northern Ontario, uncommon in southern Ontario......................................C. subulata
9b. Soredia granular, occurring near the tips; branching common; podetia typically with
squamules; common in northern Ontario, rare in southern Ontario.........C. scabriuscula
8b. Podetia typically unbranched, the odd one in a cluster may be sparingly branched 1-2
times, but most are unbranched (simple)............................................................................10
10a. Podetia UV+ white (grayanic acid); uncommon from southern Ontario to the southern
boreal region................................................................................................C. cylindrica
10b. Podetia UV-..................................................................................................................11
11a. Podetia K+ yellow (atranorin); rare in southern Ontario and on the north shore of
Lake Superior..........................................................................................C. ramulosa
11b. Podetia K-...............................................................................................................12
12a. Basal leaflets (squamules) relatively small (<2{-3} x <1 mm) or disappearing..
...........................................................................................................................13
13a. Soredia coarsely granular, patchy; podetia <3.5(-5) cm tall.......C. ramulosa
13b. Soredia powdery, continuous, covering the entire podetia except a small
region with a cortex near the base; podetia <8(-10) cm tall; common in
northern Ontario, uncommon in southern Ontario.......................C. subulata
12b. Basal leaflets relatively large (>3 mm wide) and persisting...........................14
14a. Soredia powdery, continuous, covering the entire podetia.............15
15a. Podetia tapering, <2.5(-3) cm tall, cups rare, typically
unbranched; basal leaflets relatively large and persisting;
common throughout Ontario..................................C. coniocraea
15b. Podetia not distinctly tapering, <8(-10) cm tall, irregular cups
common, typically with irregular branching near the tips; basal
leaflets relatively small or disappearing; common in northern
Ontario, uncommon in southern Ontario...................C. subulata
14b. Soredia powdery or granular, continuous or in patches; podetia
with a cortex covering at least the bottom 1-2 mm........................16
16a. Podetia <10(-15) cm tall, cortex covering at least the bottom
half; soredia powdery, in patches; common in northern Ontario,
rare in southern Ontario..............................................C. cornuta
16b. Podetia <3(-4) cm tall, cortex covering less than half; soredia
powdery or granular, patchy or continuous.............................17
17a. Podetia <2.5(-3) cm tall, cortex on the first 1-2 mm; soredia
powdery and continuous; common throughout Ontario........
.........................................................................C. coniocraea
17b. Podetia <3(-4) cm tall, cortex on more than the first
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1-2 mm and covering less than half; soredia granular and
patchy; apparently uncommon, likely included with C.
coniocraea in the past...................................C. ochrochlora

Cladonia Key F – Brown fruiting Bodies, Cups and No Soredia
1a. Stalks (podetia) P- or P+ orange................................................................................................2
2a. Podetia P-..............................................................................................................................3
3a. Podetia UV+ bright blue-white, KC- (squamatic acid); some cups may appear as
flaring openings along the stalk; common throughout Ontario.......................................4
4a. Podetia without leaflets (squamules) or sparsely covered towards the base; cups
with margins curling inward.......................................................................C. crispata
4b. Podetia densely covered in squamules that are larger at the base and get
progressively smaller towards the tip; cup margins not curling inward.......................
.................................................................................................................C. squamosa
3b. Podetia UV-, KC+ dark yellow (usnic acid), primary squamules disappearing;
common to uncommon throughout central and northern Ontario..........C. amaurocraea
2b. Podetia P+ orange, K+ bright yellow, UV- (thamnolic acid); some cups may appear as
flaring openings along the stalk; uncommon chemotypes....................................................5
5a. Podetia without leaflets (squamules) or sparsely covered towards the base; cups with
margins curling inward....................................................................................C. crispata
5b. Podetia densely covered in squamules that are larger at the base and get progressively
smaller towards the tip; cup margins not curling inward.............................C. squamosa
1b. Podetia P+ red (fumarprotocetraric acid)..................................................................................6
6a. Extensions or proliferations from the centre of the cups, typically forming multiple tiered
cups on a podetium, appearing ladder-like, unbranched; common throughout Ontario.........
..........................................................................................................................C. verticillata
6b. Extensions or proliferations from the margins of the cups or absent; podetia branched or
unbranched............................................................................................................................7
7a. Podetia K+ distinctly bright yellow (with high amounts atranorin); uncommon on the
north shore of Lake Superior and the Hudson Bay Coast.............................C. ecmocyna
7b. Podetia K- or faintly yellow (± low amounts of atranorin).............................................8
8a. Cortex within the cups separated into small rounded units (areolae) that are dense or
sparse, appearing cobblestone-like when dense; podetia goblet shaped, typically
<3 cm tall....................................................................................................................9
9a. Basal leaflets (squamules) large, <7(-10) x <7(-10) mm, leaf-like, wavy,
growing tightly together to form a continuous radiating rosette; common
throughout Ontario except for the extreme southern region.................C. pocillum
9b. Squamules smaller, <7 x <4 mm, scattered, irregular, often overlapping, not
continuous and not forming a rosette..................................................................10
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10a. Cortex with a frosted appearance (pruina), best seen on the upper surface of
the squamules; medulla K+ yellow to yellow-brown (atranorin); on
calcareous soil or limestone; uncommon in southern Ontario....C. magyarica
10b. Cortex without pruina; medulla K-; on acidic soil or granite; common
throughout Ontario........................................................................C. pyxidata
8b. Cortex within the cups continuous, smooth, ±cracked, but not in areolae; podetia
with a larger stalk length to cup width ratio, not goblet shaped; typically >3 cm tall
.................................................................................................................................11
11a. Cups heavily perforated, with fine proliferations from the margins;
common throughout Ontario except for the extreme southern and
northern regions..............................................................C. multiformis
11b. Cups without perforations, or with the odd hole, but sparse.............12
12a. Podetia generally <17(-18) cm tall, perforations slit-like along the
stalk, generally unbranched; cups narrow; basal leaflets
(squamules) absent; rare along the Hudson Bay coast and the
north shore of Lake Superior..........................................C. maxima
12b. Podetia generally <8 (10) cm tall; perforations along the stalk
absent or sparse; cups ±narrow; squamules present or absent....13
13a. Cups narrow, <2x the width of the stalk, infrequent, often
occurring on only a few podetia in a cluster; branching absent
or sparse; podetia stalks <1.5(-2) mm wide; common in
northern Ontario, rare in southern Ontario................................
..............................................................C. gracilis ssp. gracilis
13b. Cups wide, >2x the width of the stalk, common, on all or
most podetia in a cluster; branching common or absent;
podetia stalks <4(-5) mm wide; common throughout Ontario.
...............................................................................................14
14a. Cups regularly shaped, typically without leaflets
(squamules); podetia colour and texture the same beyond
the basal area, base darkening without pale spotting...........
.....................................................C. gracilis ssp. turbinata
14b. Cups irregularly shaped, often with squamules; podetia
pale and dull with a felt-like appearance towards the tips,
base often black with pale rounded spots...C. phyllophora

Cladonia Key G – Brown fruiting Bodies, No Cups and No Soredia
1a. Stalks (podetia) P-, P+ orange or P+ yellow..............................................................................2
2a. Podetia P-..............................................................................................................................3
3a. Podetia UV+ bright blue-white, K- (squamatic acid); common throughout Ontario.......
......................................................................................................................C. squamosa
3b. Podetia UV-, K± pale yellow...........................................................................................4
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4a. Podetia K-, KC+ dark yellow (usnic acid); podetia generally <1 cm tall; common in
northern Ontario, uncommon in southern Ontario......................................C. botrytes
4b. Podetia K+ pale yellow (atranorin), KC-; podetia generally <2 cm tall.....................5
5a. Basal leaflets (squamules) small, <2(-3) x <1.5(-2) mm; apothecia very common,
dark brown; common throughout Ontario...............................................C. cariosa
5b. Squamules large, <6(-8) x <4(-6) mm; apothecia rare, brown; uncommon
throughout Ontario.......................................................................C. symphycarpia
2b. Podetia P+ yellow or orange.................................................................................................6
6a. Podetia P+ bright yellow, K- (psoromic acid), with rounded plates of cortex (peltate or
areolate) that are scattered or dense.................................................................................7
7a. Podetia <2 cm tall; uncommon in southern Ontario..................................C. dahliana
7b. Podetia <6 cm tall; rare in northwestern Ontario.................................C. macrophylla
6b. Podetia P+ orange, K+ yellow or yellow to red..............................................................8
8a. Podetia K+ bright yellow (thamnolic acid); podetia usually covered with small
leaflets (squamules); basal squamules <5(-7) mm long; common throughout
Ontario.....................................................................................................C. squamosa
8b. Podetia K+ yellow to red (norstictic acid); basal squamules dominant, generally
7-17 mm long..............................................................................................................9
9a. Apothecia common, dark brown; atranorin absent (TLC required); rare in
southern Ontario...........................................................................C. polycarpoides
9b. Apothecia rare, brown; atranorin present (TLC required), uncommon throughout
Ontario..........................................................................................C. symphycarpia
1b. Podetia P+ red (fumarprotocetraric acid)................................................................................10
10a. Podetia K+ distinctly bright yellow (with high amounts atranorin); uncommon on the
north shore of Lake Superior and the Hudson Bay Coast...............................C. ecmocyna
10b. Podetia K- or faintly yellow (± low amounts of atranorin).............................................11
11a. Basal leaflets (squamules) large and dominant, <20(-25) x <5(-7) mm; cortex K+
pale yellow (atranorin); common throughout Ontario...................................C. turgida
11b. Squamules comparatively small, <4(-8) x <3(-5) mm; cortex K± pale yellow
(atranorin)...................................................................................................................12
12a. Podetia with blunt tips that almost always have apothecia, heavily perforated or
split longitudinally, K± pale yellow.....................................................................13
13a. Podetia grey to grey-green, <2 cm tall, K+ pale yellow (atranorin); apothecia
dark brown, usually no more than 2x the width of the podetia; common
throughout Ontario............................................................................C. cariosa
13b. Podetia green to grey-green, <1(-1.5) cm tall, K-; apothecia pale brown or
rarely brown, usually several times the width of the podetia; uncommon in
southern Ontario........................................................................C. peziziformis
12b. Podetia narrowing to points that almost never have apothecia, longitudinal
perforations absent or sparse, K- or rarely K+ pale yellow (atranorin)..............14
14a. Podetia <17(-18) cm tall, perforations slit-like along the stalk, generally
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unbranched; cups narrow; basal leaflets (squamules) absent; rare along the
Hudson Bay coast and the north shore of Lake Superior.................C. maxima
14b. Podetia <10 cm tall, perforations usually absent, typically unbranched and
cupless, rarely with narrow cups, squamules present or absent.....................15
15a. Base of the podetia black inside and out (including the stereome); rare in
the extreme northern region of Ontario................C. gracilis ssp. elongata
15b. Base of the podetia pale yellow-brown to brown inside and out
(including the stereome); common in northern Ontario, rare in southern
Ontario...................................................................C. gracilis ssp. gracilis
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Cladonia acuminata (Ach.) Norrl.
VERNACULAR NAME: Branching pebblehorn
SYNONYMS: C. norrlinii Vain., C. acuminata var. norrlinii (Vain.) Lynge
DESCRIPTION: Primary thallus foliose, basal leaflets (squamules), persisting, <8(-10) x 3(5) mm, upper surface grey-green, lower surface white. Secondary thallus stalked (podetia),
erect, <4(-5) cm tall, <2.5(-3) mm wide, typically unbranched, narrowing to a point, cupless,
densely or sparsely covered in squamules, cortex disappearing, areas without cortex dull white,
cortex is a grey-white, longitudinal depressions and perforations present or absent. Soredia
present or absent, granular, on the lower surface of the squamules and areas of the podetia where
the cortex is absent. Apothecia common, brown, at the tips of the podetia, <2(-3) mm wide.
CHEMISTRY: Cortex P+ orange, K+ yellow to red, KC-, C- (atranorin and high amounts of
norstictic acid) or P+ yellow, K+ pale yellow, KC-, C- (atranorin and low amounts of norstictic
acid) or rarely P+ bright yellow, K-, KC-, C- (psoromic acid).
HABITAT: On calcareous soil.
DISTINCTIVE FEATURES: Stalks (podetia) grey-white, cupless, with granular soredia,
cortex disappearing, <4(-5) cm tall, <2.5(-3) mm wide, typically unbranched; cortex P+ orange,
K+ yellow to red or P+ bright yellow.
RANGE: Uncommon in northwestern Ontario.
COMMENTS: Most similar in appearance to C. decorticata, which is distinguished by negative
spots tests (P-, K-, C-)(perlatolic acid). May also appear similar to C. coniocraea and C.
ochrochlora, but they are both P+ red (fumarprotocetraric acid). The rare chemotype with
psoromic acid was previously considered a separate species, C. norrlinii.
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Cladonia amaurocraea (Flörke) Schaer.
VERNACULAR NAME: Quill lichen
SYNONYM: Capitularia amaurocraea Flörke
DESCRIPTION: Primary thallus foliose, basal leaflets (squamules), disappearing, rarely seen,
<1.7(-2) x <1.7(-2) mm, upper surface grey-green, lower surface white. Secondary thallus
stalked (podetia), erect, <10(-12) cm tall, <1.5(-3.5) mm wide, branched, typically in dense
clusters, yellow-green to olive-green, tips pointed or cupped, cups closed (without an opening to
the interior of the podetia), typically without squamules, cortex present throughout, surface
continuous or cracked and segmented (areolate), proliferations from the cup margins and tips
without cups narrowing to spike-like points and browning. Soredia absent. Apothecia rare,
single or in clusters at the tips of the podetia or on the cup margins, yellow-brown to brown, <2(3.5) mm wide.
CHEMISTRY: Cortex P-, K-, KC+ dark yellow, C- (usnic and barbatic acids).
HABITAT: On soil and rocks with a thin soil layer.
DISTINCTIVE FEATURES: Stalks (podetia) yellow-green to olive-green, tips pointed or
cupped, <10(-12) cm tall, <1.5(-3.5) mm wide, cups closed, proliferations from the cup margins
and tips without cups narrowing to spike-like points; cortex P-, KC+ yellow.
RANGE: Uncommon to common throughout northern and central Ontario.
COMMENTS: Specimens with cups are distinct. Specimens without cups appear most similar
to C. uncialis, which typically has a UV+ blue-white medulla (squamatic acid) and the branch
tips are not as brown or not brown at all. C. gracilis ssp. gracilis will also appear similar to
cupless specimens, but its cortex is P+ red (fumarprotocetraric acid). Used as a food source by
woodland caribou.
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Cladonia arbuscula (Wallr.) Flot. ssp. mitis (Sandst.) Ruoss
VERNACULAR NAMES: Reindeer lichen (green reindeer lichen)
SYNONYMS: C. mitis Sandst., Cladina mitis (Sandst.) Mong., Cladina arbuscula (Wallr.) Hale
& W.L. Culb. ssp.mitis (Sandst.) Burgaz
DESCRIPTION: Primary thallus crustose, pale yellow, forming a thin crust of warts,
disappearing, rarely seen. Secondary thallus richly branched, tufted, <9(-15) cm tall, pale
yellow-green to yellow-gray, occurring in tufts forming mats, main branches 0.7-1.3 mm wide,
branch tips browning with 2-5 points, occasionally slightly oriented in one direction, outer cortex
lacking, medulla appears as a webby coating on the outer surface (best seen through a hand lens
or a dissecting microscope). Soredia absent. Apothecia rare, brown to red-brown,
inconspicuous, 0.5-1.2 mm wide, at the tips of some branches, typically one per branch or
clustered.
CHEMISTRY: Thallus P± red, K-, KC+ dark yellow, C- (usnic acid and rarely
fumarprotocetraric acid).
HABITAT: On soil, moss, heath and rocks with a thin soil layer.
DISTINCTIVE FEATURES: Thallus yellow-green, tufted forming mats; main branches 0.71.3 mm wide branch tips browning, occasionally slightly oriented in one direction; KC+ yellow
and typically P-.
RANGE: Common throughout Ontario, abundant in northern Ontario.
COMMENTS: There are two subspecies known from Ontario, ssp. squarrosa and ssp. mitis,
which can be difficult to distinguish. Ssp. mitis is the most common in the province; it is usually
P- and ssp. squarrosa is usually P+ red (fumarprotocetraric acid). Ssp. squarrosa also has larger
main branches (0.9-1.8 mm wide) and the tips are more unilaterally deflexed (facing the same
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direction). Morphologically, these subspecies have intermediaries that can be unclear, but their
chemistry will usually distinguish them. Some lichenologists recognise two species, C. arbuscula
(always P+ red) and C. mitis (always P-). Often growing with C. rangiferina, which may appear
similar, but it is shades of grey instead of yellow-green (lacks usnic acid) and is P+ red
(fumarprotocetraric acid). C. stellaris is also yellow-green (with usnic acid), but it lacks main
stems, its branch tips do not tend to turn brown nor are they oriented in one direction, and it
grows in distinct rounded mounds (best seen by looking at its picture).
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Cladonia bacilliformis (Nyl.) Glück
VERNACULAR NAME: Lesser greenhorn
SYNONYM: C. carneola var. bacilliformis Nyl.
DESCRIPTION: Primary thallus foliose, basal leaflets (squamules), persisting, <2(-3) x
<0.2(-0.3) mm, upper surface shades of yellow to yellow-green, lower surface yellow to white.
Secondary thallus stalked (podetia), erect, <1.5(-2) cm tall, <1.5(-2) mm wide, unbranched,
shades of yellow to yellow-green, tips pointed, typically without squamules. Soredia common,
powdery, dense, covering the entire podetia and squamules. Apothecia uncommon, at the tips of
the podetia, <1 mm wide, pale yellow-brown. Pycnidia common on the upper surface of the
squamules and at the tips of the podetia.
CHEMISTRY: Thallus P-, K-, KC+ dark yellow, C- (usnic and barbatic acid).
HABITAT: On bark and rotting wood, rarely on moss.
DISTINCTIVE FEATURES: Podetia yellow-green, tips pointed, <1.5(-2) cm tall, <1.5(-2) mm
wide, P-, KC+ dark yellow; soredia powdery and dense, covering the entire podetia and
squamules.
RANGE: Rare, scattered throughout northern Ontario from the north shore of Lake Superior to
the Hudson Bay coast.
COMMENTS: Similar in appearance to specimens of C. cyanipes that are unbranched and
uncupped, but they are distinguished by larger podetia (<7{-8} cm tall) with a blue hue towards
the base, the soredia on the podetia are not as dense and they can be powdery or granular on the
squamules, and the basal squamules are larger (<6{-6.5} x <1 mm), and they may be absent.
Can also appear similar to uncupped specimens of C. coniocraea and C. ochrochlora, but both
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are P+ red (fumarprotocetraric acid) and typically have a region of smooth cortex and no soredia
at the base of the podetia.

170

Cladonia bellidiflora (Ach.) Schaer.
VERNACULAR NAMES: Toy soldiers (flowering cladonia)
DESCRIPTION: Primary thallus foliose, basal leaflets (squamules), persisting or
disappearing, <8(-10) x <5(-7) mm, upper surface pale green to pale yellow-green, lower surface
white. Secondary thallus stalked (podetia), erect, <4(-5) cm tall, unbranched, becoming paler
near the tips, tips with a blunt end or short narrow cups, cortex present or breaking up and
disappearing, areas with a cortex pale green to pale yellow-green, areas without a cortex white to
pale yellow, usually densely covered with squamules. Soredia absent. Apothecia common,
single or in clusters at the branch tips or on short projections from the tips or the cups margins,
red.
CHEMISTRY: Cortex P-, K-, KC+ dark yellow, C-, UV+ bright blue-white (usnic and
squamatic acids) or rarely P+ orange, K+ bright yellow, KC+ yellow, C-, UV- (usnic and
thamnolic acids).
HABITAT: On soil and humus, often with moss.
DISTINCTIVE FEATURES: Podetia pale yellow-green, usually covered with squamules, <4(5) cm tall, tips blunt or with narrow cups, P- and UV+ blue-white or P+ orange, UV-, with red
apothecia at the tips.
RANGE: Not known from Ontario. Occurs in northern Manitoba and Québec so it is likely in
the Province, but has not been recorded, yet.

COMMENTS: A distinct species in Ontario. C. cristatella may appear similar when it has
squamules on the podetia, but it never has cups, the cortex is usually more continuous and it is Pand UV- or with a slight white reaction.
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Cladonia botrytes (K.G. Hagen) Willd.
VERNACULAR NAMES: Wood soldiers (stump soldiers)
DESCRIPTION: Primary thallus basal leaflets (squamules), persisting or disappearing, <1.5
mm long, flat to convex, upper surface yellow-green, lower surface white. Secondary thallus
stalked (podetia), erect, <1(-2) cm tall, sparsely branched, cupless, yellow-green, surface
appearing slightly warty (verruculose) with segments of cortex (areolae), dull, squamules usually
absent. Soredia absent. Apothecia common, pale brown to yellow-brown, at the branch tips, <2
mm wide, flat to convex, single or occasionally clustered. Pycnidia on the upper surface of the
squamules and along the podetia.
CHEMISTRY: Thallus P-, K-, KC+ dark yellow, C- (barbatic and usnic acids).
HABITAT: On stumps and rotting wood, rarely on soil.
DISTINCTIVE FEATURES: Podetia short, <1(-2) cm tall, cupless, soredia absent, yellowgreen, apothecia pale brown to yellow-brown, KC+ dark yellow; usually directly on wood.
RANGE: Common throughout northern Ontario, uncommon in southern Ontario, absent in the
extreme south.
COMMENTS: Similar in appearance to C. cristatella, but it is larger (<2{-3} cm tall) and has
bright red apothecia.
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Cladonia cariosa (Ach.) Spreng.
VERNACULAR NAME: Split-peg soldiers
DESCRIPTION: Primary thallus foliose, basal leaflets (squamules), persisting, <5(-7) x
<1.5(-2) mm, upper surface shades of grey-green, lower surface white. Secondary thallus
stalked (podetia), erect, <1.5(-2) cm tall, <1.5(-2) mm wide, unbranched or sparsely branched,
cupless, grey to grey-green, with longitudinal ridges and perforations, tips typically with
apothecia. Soredia absent. Apothecia very common, single or in clusters at the branch tips or on
the cup margins, dark brown, <2(-3.5) mm wide.
CHEMISTRY: Cortex P± red, K+ yellow, KC-, C- (±fumarprotocetraric acid and atranorin).
HABITAT: On soil, particularly sandy soil.
DISTINCTIVE FEATURES: Podetia grey to grey-green, with longitudinal ridges and
perforations, cupless, tips typically with dark brown apothecia, P± red, K+ yellow.; soredia
absent.
RANGE: Common throughout Ontario.
COMMENTS: The P- chemotype may be mistaken for the K+ yellow (atranorin only)
chemotype of C. symphycarpia, which is distinguished by its larger squamules (<6{-8} x <4{-6}
mm). C. peziziformis is also similar in appearance, but it is K- (lacks atranorin) and has light
brown apothecia.
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Cladonia carneola (Fr.) Fr.
VERNACULAR NAME: Crowned pixie-cup
DESCRIPTION: Primary thallus foliose, basal leaflets (squamules), persisting or
disappearing, <10(-13) x <8(-10) mm, upper surface yellow-green, lower surface pale yellow to
white. Secondary thallus stalked (podetia), erect, <1.5(-2) cm tall, cups <4(-5) mm wide,
unbranched, shades of yellow-green, cupped, cup margins irregular and jagged or crown-like
(dentate), cups closed (without an opening to the interior of the podetia), cups without
perforations, typically without squamules, small basal area with a cortex. Soredia common,
powdery, covering the entire podetia except the small area with cortex at the base, rarely on the
lower surface of the squamules. Apothecia rare, on the cup margins, pale brown. Pycnidia
common, on the cup margins, pale brown.
CHEMISTRY: Thallus P-, K-, KC+ dark yellow, C-, UV- (usnic acid, zeorin and ±barbatic
acid).
HABITAT: Soil and rotting wood.
DISTINCTIVE FEATURES: Podetia yellow-green, cupped, cup margins irregular and jagged
or crown-like, covered in powdery soredia except for the cortical base, P-, KC+ yellow;
apothecia and pycnidia on the cups margins, pale brown.
RANGE: Uncommon in central and northeastern Ontario.
COMMENTS: May appear similar to C. fimbriata, which is also cupped with powdery soredia,
but it lacks jagged margins on the cups and it is P+ red (fumarprotcetraric acid). C. pleurota also
appears similar, but it has red apothecia and pycnidia and the soredia are granular. The zeorin in
old stored specimens will crystallize on the surface and appear as fine thread-like glass hairs.
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This is common with species containing zeorin, see C. coccifera for a picture of the
crystallization.

Cladonia cenotea (Ach.) Schaer.
VERNACULAR NAMES: Powdered funnel lichen (powdered pixie-funnel, floury funnel
lichen)
DESCRIPTION: Primary thallus foliose, basal leaflets (squamules), persisting or
disappearing, <4(-6) mm long, <1(-1.2) mm wide, margin rough, divided, upper surface greybrown to grey-green, lower surface white. Secondary thallus stalked (podetia), erect, <7(-10)
cm tall, <5(-6) mm wide, sparingly branched, cups open to a hollow center, cup margins curl
inward, cups proliferating, cup proliferations with cups that proliferate, rarely with squamules at
the base, cortex disintegrating on upper sections or throughout, shades of brown to grey-green,
perforations throughout. Soredia very common, powdery, white to grey-green, covering the
podetia except where there is a cortex near the base. Apothecia uncommon, on cup margins,
brown, <1(-1.75) mm wide, flat to convex, single or rarely grouped. Pycnidia common, brown,
on cup margins.
CHEMISTRY: Thallus and medulla P-, K-, KC-, C-, UV+ bright blue-white (squamatic acid).
HABITAT: On soil or rotting wood in forest environments.
DISTINCTIVE FEATURES: Podetia with multiple cups with margins that curl inward,
covered in powdery soredia, P-, K-, UV+ blue-white.
RANGE: Common throughout Ontario except for the extreme south.
COMMENTS: A distinctive species. C. glauca may appear similar, it is also covered in
powdery soredia and has the same chemistry (squamatic acid), but it rarely produces cups and its
podetia are more slender (<2{-2.5} mm wide)
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Cladonia chlorophaea group
VERNACULAR NAMES: Mealy pixie-cup (false pixie-cup, fairy-cup, mealy goblet, peppered
pixie-cup)
DESCRIPTION: Primary thallus foliose, basal leaflets (squamules), persistent or
disappearing, <4(-6) mm long, margin divided and rounded (scalloped), concave, upper surface
shades of green-grey, lower surface white. Secondary thallus stalked (podetia), erect, <2.5(-4)
cm tall, unbranched, closed goblet-shaped cups, cups <4(-6) mm wide, <2.5(-4) cm tall,
proliferations from the cup margins common, base with or without a cortex and the rest is
ecorticate, shades of grey-green to brown. Soredia common, granular or less frequently
powdery, shades of grey-green, dense to sparse, covering the podetia except for the cortical base,
dense to sparse. Apothecia uncommon to common, on cup margins or proliferations from the
cup margins, brown, <3 (-4)mm wide. Pycnidia common on cup margins and on the upper
surface of the primary squamules, brown.
CHEMISTRY: Only for species occurring in Ontario, thallus P± red, K± yellow to yellowbrown or ±dark red, KC± dark red, C± dark red for acetone extracts, UV± white (±atranorin,
±bourgeanic, ±cryptochlorophaeic ±fumarprotocetraric, ±grayanic, and/or ±merochlorophaeic
acids).
HABITAT: On soil, rotting wood, or bark.
DISTINCTIVE FEATURES: Podetia goblet-shaped, covered in granular soredia (rarely
powdery), usually P+ red and if P- then UV+ white.
RANGE: Various, see descriptions in the species key on the next page.
COMMENTS: In Ontario, there are six species in this group. They are all morphologically
similar, but can be separated chemically. Unfortunately, the chemistry in these species cannot
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always be determined using chemical spot tests so thin layer chromatography (TLC) is required.
These species are often included together as C. chlorophaea s. lat. or the C. chlorophaea group
for ecological studies when TLC is not available. C. fimbriata is similar in appearance, but its
cups are narrower (<1.5{-2.5} mm wide), its soredia are powdery, and it is always P+ red and
UV- (fumarprotocetraric acid). C. pyxidata is also similar, but it has small rounded segments or
plates of cortex (areolae) instead of granular soredia covering the podetia (best seen on the cup
interior, often scattered).

Key to the Cladonia chlorophaea group
1a. Thallus P-, UV+ white...............................................................................................................2
2a. Thallus with merochlorophaeic acid, KC+ dark red (best seen using an acetone extract);
uncommon throughout Ontario..............................................................C. merochlorophaea
2b. Thallus with grayanic acid, acetone extract KC-; common throughout Ontario.......C. grayi
1b. Thallus P+ (fumarprotocetraric acid), UV± white.....................................................................3
3a. Thallus K+ dark red and UV+ white (cryptochlorophaeic acid); uncommon throughout
Ontario.................................................................................................C. cryptochlorophaea
3b. Thallus K± yellow and UV± white.......................................................................................4
4a. Thallus K+ yellow to yellow-brown (atranorin) and UV-, soredia powdery to granular;
common in southern Ontario.............................................................................C. humilis
4b. Thallus K- and UV± white..............................................................................................5
5a. Thallus UV+ white......................................................................................................6
6a. Thallus with merochlorophaeic acid, KC+ dark red (best seen using an acetone
extract); uncommon throughout Ontario...............................C. merochlorophaea
6b. Thallus with grayanic acid, acetone extract KC-; common throughout Ontario.....
....................................................................................................................C. grayi
5b. Thallus UV-................................................................................................................7
7a. Thallus with bourgeanic acid; soredia powdery to granular; distribution
unknown, known from a single collection in Bruce Peninsula National Park
............C. innominata (includes the names C. conista and C. fimbriata f. conista)
7b. Thallus without bourgeanic acid; soredia granular; very common throughout
Ontario...........................................................................................C. chlorophaea
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Cladonia coccifera (L.) Willd.
VERNACULAR NAME: Eastern boreal pixie-cup
DESCRIPTION: Primary thallus foliose, basal leaflets (squamules), persisting, <5(-10) mm
long, upper surface yellow-green to grey-green, lower surface white. Secondary thallus stalked
(podetia), erect, <3(-5) cm tall, unbranched, shades of pale yellow-green, cupped, cups closed
(without an opening to the interior of the podetia) and without perforations, typically without
squamules, covered in rounded cortical segments or plates (areolae). Soredia absent. Apothecia
common, on the cup margins, red. Pycnidia common, on the cup margins, red.
CHEMISTRY: Thallus P-, K-, KC+ dark yellow, C-, UV- (usnic acid and zeorin).
HABITAT: On soil and rocks with thin amounts of soil in exposed sites.
DISTINCTIVE FEATURES: Podetia shades of pale yellow-green, cupped, cups covered in
rounded cortical segments or plates (areolae); apothecia and pycnidia on cup margins, red;
thallus P-, KC+ yellow, with zeorin.
RANGE: Common throughout northern Ontario.
COMMENTS: Essentially identical to C. borealis, which may be distinguished by its often
more scattered cortical segments (areolae), but mostly by its chemistry, it contains barbatic acid
and lacks zeorin. The difference in chemistry cannot be seen with spot tests so thin layer
chromatography is required unless specimens have been stored for a long time. The zeorin in old
stored specimens will crystallize on the surface and appear as fine thread-like glass hairs as seen
in the picture of the old herbarium specimen on this page. C. pleurota may also appear similar,
but its podetia, which are similar in colour and have red apothecia and pycnidia, are covered with
granular soredia that do not have a cortex.
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Cladonia coniocraea (Flörke) Spreng.
VERNACULAR NAMES: Common powderhorn (lesser powderhorn)
DESCRIPTION: Primary thallus foliose, basal leaflets (squamules), persisting, with rounded
lobes, <6 x <6 mm, concave to convex, upper surface grey-green, lower surface white.
Secondary thallus stalked (podetia), erect, <2.5(-3) cm tall, <1(-2) mm wide, usually
unbranched or sparsely branched, cupless or rarely with narrow cups, cups <0.5 (-1) mm wide,
tapering to a point, grey-green, squamules often present near the base. Soredia common,
powdery, pale green, usually continuous, covering the podetia except for the 1-2 mm with a
cortex at the base, also on the lower side of the margins of the squamules. Apothecia rare, on the
tips of podetia, brown, <1(-1.5) mm wide, convex. Pycnidia common, on the tips of podetia,
egg-shaped, pale brown.
CHEMISTRY: Thallus P+ red, K± yellow-brown, KC-, C- (fumarprotocentaric acid).
HABITAT: On soil, wood, and tree bases.
DISTINCTIVE FEATURES: Podetia unbranched, <2.5(-3) cm tall, cupless, pointed, covered
in powdery soredia except for the 1-2 mm with a cortex at the base, P+ red; squamules, <6 x <6
mm, rounded.
RANGE: Common throughout Ontario except for the far north along Hudson Bay.
COMMENTS: C. ochrochlora is similar, but it has larger squamules (<1.2 x <1.1 cm) that are
more divided or incised, the cortex at the base usually covers more than the first 1-2 mm, and the
soredia is often granular (occasionally powdery) and more scattered (less continuous and often in
soralia). Intermediaries between C. coniocraea and C. ochrochlora are common so they are
often included together for ecological studies. In Ontario, C. ochrochlora has previously been
included with C. coniocraea. C. bacilliformis can also appear similar, but it is yellow-green and
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P- (lacks fumarprotocetraric acid). C. macilenta can be similar as well if its red apothecia are
absent, but it has blunt tips and is P- or P+ orange (thamnolic acid).
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Cladonia cornuta (L.) Hoffm.
VERNACULAR NAMES: Bighorn cladonia (greater pixie-stick, pioneer cladonia)
DESCRIPTION: Primary thallus foliose, basal leaflets (squamules), disappearing or rarely
persisting, <8 x <4 mm, margin divided and rounded (scalloped), upper surface olive green to
grey-green, lower surface white. Secondary thallus stalked (podetia), erect, <10(-15) cm tall,
<4(-5) mm wide, unbranched, usually cupless and pointed or rarely with narrow cups about the
same width as the stalks, cups closed (without an opening to the interior of the podetia),
occasionally with proliferations on the cup margins, cylindrical, shades of green-brown when
exposed to grey-green in the shade, smooth to cracked cortex on the lower half, often densely
clustered. Soredia common, powdery, on upper half of podetia and the cup interior when
present. Apothecia uncommon, on cup margin or podetial tip, brown, <3(-4) mm wide, disk flat
to convex.
CHEMISTRY: Thallus P+ red, K-, KC-, C-, UV- (fumarprotocetaric acid).
HABITAT: On soil or rotting wood, generally in exposed sites.
DISTINCTIVE FEATURES: Podetia tall (<10{-15} cm), usually unbranched and pointed
(cupless), upper half coved in powdery soredia that becomes denser near the tips; P+ red.
RANGE: Common throughout northern Ontario, rare in southern Ontario.
COMMENTS: C. gracilis ssp. gracilis will appear similar, but it lacks soredia. C. ochrochlora
and C. coniocraea may also appear similar, but their soredia cover more than the upper half of
the podetia, the podetia are shorter (<3.5{-4} cm tall), the squamules are common and
conspicuous and their podetia are usually a shade of green, not browning.
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Cladonia crispata (Ach.) Flot. var. crispate
VERNACULAR NAMES: Organ-pipe lichen (greater organpipe, shrub funnel cladonia,
broccoli lichen) SYNONYMS: C. artuata S. Hammer, C. japonica Vain.
MISAPPLIED NAME: C. subsubulata Nyl.
DESCRIPTION: Primary thallus foliose, basal leaflets (squamules), narrowly elongated or
finger-shaped (digitate) with rough edges (laciniate), persisting or disappearing, <4 x <0.5 mm,
upper surface green-grey to brown-grey, lower surface white. Secondary thallus stalked
(podetia), erect, <9(-11) cm tall, <5 mm wide, cups open to a hollow center, cup margins often
curl inward, cups proliferating, cup proliferations with cups that proliferate, flaring perforate
cups, cups often appear as flaring holes along the podetia, shades of brown to brown-green,
surface smooth to segmenting (areolate), squamules occasionally present, growing from the
squamules, base often dying and may blacken. Soredia absent. Apothecia common, on branch
tips or cup margins, dark brown, <1 mm wide. Pycnidia common, on branch tips or cup margins,
dark brown.
CHEMISTRY: Thallus P-, K-, KC-, C-, UV+ bright blue-white (squamatic acid) or P+ orange,
K+ bright yellow KC-, C-, UV- (thamnolic acid).
HABITAT: On soil or rotting wood, or rock with thin layers of soil, often occurring in bogs or
sites that were recently burned.
DISTINCTIVE FEATURES: Podetia with flaring cups open to the hollow centre, cup margins
curling inward, soredia absent, P- and UV+ blue-white or P+ orange and UV-.
RANGE: Common throughout Ontario except for the extreme south.
COMMENTS: Can resemble C. gracilis ssp. turbinata, C. multiformis or C. phyllophora, but
they are all P+ red (fumarprotocetraric acid) and their cups are not open to the hollow centre.
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Cladonia cristatella Tuck.
VERNACULAR NAME: British soldiers
DESCRIPTION: Primary thallus foliose, basal leaflets (squamules), persistent, <2(-3) mm
long, margin divided and rounded (scalloped), flat to convex, upper surface yellow-green to
green-grey, lower surface white. Secondary thallus stalked (podetia), erect, <2(-3) cm tall,
cylindrical with some branching at the tip, cupless, yellow-green to grey-green, surface smooth
to rough, cortex continuous, squamules occasionally on the base, growing from the squamules.
Soredia absent. Apothecia common, on the tips of the podetia branches, red or rarely yellow to
orange, <2(-3) mm wide, convex. Pycnidia uncommon to common on the upper surface or
margins of the squamules.
CHEMISTRY: Thallus P-, K-, KC+ dark yellow, C-, UV- (usnic, barbatic and didymic acids).
HABITAT: On soil, rotting wood and bark.
DISTINCTIVE FEATURES: Podetia cupless, soredia absent, P-, cortex continuous, apothecia
red.
RANGE: Common throughout Ontario.
COMMENTS: When squamules are on the podetia, it may appear similar to C. bellidiflora, but
it usually has cups, the cortex is discontinuous or patchy and it is either P+ orange (thamnolic
acid) or UV+ blue-white (squamatic acid). May also appear similar to C. incrassata, but it has
soredia on its squamules and its podetia are shorter (<8 mm tall).
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Cladonia cyanipes (Sommerf.) Nyl.
VERNACULAR NAME: Greater greenhorn
DESCRIPTION: Primary thallus foliose, basal leaflets (squamules), persisting or
disappearing, <6(-6.5) x <1 mm, upper surface shades of yellow to yellow-white, lower surface
pale yellow to white. Secondary thallus stalked (podetia), erect, <7(-8) cm tall and <1.5 mm
wide, unbranched or sparsely branched, pale yellow with a blue hue at the base, tips pointed or
rarely with minute cups, without a cortex or a small area near the base with a cortex. Soredia
common, powdery, covering the entire podetia except for the small cortical area near the base if
it is present and on the lower surface of the squamules where is can be powdery or granular.
Apothecia uncommon, at the tips of the podetia, pale yellow-brown.
CHEMISTRY: Thallus P-, K-, KC+ dark yellow, C- (usnic and barbatic acid).
HABITAT: On soil rich with hummus and on rotting wood.
DISTINCTIVE FEATURES: Podetia unbranched or sparsely branched, <7(-8) cm tall, pale
yellow with a blue hue at the base, tips typically pointed, P-, KC+ dark yellow; soredia powdery,
covering the entire podetia and the lower surface of the squamules.
RANGE: Uncommon along the Hudson Bay coast.
COMMENTS: Similar in appearance to C. bacilliformis, which is distinguished by smaller
podetia (<1.5{-2) cm tall) that lack a blue hue towards the base, the soredia on the podetia are
dense, and the basal squamules are smaller (<2{-3} x <0.2{-0.3} mm). May also appear similar
to C. coniocraea and C. ochrochlora, but both are P+ red (fumarprotocetraric acid).
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Cladonia cylindrica (A. Evans) A. Evans
VERNACULAR NAME: Cylindrical powderhorn
SYNONYM: C. borbonica (Delise) Nyl. f. cylindrica A. Evans
DESCRIPTION: Primary thallus foliose, basal leaflets (squamules), persisting or
disappearing, <1 x <1 mm, upper surface shades of grey-green, lower surface white. Secondary
thallus stalked (podetia), erect, <2(-2.5) cm tall, unbranched, cylindrical, tips flat to rounded and
not tapering or with indistinct cups, small area near the base with a cortex and the rest is
ecorticate. Soredia common, mostly powdery, granular near the base, covering the entire podetia
except for the small cortical area near the base. Apothecia uncommon, brown, at the tips of the
podetia or on the cup margins. Pycnidia common, brown, at the tips of the podetia or on the cup
margins.
CHEMISTRY: Thallus P+ red, K-, KC-, C-, UV+ white (fumarprotocetraric and grayanic
acids).
HABITAT: On soil, rotting wood and tree bases.
DISTINCTIVE FEATURES: Squamules <1 x <1 mm; podetia <2(-2.5) cm tall, cylindrical, not
tapering at the tips, covered in powdery soredia at the top and grading to granular at the bottom,
P+ red, UV+ white.
RANGE: Uncommon from southern Ontario to the southeastern boreal region.
COMMENTS: C. coniocraea is similar in appearance, but its podetia taper to a point, it has
powdery soredia throughout, and it is UV-.
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Cladonia decorticata (Flörke) Spreng.
VERNACULAR NAMES: Perlatolic pebblehorn (branching pebblehorn)
DESCRIPTION: Primary thallus foliose, basal leaflets (squamules), persisting, <2 x <4 mm,
upper surface shades of grey-green, lower surface white, with irregular divisions. Secondary
thallus stalked (podetia), erect, <3(-4) cm tall, <2(-2.5) mm wide, unbranched or sparingly
branched, cupless, with longitudinal fissures and grooves, with scattered squamules that are
smaller at the tip and larger towards the base, space between the squamules and soredia white
and without a cortex. Soredia common, coarsely granular, on the entire podetia, scattered and
sparse. Apothecia common, red-brown, at the tips of the podetia. Pycnidia common, on the
surface of the primary squamules and the base of the podetia.
CHEMISTRY: Thallus P-, K-, KC-, C-, UV+ white (perlatolic acid).
HABITAT: On sandy soil or soils rich with hummus.
DISTINCTIVE FEATURES: Podetia <3(-4) cm tall, without a cortex, covered in scattered
squamules and granular soredia, white in areas without squamules or soredia, P-, UV+ white.
RANGE: Uncommon throughout northern Ontario, rare in southern Ontario.
COMMENTS: C. acuminata is most similar in appearance, but it is P+ orange or yellow (either
norstictic or psoromic acid). C. coniocraea and C. ochrochlora may also appear similar, but they
are P+ red (fumarprotocetraric acid) and UV-.
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Cladonia deformis (L.) Hoffm.
VERNACULAR NAME: Lesser sulphur-cup
DESCRIPTION: Primary thallus foliose, basal leaflets (squamules), disappearing, rarely
persisting, <3(-4) mm long, upper surface yellow-green to grey-green, lower surface white to
pale brown. Secondary thallus stalked (podetia), erect, <5(-8) cm tall, unbranched, shades of
pale yellow-green, cupped, cups irregular and deformed, cups narrow relative to the height and
width of the stalks, cup margins ruff (dentate), cups closed (without an opening to the interior of
the podetia) and often with proliferations, without squamules, base with a cortex often covering
the lower half. Soredia common, powdery, covering entire podetia except the area of the lower
half with a cortex. Apothecia common, on the cup margins or on proliferations from the cup
margins, red. Pycnidia common, on the cup margins, red.
CHEMISTRY: Thallus and medulla P-, K-, KC+ dark yellow, C-, UV- (usnic acid and zeorin).
HABITAT: On soil, rocks with thin amounts of soil, rotting wood and tree bases.
DISTINCTIVE FEATURES: Podetia yellow-green, <5(-8) cm tall, cups irregular and
deformed, cup margins ruff, at least the upper half is covered in fine powdery soredia, P-, KC+
dark yellow; medulla UV-; apothecia and pycnidia red.
RANGE: Very common throughout northern Ontario, uncommon in southern Ontario.
COMMENTS: C. sulfurina is similar in appearance, but it has a UV+ blue-white medulla
(squamatic acid), its podetia have a greater number of slits and perforations near or on the cup,
and it can have larger squamules (5-10 mm long). Small or young specimens may also appear
similar to C. pleurota, which is distinguished by more goblet-shaped podetia, granular soredia,
and cup margins that are more regular or not as rough.
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Cladonia digitata (L.) Hoffm.
VERNACULAR NAME: Finger pixie-cup
DESCRIPTION: Primary thallus foliose, basal leaflets (squamules), persisting, ±lobed, <10(15) x <10(-15) mm, upper surface shades of yellow-green to grey-green, lower surface white,
base often narrowing. Secondary thallus stalked (podetia), erect, <2.5(-4) cm tall, unbranched,
usually cupped, cups often irregular with tooth-like projections and margins that generally curl
inward, cups <3(-5) mm wide, small area near the base with or without a cortex and the rest is
ecorticate. Soredia common, powdery, on the lower surface of the squamules and covering the
entire podetia except for the small cortical area near the base if it is present. Apothecia
uncommon, red, on the cup margins. Pycnidia common to uncommon, red, on the cup margins.
CHEMISTRY: Thallus P+ orange, K+ bright yellow, KC+ yellow, C- (thamnolic acid,
±bellidiflorin).
HABITAT: On rotting wood, moist mossy tree bases, or soil rich with hummus.
DISTINCTIVE FEATURES: Squamules <10(-15) x <10(-15) mm, ±lobed; podetia with cups
that have tooth-like projections and margins that curl inward, covered in powdery soredia, P+
orange, K+ bright yellow; apothecia and pycnidia red.
RANGE: Common throughout northern Ontario, rare in southern Ontario,
COMMENTS: A distinctive species in Ontario. C. macilenta var. macilenta is the only other
species in the province with red fruiting bodies, podetia covered in soredia, and thamnolic acid,
but it does not form cups, its podetia are pin-like (<1 mm wide and <2{-5} cm tall), and it has
smaller squamules (<3 x <4 mm).
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Cladonia fimbriata (L.) Fr.
VERNACULAR NAMES: Trumpet lichen (powdered trumpet)
SYNONYM: C. major (K.G. Hagen) Sandst.
DESCRIPTION: Primary thallus foliose, basal leaflets (squamules), persisting or
disappearing, <8(-10) mm long, margin divided and rounded (scalloped), upper surface greengrey, lower surface white. Secondary thallus stalked (podetia), erect, <1.5(-2) cm tall, <1.5 (-2)
mm wide, unbranched, closed trombone-shaped cups, proliferations from the cup margins rare,
cortex absent throughout, shades of grey-green. Soredia common, powdery, grey-green, usually
dense, covering the entire podetia. Apothecia uncommon, on cup margins, brown. Pycnidia
uncommon, on cup margins, brown.
CHEMISTRY: Thallus P+ red, K-, KC-, C-, UV- (fumarprotocetraric acid).
HABITAT: On soil, rotting wood, or bark.
DISTINCTIVE FEATURES: Podetia trombone-shaped, not goblet-shaped, covered in
powdery soredia, P+ red, UV-; apothecia and pycnidia brown.
RANGE: Common throughout Ontario.
COMMENTS: Can be similar in appearance to the C. chlorophaea group, but those species
have shorter podetia (<2.5{-4} cm tall) with wider cups (goblet-shaped) and they usually have
granular soredia. Two species from that group (C. humilis and C. innominata), however, may
also have powdery soredia, but they are distinguished by a region with cortex at the base of the
podetia.
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Cladonia furcata (Huds.) Schrad.
VERNACULAR NAME: Many-forked cladonia
SYNONYMS: C. herrei Fink ex J.Hedrick
DESCRIPTION: Primary thallus foliose, basal leaflets (squamules), disappearing, <5 x <5
mm, irregularly divided, upper surface grey-green, lower surface white. Secondary thallus
stalked (podetia), erect, <8(-15) cm tall and <2 mm wide, richly branched, cupless, branching at
wide angles appearing fork-like, shades of pale grey-green to brown when exposed, with a
continuous cortex throughout, often with scattered squamules. Soredia absent. Apothecia at the
tips of the branches, pale to dark brown. Pycnidia on the branch tips and on the upper surface of
the squamules.
CHEMISTRY: Thallus P+ red, K± yellow-brown, KC-, C- (fumarprotocetraric acid).
HABITAT: On soil or rock with thin layers of soil in shaded or exposed sites.
DISTINCTIVE FEATURES: Squamules disappearing; podetia richly branched, branching at
wide angles appearing fork-like, cortex present throughout, soredia absent, cupless, P+ red.
RANGE: Common from southern Ontario to the southern boreal region.
COMMENTS: C. scabriuscula is most similar in appearance, but it has granular soredia near
the branch tips. Species of the reindeer lichen group or subgenus Cladina may also appear
similar, but they lack an outer cortex so the medulla appears as a webby coating on the outer
surface.
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Cladonia glauca Flörke
VERNACULAR NAME: Glaucous cladonia
DESCRIPTION: Primary thallus foliose, basal leaflets (squamules), persisting or
disappearing, <5 x <1 mm, irregularly divided, sparse to numerous, upper surface grey-green,
lower surface white. Secondary thallus stalked (podetia), erect, <8(-10) cm tall and <2.5 mm
wide, unbranched or sparsely branched, cupless or rarely with minute cups at the branch tips,
cups <3 mm wide, shades of grey-white to pale grey-green, longitudinal perforations present or
absent, cortex absent or rarely with a cortical base, squamules absent or sparse at the base.
Soredia common, powdery, covering podetia except where there is cortex at the base. Apothecia
at the tips of the branches, brown. Pycnidia along the podetia and at the tips.
CHEMISTRY: Thallus P-, K-, KC-, C-, UV+ bright blue-white (squamatic acid).
HABITAT: On soil rich with humus, bogs and heaths.
DISTINCTIVE FEATURES: Podetia grey-white to pale grey-green, unbranched to sparsely
branched, usually cupless, longitudinally perforated, cortex absent, covered in powdery soredia,
P-, UV+ blue-white.
RANGE: Rare on the north shore of Lake Superior.
COMMENTS: An often overlooked species, so its distribution is uncertain. C. cenotea is the
only other species of Cladonia in Ontario with squamatic acid and powdery soredia, but it has
wider podetia (<5{-6} mm) and usually has cups with margins that curl in and have
proliferations.
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Cladonia gracilis (L.) Willd. ssp. gracilis
VERNACULAR NAME: Smooth cladonia
SYNONYM: Cladonia gracilis (L.) Wild. var. dilatata (Hoffm.) Schaer. auct.
DESCRIPTION: Primary thallus foliose, basal leaflets (squamules), disappearing, <5(-10) x
<4(-6) mm, irregularly divided, upper surface grey-green, lower surface white. Secondary
thallus stalked (podetia), erect, <8(-10) cm tall, <1.5(-2) mm wide, cupless or rarely with narrow
cups, tips tapering to a point, usually unbranched, shades of grey-green, browning in the sun,
base grey-green to brown (not blackening), surface with a smooth cortex throughout, squamules
occasionally on the base. Soredia absent. Apothecia and Pycnidia at the tips of the podetia,
brown.
CHEMISTRY: Thallus P+ red, K± yellow-brown at the tips, KC-, C- (fumarprotocetraric acid).
HABITAT: On soil, wood or rocks with a thin layer of soil.
DISTINCTIVE FEATURES: Podetia cupless, <8(-10) cm tall, unbranched, surface smooth,
with a cortex throughout, soredia absent, base not blackening, P+ red, K-; apothecia and pycnidia
brown.
RANGE: Common in northern Ontario, rare in southern Ontario.
COMMENTS: C. gracilis ssp. elongata is similar in appearance, but its podetia have a
blackened base inside and out (including the stereome). C. ecmocyna is also similar, but it has a
strong K+ yellow cortex (atranorin). Cupless specimens of C. maxima can appear similar as well,
but it is wider (<2{-3} mm), occasionally cupped and it is rare on the Hudson Bay coast and the
north shore of Lake Superior.
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Cladonia gracilis ssp. turbinata (Ach.) Ahti
VERNACULAR NAMES: Bronzed pixie-cup (smooth cladonia, brown-footed cladonia)
SYNONYM: C. gracilis (L.) Wild. var. dilatata (Hoffm.) Schaer. auct.
DESCRIPTION: Primary thallus foliose, basal leaflets (squamules), persisting or
disappearing, <5(-10) x <4(-6) mm, irregularly divided, upper surface grey-green, lower surface
white. Secondary thallus stalked (podetia), erect, <5(-7) cm tall, <3(-5) mm wide, cupped,
generally unbranched, cups closed and typically with proliferations, shades of green to greygreen, browning when fully exposed, base often darkening, surface with a smooth cortex
throughout, squamules occasionally on the base. Soredia absent. Apothecia common, on cup
margins or proliferations from the cup margins, brown, <5(-7) mm wide. Pycnidia common,
brown, on the cup margins.
CHEMISTRY: Thallus P+ red, K± yellow-brown at the tips, KC-, C- (fumarprotocetraric acid).
HABITAT: On soil or rotting wood in exposed or partially shaded sites.
DISTINCTIVE FEATURES: Podetia cupped, surface smooth, with a cortex throughout,
soredia absent, P+ red; apothecia brown, <5(-7) mm wide, on the cup margins or proliferations
from the cup margins.
RANGE: Common throughout Ontario, abundant in northern Ontario.
COMMENTS: C. phyllophora is similar in appearance, but it has a paler and duller surface
with a soft or felt-like appearance, particularly near the cups, it commonly has squamules along
the podetia and on the cups, and its cups are not usually well-developed. C. ecmocyna is also
similar, but it has a distinctive K+ yellow cortex (atranorin). C. verticullata can be similar as
well, but it has proliferations from the middle of the cups that make new cups with proliferations
from the centre creating a ladder-like appearance.
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Cladonia incrassata Flörke
VERNACULAR NAME: Powder-foot British soldiers
SYNONYM: C. paludicola (Tuck.) G. Merr.
DESCRIPTION: Primary thallus foliose, basal leaflets (squamules), persisting, <3 mm long,
margin divided and rounded (scalloped), upper surface yellow-green to green-grey, lower surface
white. Secondary thallus stalked (podetia), erect, <8 mm tall, cupless, unbranched or sparsely
branched, widening at the tips, yellow-green, surface smooth to rough, cortex continuous.
Soredia common, dense, on the margins and lower surface of the squamules, powdery to
granular. Apothecia common, on the tips of the podetia or on the squamules, red, convex.
CHEMISTRY: Cortex P-, K-, KC+ dark yellow, C-, UV- (usnic acid), medulla P-, K-, KC-, C-,
UV+ bright blue-white (squamatic and ±didymic acids).
HABITAT: On rotting wood, soil rich with hummus, and the bases of trees.
DISTINCTIVE FEATURES: Podetia short, <8 mm, cupless, generally unbranched, soredia
absent, P-, K-, with red apothecia at the tips; medulla UV+ blue-white; squamules <3 mm, with
dense soredia on the margins and lower surface.
RANGE: Southern region of southern Ontario.
COMMENTS: Similar in appearance to C. parasitica, but it has dark brown apothecia and a P+
orange and K+ bright yellow cortex (thamnolic acid). May also appear similar to C. cristatella,
but it does not have soredia on its squamules and its podetia are larger (<2{-3} cm tall).
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Cladonia macilenta Hoffm.
VERNACULAR NAMES: Lipstick powderhorn (scarlet pin lichen)
SYNONYM: C. bacillaris Nyl.
DESCRIPTION: Primary thallus foliose, basal leaflets (squamules), persisting, <2(-4) x <2(3) mm, sparsely divided, upper surface shades of grey-green, lower surface white. Secondary
thallus stalked (podetia), erect, <2(-5) cm tall, <1 mm wide, unbranched or sparsely branched,
pin-like, cupless, tips blunt, small area near the base with or without a cortex and the rest is
ecorticate, scattered squamules present or absent at the base. Soredia common, powdery,
covering the entire podetia except for the cortical area near the base if it is present and on the
lower surface of the squamules. Apothecia uncommon, red, on the tips of the podetia, <1(-2)
mm wide. Pycnidia on the surface and margins of the squamules and at the tips of the podetia.
CHEMISTRY: Ssp. macilenta, thallus P+ orange, K+ bright yellow, KC+ yellow, C(thamnolic acid); ssp. bacillaris, thallus P-, K-, KC+ yellow to orange, C- (barbatic and didymic
acids).
HABITAT: On wood, bark and soil or less frequently on rocks.
DISTINCTIVE FEATURES: Podetia pin-like, <2(-5) cm tall, <1 mm wide, cupless with blunt
tips, covered in powdery soredia, unbranched, red apothecia at the tips, P± orange, K± dark
yellow.
RANGE: Common, between the two subspecies it is found throughout Ontario.
COMMENTS: C. floerkeana has red apothecia and the same chemistry as ssp. bacillaris, but it
distinctly widens near the tips and it either has a smooth cortex or the cortex separates into
segments (areolae) and coarse granular soredia form between them. C. digitata is similar to ssp.
macilenta in that it has the same chemistry, red apothecia and its podetia are covered in powdery
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soredia, but it usually forms cups and it has wider podetia (<3{-5} mm) and larger squamules
(<10{-15} x <10{-15} mm).
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Cladonia ochrochlora Flörke
VERNACULAR NAMES: Smooth-footed powderhorn (greater powderhorn)
SYNONYM: Cladonia invisa Robbins
DESCRIPTION: Primary thallus foliose, basal leaflets (squamules), persisting or
disappearing, <1.2 x <1.1 cm, margin divided and rounded (scalloped), upper surface concave
and grey-green, lower surface white. Secondary thallus stalked (podetia), erect, <3(-4) cm tall,
<4 mm wide, unbranched, grey-green, narrow cups present or absent, cups <2(-3) mm wide,
cortex at the base extending beyond the first 1-2 mm and the rest is ecorticate. Soredia common,
powdery to granular, scattered, often in patches of soralia. Apothecia rare, on the cup margins or
the tips of the podetia, brown. Pycnidia common, on the cup margins or the tips of the podetia,
brown. CHEMISTRY: Thallus P+ red, K± yellow to brown, KC-, C-(fumarprotocetraric acid).
HABITAT: On rotting wood, tree bases and rarely on soil.
DISTINCTIVE FEATURES: Squamules <1.2 x <1.1 cm; podetia with or without narrow cups,
cortex extending beyond the first 1-2 mm, granular to powdery soredia scattered and often in
soralia, P+ red.
RANGE: Rare in southern Ontario, likely overlooked or included with C. coniocraea.
COMMENTS: C. coniocraea is similar, but it has smaller squamules (<6 x <6 mm), the cortex
at the base usually only covers the first 1-2 mm, and the soredia is powdery and generally
continuous. Intermediaries between C. coniocraea and C. ochrochlora are common so they are
often included together for ecological studies. C. cornuta is also similar, but has a cortex
covering at least the lower half of the podetia and it is larger (<10{-15} cm tall and <4{-5} mm
wide). C. bacilliformis can appear similar as well, but it is yellow-green and P- (lacks
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fumarprotocetraric acid). C. macilenta can also be similar if its red apothecia are absent, but it
has blunt tips and is P- or P+ orange (thamnolic acid).

Cladonia parasitica (Hoffm.) Hoffm.
VERNACULAR NAME: Fence-rail cladonia
SYNONYM: C. delicate (Ehrh. ex Ach.)
DESCRIPTION: Primary thallus foliose, basal leaflets (squamules), persisting, <3(-5) x <1
mm, irregularly divided, upper surface grey-green or browning, lower surface white. Secondary
thallus sparse or absent, stalked (podetia), erect, <1(-2) cm tall, <1 mm wide, unbranched or
sparsely branched, cupless, grey to grey-green, interior (stereome) shades of brown (occasionally
visible between the soredia). Soredia common, granular, covering the podetia and the lower
surface and margins of the squamules. Apothecia common, single or in clusters at the tips of the
podetia, dark brown. Pycnidia common on the uppersurface of the squamules, dark-brown.
CHEMISTRY: Thallus P+ orange, K+ bright yellow, KC-, C- (thamnolic acid).
HABITAT: On rotting wood, particularly conifer wood, rarely on bark, often on old fence rails.
DISTINCTIVE FEATURES: Squamules small (<3{-5} x <1 mm) with granular soredia on the
margins and the lower surface, often appearing as a granular mat, with or without podetia, P+
orange, K+ bright yellow; podetia cover in granular soredia, dark brown apothecia at the tips.
RANGE: Rare in southern Ontario, uncommon in the southern boreal region.
COMMENTS: The combination of morphology and chemistry make this species unique in
Ontario, even without podetia, which it often lacks.
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Cladonia phyllophora Hoffm.
VERNACULAR NAMES: Felt cladonia (greater felt-soldiers, black-foot cladonia)
SYNONYM: C. degenerans (Flörke) Spreng.
DESCRIPTION: Primary thallus foliose, basal leaflets (squamules), usually persisting, <5(12) x <4 mm, margin divided and rounded (scalloped), upper surface grey-green, lower surface
white. Secondary thallus stalked (podetia), erect, <6(-8) cm tall, <4 mm wide, moderately
branched, irregular cups with a closed interior present or absent, cups with marginal
proliferations, pale grey-green to grey, browning in the sun, dull, surface with a soft or felt-like
appearance - particularly near the cups, often with squamules along the podetia and on the cups,
occasionally pale cortical segments dot a black background at the base. Soredia absent.
Apothecia common, on tips of proliferations or the cup margins, brown, <2 mm wide. Pycnidia
common, on the tips of proliferations or the cup margins, brown.
CHEMISTRY: Thallus P+ red, K-, KC-, C-, UV- (fumarprotocetraric acid).
HABITAT: On soil or rotting wood.
DISTINCTIVE FEATURES: Podetia with a dull, puffy, pale, felt-like appearance (particularly
near the cups), cups often poorly developed, scattered squamules common throughout, P+ red;
apothecia brown.
RANGE: Common throughout Ontario.
COMMENTS: C. multiformis and C. gracilis ssp. gracilis are similar in appearance, but they
have more distinct cups, they generally have fewer or no squamules along the podetia, and they
lack the pale, puffy, and felt-like surface. C. ecmocyna is also similar, but its cortex is distinctly
K+ yellow (atranorin).
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Cladonia pleurota (Flörke) Schaer.
VERNACULAR NAMES: Red-fruited pixie-cup (mind-altering pixie-cup)
DESCRIPTION: Primary thallus foliose, basal leaflets (squamules), persisting or
disappearing, <5(-7) x < 4(-5) mm, upper surface yellow-green to grey-green, lower surface
white. Secondary thallus stalked (podetia), erect, <2(-3) cm tall, unbranched, shades of pale
yellow-green, cupped, goblet shaped, cups closed and typically without perforations, usually
without squamules, base with a cortex. Soredia common, granular, covering the entire podetia
except the small area with a cortex near the base. Apothecia common, on the cup margins or on
proliferations from the cup margins, red. Pycnidia common, on the cup margins, red.
CHEMISTRY: Thallus P-, K-, KC+ dark yellow, C-, UV- (usnic acid and zeorin).
HABITAT: On soil, particularly clay soil, and rocks with a thin layer of soil, rarely on bark or
wood.
DISTINCTIVE FEATURES: Podetia shades of pale yellow-green, goblet shaped, cups covered
in granular soredia; apothecia and pycnidia on cup margins or proliferations from the cup, red;
thallus P-, KC+ dark yellow, with zeorin.
RANGE: Common throughout Ontario.
COMMENTS: Similar in appearance to species in the C. chlorophaea group, which also have
granular soredia, but they are not yellow-green (lacking usnic acid), their apothecia and pycnidia
are brown, and most of them are P+ red (fumarprotocetraric acid). Small or young specimens of
C. deformis may also appear similar, but their cups are usually more deformed and have
powdery soredia. C. borealis and C. coccifera are of similar size and have red apothecia and
pycnidia, but they are covered in rounded segments of cortex that appear plate-like (areolae).
Though the areolae are occasionally almost granular, they always have a cortex while the soredia
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on C. pleurota do not. The zeorin in old stored specimens will crystallize on the surface and
appear as fine thread-like glass hairs (see C. coccifera for a photo of the crystallization).
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Cladonia pocillum (Ach.) Grognot
VERNACULAR NAMES: Rosette pixie-cup (carpet pixie-cup)
SYNONYM: C. pyxidata var. pocillum (Ach.) Flot.
DESCRIPTION: Primary thallus foliose, persisting, <7(-10) mm long and wide, forming a
continuous rosette that grows closely against the surface (carpet-like), upper surface green-grey
to grey-brown, lower surface white. Secondary thallus stalked (podetia), present or absent,
erect, <1.5(-2) cm tall, unbranched, closed goblet-shaped cups, shades of grey-green to brown,
covered in small rounded segments or plates of cortex (areolae) that are dense or sparse, surface
below the areolae without a cortex. Soredia absent. Apothecia uncommon, brown, on the cup
margins or on proliferations from the cup margins. Pycnidia common on cup margins, brown.
CHEMISTRY: Thallus and medulla P+ red, K-, KC-, C-, UV- (fumarprotocetraric acid).
HABITAT: On exposed calcareous soil, often on rocks with thin layers of soil.
DISTINCTIVE FEATURES: Primary thallus in a continuous rosette growing closely against
the surface (carpet-like); podetia goblet-shaped, covered in small cortical plates (areolae), P+
red, K-.
RANGE: Common throughout Ontario except for the extreme south.
COMMENTS: Similar in appearance to the C. chlorophaea group, but their podetia are
covered in soredia. C. pyxidata is also similar and is covered with areolae, but it has distinct and
scattered squamules, larger podetia (<3{-6} cm tall), and it typically grows on acidic soil, granite
or wood. The much rarer C. magyarica is similar as well, but it has a K+ yellow surface and
medulla (atranorin), the reaction is best seen on the medulla, and it often has a frosted
appearance (pruinose).
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Cladonia pyxidata (L.) Hoffm.
VERNACULAR NAMES: Pebbled pixie-cup (true pixie-cup lichen, brown pixie-cup)
DESCRIPTION: Primary thallus foliose, basal leaflets (squamules), persisting, <7(-12) mm
long, <4 mm wide, margin divided into small lobes, upper surface green-grey, lower surface
white. Secondary thallus stalked (podetia), erect, <3(-6) cm tall, unbranched, closed gobletshaped cups, proliferations from the cup margins common, shades of grey-green to brown,
covered in small rounded segments or plates of cortex (areolae) that are dense or sparse, surface
below the areolae without a cortex. Soredia absent. Apothecia uncommon, brown, on the cup
margins or on proliferations from the cup margins. Pycnidia common on cup margins, brown.
CHEMISTRY: Thallus and medulla P+ red, K-, KC-, C-, UV- (fumarprotocetraric acid).
HABITAT: On soil, wood, and rocks with thin layers of soil, often on acidic soil or granite.
DISTINCTIVE FEATURES: Podetia goblet-shaped, covered in small cortical plates (areolae)
that are dense or sparse, P+ red, K-, squamules scattered and distinct.
RANGE: Common throughout Ontario.
COMMENTS: Similar in appearance to the C. chlorophaea group, but their podetia are
covered with soredia. C. pocillum is also similar and is covered with areolae, but its squamules
are larger and continuous making a rosette around the podetia that grows tightly against the
surface, its podetia are shorter (<1.5{-2} cm tall), and it typically grows on calcareous substrates.
The much rarer C. magyarica is the most similar species, but it has a K+ yellow surface and
medulla (atranorin), the reaction is best seen on the medulla, it often has a frosted appearance
(pruinose), and it grows on calcareous soil or limestone.
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Cladonia rangiferina (L.) F. H. Wigg.
VERNACULAR NAMES: Grey reindeer lichen (true reindeer lichen)
SYNONYM: Cladina rangiferina (L.) Nyl.
DESCRIPTION: Primary thallus crustose, pale grey, forming clustered or scattered warts,
disappearing, rarely seen. Secondary thallus richly branched, erect, <12(-15) cm tall, shades of
grey to pale blue-grey, forming mats, main branches distinct and 0.7-1.5 mm wide, branch tips
browning when exposed and generally oriented in one direction, outer cortex absent, medulla
appears as a webby coating on the outer surface (best seen through a hand lens or a dissecting
microscope), base becoming pale brown with grey bumps. Soredia absent. Apothecia rare,
brown, at the tips of some branches, clustered or solitary, 0.5-2.0 mm wide, disks convex.
Pycnidia common, black, at the branch tips, with colourless jelly.
CHEMISTRY: Thallus P+ red, K+ yellow, KC-, C- (atranorin and fumarprotocetraric acid).
HABITAT: On soil, heath and rotting wood in partial to fully exposed sites. Very common in
forests, bogs, rock outcrops and tundra in northern Ontario.
DISTINCTIVE FEATURES: Branches grey (lacking usnic acid), with distinct main stems, P+
red, K+ yellow; base of the branches pale to dark brown, never black all the way through;
pycnidia at the branch tips with colourless jelly.
RANGE: Common throughout Ontario, abundant in northern Ontario.
COMMENTS: C. stygia is very similar in appearance, but the jelly in its pycnidia is pale red
and it is black at the base of the branches. This black region is the best feature to distinguish the
two species, it runs through the interior of the branches (including the stereome) so if a specimen
is unclear make a 45o cut at the base of a branch and see if it is black inside. C. arbuscula and C.
stellaris are also similar, but they are yellow-green (with usnic acid) and K-. The colour in C.
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stellaris is occasionally pale appearing almost grey, but it lacks main stems and forms distinct
rounded heads or mounds. Medicinally used as a cure for kidney stones in the West Kameng
district of India. Boiled in water that is used to bathe newborns by the Ojibwe in the Great Lakes
region. Used, with a variety of other lichens, to make brandy in northern Europe and northern
Russia. Made into tea by fur traders in Canada during long wilderness trips when other
provisions had run out. Used as a winter food source by woodland caribou.
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Cladonia rei Schraer.
VERNACULAR NAMES: Wand lichen (sordid powderhorn)
SYNONYM: Cladonia nemoxyna (Ach.) Arnold
DESCRIPTION: Primary thallus foliose, basal leaflets (squamules), persisting or
disappearing, <3 x <2 mm, margin divided and rounded (scalloped), upper surface grey-green,
lower surface white. Secondary thallus stalked (podetia), erect, <7(-9) cm tall, <2(-3) mm wide,
unbranched to sparsely branched, uncupped or with narrow and shallow closed cups that are
often lopsided, cups with proliferations, grey-green or browning, cortex present at the base and
the rest is ecorticate, often leaning, sparse squamules occasionally present. Soredia common,
powdery to granular, on the upper half of the podetia and the lower surface of the squamules,
scattered. Apothecia common, brown to dark-brown, on proliferations from the cups. Pycnidia
common, on cup margins and podetia tips. CHEMISTRY: Thallus P± red, K± yellow-brown,
KC-, C- (homosekikaic, ±fumarprotocetaric and ±sekikaic acids).
HABITAT: On soil and wood in exposed environments.
DISTINCTIVE FEATURES: Squamules small, <3 x <2 mm; podetia unbranched to sparsely
branched, cups lopsided and narrow, dark brown apothecia on proliferations from the cups, P±
red, with homosekikaic acid.
RANGE: Common throughout Ontario except for the extreme north.
COMMENTS: C. coniocraea, C. cornuta and C. ochrochlora may appear similar, but they lack
proliferations from their cups if present and they lack homosekikaic acid. Homosekikaic acid is
negative with spot tests so it requires thin layer chromatography to be detected. C. ramulosa and
C. scabriuscula are also similar, but they do not regularly produce cups, they are branched more
frequently and lack homosekikaic acid.
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Cladonia scabriuscula (Delise) Nyl.
VERNACULAR NAMES: Mealy forked lichen (Many-winged clad)
SYNONYM: C. macroptera (Räsänen)
DESCRIPTION: Primary thallus foliose, basal leaflets (squamules), disappearing, <5 x <5
mm, irregularly divided, upper surface grey-green, lower surface white. Secondary thallus
stalked (podetia), erect, <9(-11) cm tall, <5 mm wide, generally branched in twos (dichotomous),
cupless with pointed tips, scattered squamules usually present near the base, grey-green,
typically with a cortex on the lower half that disappears towards the tips. Soredia common,
granular, near the tips on the noncortical regions of the podetia. Apothecia and Pycnidia
common, at the tips of the podetia, brown.
CHEMISTRY: Thallus P+ red, K-, KC-, C- (fumarprotocetraric and ±ursolic acids).
HABITAT: On soil and mossy rocks, or on rocks with thin layers of soil, in exposed and shaded
environments.
DISTINCTIVE FEATURES: Podetia generally branched in twos, cupless with pointed tips,
appearing forked, with granular soredia near the tips, P+ red, brown apothecia at the tips.
RANGE: Common in northern Ontario, rare in southern Ontario, absent in the extreme south.
COMMENTS: C. furcata is similar in appearance, but it lacks soredia. Species of the reindeer
lichen group or subgenus Cladina may also appear similar, but they are more richly branched,
lack soredia, and lack an outer cortex so the medulla appears as a webby coating on the outer
surface.
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Cladonia squamosa Hoffm.
VERNACULAR NAMES: Dragon lichen (scaly funnel lichen)
SYNONYM: C. subsquamosa (Nyl. ex Leight.) Cromb.
DESCRIPTION: Primary thallus foliose, basal leaflets (squamules), persisting or
disappearing, <7(-10) x <1 mm, finely divided, upper surface grey-green, lower surface white.
Secondary thallus stalked (podetia), erect, <6(-9) cm tall, <2.5 mm wide, unbranched or
sparsely branched, cupless with blunt tips or with poorly defined irregular cups that flare and are
perforated, densely covered in shingle-like squamules with larger ones near the base grading to
smaller ones near the tip, grey-green, browning in the sun. Soredia absent. Apothecia common
to uncommon, at the tips of the podetia or on the cup margins, brown. Pycnidia common, at the
tips of the podetia or on the cup margins, brown.
CHEMISTRY: Thallus P-, K-, KC-, C-, UV+ bright blue-white (squamatic acid). A chemotype
on the west coast of North America has thamnolic acid.
HABITAT: On soil, rotting wood, or on rocks with thin layers of soil, in exposed and shaded
environments.
DISTINCTIVE FEATURES: Podetia densely covered in squamules, P-, UV+ blue-white,
cupless or with irregular cups that are perforated, unbranched or sparsely branched, brown
apothecia at the tips.
RANGE: Common throughout Ontario.
COMMENTS: C. decortica can appear similar, but the tips of its podetia are pointed, and the
squamules are scattered and small, becoming granular (not shingle-like), and it has perlatolic
acid instead of squamatic. The spot test and UV reactions are the same for these two chemicals,
so thin layer chromatography is required to separate them.
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Cladonia subulata (L.) F. H. Wigg.
VERNACULAR NAME: Antlered powderhorn
SYNONYM: C. cornutoradiata (Leight.) Sandst.
DESCRIPTION: Primary thallus foliose, basal leaflets (squamules), persisting or
disappearing, small, upper surface pale grey-green, lower surface white. Secondary thallus
stalked (podetia), erect, <8(-10) cm tall, <3.5 mm wide, grey-green, cupless or with poorly
developed and irregular cups, cup margins with irregular proliferations, unbranched to sparsely
branched, a small region of cortex at the base present or absent and the rest is ecorticate. Soredia
common, powdery, covering the entire podetia except at the base if a cortex is present.
Apothecia rare, on the podetia tips, cup margins or proliferations from the cup margins, brown.
Pycnidia on the cup margins or tips of the podetia.
CHEMISTRY: Thallus P+ red, K-, KC-, C- (fumarprotocetraric acid).
HABITAT: On rotting wood or sandy soil rich with hummus.
DISTINCTIVE FEATURES: Podetia tall, <8(-10) cm, covered in powdery soredia, often to the
base, unbranched or sparsely branched, cupless or with poorly developed and irregular cups, P+
red.
RANGE: Common in northern Ontario, uncommon in southern Ontario.
COMMENTS: C. cornuta is similar, but it has a cortical region on at least the bottom half of
the podetia and when it has cups they are small, but well defined. C. ramulosa is also similar, but
it has coarse granular soredia and more contorted branching. C. glauca may appear similar as
well, but it is P- and UV+ blue-white (squamatic acid) and its podetia are perforated.
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Cladonia sulphurina (Michx.) Fr.
VERNACULAR NAME: Greater sulphur-cup
SYNONYM: C. gonecha (Ach.) Asah.
DESCRIPTION: Primary thallus foliose, basal leaflets (squamules), usually persisting, <5(10) x <3(-5) mm, upper surface yellow-green to grey-green, lower surface white to pale brown.
Secondary thallus stalked (podetia), erect, <5(-8) cm tall, <4(-6) mm wide, shades of pale
yellow-green, cupped, cups irregular and deformed, longitudinal perforations common in the cup
and in the stalk near the cup, cups with irregular proliferations, typically without squamules, base
with a cortex. Soredia common, powdery, covering entire podetia except for the area at the base
with a cortex. Apothecia rare, on the cup margins or on proliferations from the cup margins, red.
Pycnidia common, on the cup margins, red.
CHEMISTRY: Thallus P-, K-, KC+ dark yellow, C-, UV- (usnic acid); medulla UV+ bright
blue-white (squamatic acid), the soredia will block the reaction so it has to be scrapped away
first.
HABITAT: On soil, rocks with thin amounts of soil, and rotting wood.
DISTINCTIVE FEATURES: Podetia pale yellow-green, <5(-8) cm tall with irregular and
perforated cups, covered in fine powdery soredia; apothecia and pycnidia red; thallus P-, KC+
dark yellow; medulla UV+ bright blue-white.
RANGE: Common throughout central and northern Ontario.
COMMENTS: C. deformis is similar in appearance, but it has a UV- medulla (lacks squamatic
acid), its podetia are not as perforated, usually not at all, and it typically has smaller squamules
(<3{-4} mm long) or none at all. Intermediaries between these two species may be difficult to
separate in the field, but their chemistry is distinctive.
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Cladonia stellaris (Opiz) Pouzar & Vězda
VERNACULAR NAMES: Star-tipped reindeer lichen (elegant reindeer lichen, northern
reindeer lichen)
SYNONYMS: Cladina stellaris (Opiz) Brodo, Cladina alpestris (L.) Nyl., C. alpestris (L.)
Rabenh., C. aberrans (Abbayes) Stuckenb.
DESCRIPTION: Primary thallus crustose, pale yellow, of grain-like or wart-like texture
(granulose to verrucose), wart-like projections 0.16-0.28 mm wide, disappearing, rarely seen.
Secondary thallus richly branched, tufted, <15(-20) cm tall, forming rounded heads or mounds
of 3-6 branches that are 1.5-4 cm wide and in groups or mats, branches <1.5(-2) mm wide,
yellow-green to yellow-white, cortex absent, surface appears fibrous, axils open to hollow
interior, tips forming a 4 or 6 pointed star around the hole at the tips, branching dense with a
network of larger branches towards the centre and finer ones near the tips, individual trunk-like
main stems absent. Medulla white, on the outer surface. Soredia absent. Apothecia uncommon,
on branch tips, brown to dark brown, <0.5(-1) mm wide, convex. Pycnidia common, on branch
tips.
CHEMISTRY: Thallus P-, K-, KC+ dark yellow, C-, UV+ blue-white (usnic,
pseudonorrangiformic and perlatolic acids), var. aberrans also has psoromic acid (P+ bright
yellow).
HABITAT: On soil, rotting wood and heath.
DISTINCTIVE FEATURES: Thallus forming rounded heads or mounds, yellow-green, cortex
absent, individual trunk-like main stems absent, P± yellow, K-.
RANGE: Common throughout Ontario, abundant in northern Ontario.
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COMMENTS: C. rangiferina and C. stygia are similar, but they are grey, P+ red
(fumarprotocetraric acid) and have distinct trunk-like main stems. C. arbuscula is also similar,
but it does not form rounded heads or mounds, its branch tips are often facing the same direction,
and it has distinct trunk-like main stems. C. uncialis may appear similar as well, but it has a
smooth cortex throughout. A winter food source for woodland caribou. Used ornamentally for
wreaths, floral decorations, and miniature trees in architectural and railroad models. Source of
usnic acid for use in the European pharmaceutical industry as a mild antibiotic. Used in Sweden
to monitor fallout from the Chernobyl nuclear power plant explosion in the Ukraine. Large mats
cover the forest floor in the boreal region, which preserve soil moisture and reduce runoff,
prevent seed germination and growth from other species, and reflect heat.
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Cladonia stygia (Fr.) Ruoss
VERNACULAR NAMES: Black-footed reindeer lichen (red-nosed reindeer)
SYNONYMS: Cladina stygia (Fr.) Ahti., C. rangiferina f. stygia Fr.
DESCRIPTION: Primary thallus crustose, grey, grain-like (granulose), disappearing, rarely
seen. Secondary thallus richly branched, erect, <20(-25) cm tall, shades of grey, forming mats,
main branches distinct and <1.5(-2) mm wide, surface of main braches grainy to wart-like
(granulose to verruculose), surface of younger branches felt-like, outer cortex lacking, medulla
appears as a webby coating on the outer surface, the stereome (interior of the branches) and the
surface at the base becoming black with grey bumps. Soredia absent. Apothecia rare, in groups
or individually at the branch tips, dark brown, convex. Pycnidia common, at the branch tips,
black to dark brown, containing pale red jelly.
CHEMISTRY: Thallus P+ red, K+ pale yellow, KC-, C-, UV- (fumarprotocetraric acid and
atranorin).
HABITAT: On soil, usually on sandy soil in exposed or partially shaded sites.
DISTINCTIVE FEATURES: Thallus grey, P+ red, K+ yellow; basal part of the branches
black, black colour throughout the interior or stereome; pycnidia at the branch tips with pale red
jelly. RANGE: Common throughout northern Ontario.
COMMENTS: C. rangiferina is very similar in appearance, but the jelly in its pycnidia is
colourless and it is grey to pale brown at the base of the branches. Occasionally the base of C.
rangiferina is dark brown and may appear close to black, if a specimen is unclear make a 45o cut
at the base of a branch and see if it is black inside, only C. stygia will be black all the way
through. C. arbuscula and C. stellaris are also similar, but they are yellow-green (with usnic
acid) and K-.
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Cladonia uncialis (L.) F.H. Wigg.
VERNACULAR NAMES: Thorn cladonia (spike lichen) SYNONYM: C. pseudotellata Asah.
DESCRIPTION: Primary thallus disappearing. Secondary thallus richly branched, erect, <7(10) cm tall, <2(-4) mm wide, yellow-green, branching near the tips spike-like, tips lightly
browning, cupless, brittle when dry, surface mottled with white areas where the photobiont cells
are absent (maculate), generally smooth and shiny, cortex present throughout, axils with
roundish openings to the hollow interior, inner surface smooth. Medulla white. Soredia absent.
Apothecia rare, on branch tips, brown. Pycnidia common, on branch tips, brown.
CHEMISTRY: Thallus P-, K-, KC+ dark yellow, C-, UV- (usnic acid); medulla P-, K-, KC-, C, UV± bright blue-white (±squamatic acid).
HABITAT: On soil or rocks with a thin layer of soil.
DISTINCTIVE FEATURES: Podetia yellow-green, cortex present throughout, smooth, axils
open to hollow interior, inner surface smooth, P-, cupless, branching near the tips spike-like,
branch tips without a change of colour or pale brown. RANGE: Common throughout Ontario.
COMMENTS: Similar in appearance to C. amaurocraea, which is more sparsely branched,
generally has some branches with cups in a cluster, its tips are typically darker brown, and it is
UV- (lacks squamatic acid) and contains barbatic acid. C. dimorphoclada is also similar, but its
interior walls are not smooth, they have lumps throughout, and it often grows horizontally along
the surface, or at least the branches at the edges do, while C. uncilias only grows vertically or
erect. Species of the reindeer lichen group or subgenus Cladina, may also appear similar,
particularly C. arbuscula, but they lack a cortex so the medulla appears as a webby coating on
the outer surface. Used by woodland caribou as a food source, particularly in the winter months
when other food options are limited.
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Cladonia verticillata (Hoffm.) Schear.
VERNACULAR NAMES: Ladder lichen
SYNONYM: C. cervicornis ssp. verticillata (Hoffm.) Ahti
DESCRIPTION: Primary thallus foliose, basal leaflets (squamules), persisting or
disappearing, <5(-8) x <2(-4) mm, irregularly divided, upper surface grey-green or browning,
lower surface white. Secondary thallus stalked (podetia), erect, <4(-6) cm tall, <2(-3) mm wide,
cupped, generally unbranched, cups closed and <9 mm wide, proliferations originate in the
middle of the cups and make new cups that also have proliferations from the centre creating a
ladder-like appearance, shades of grey-green, browning with high sun exposure, surface with a
cortex throughout and generally smooth, squamules occasionally on the base. Soredia absent.
Apothecia common, on cup margins or short proliferations from the cup margins, brown.
Pycnidia common, on the cup margins and in the centre of the cups.
CHEMISTRY: Thallus P+ red, K-, KC-, C- (fumarprotocetraric acid).
HABITAT: On soil, thin layers of soil over rock, or rarely on rotting wood, generally in exposed
environments.
DISTINCTIVE FEATURES: Podetia with proliferations from in the middle of the cups that
make new cups with proliferations, tiered, ladder-like, surface smooth, continuous cortex,
soredia absent, P+ red.
RANGE: Common throughout Ontario.
COMMENTS: C. ecmocyna, C. gracilis ssp. turbinata and C. phyllophora may appear similar,
but they all have proliferations from their cup margins instead of the centre of the cups.
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Dactylina Nyl.
FAMILY: Parmeliaceae. PHOTOBIONT: Trebouxia. DESCRIPTION: Thallus erect, made
up of stalks (pseudopodetia), <4(-7) cm long, <8(-14) mm wide, branched to straight (simple) or
sparingly branched, hollow or with a loose webby medulla, smooth or slightly rough, yellowwhite to pale pink-purple, a frosted appearance (pruina) near the tips present or absent.
Pseudocyphellae absent. Isidia absent. Soredia absent. Rhizines absent. Apothecia uncommon,
lecanorine, disks brown, at the branch tips. Asci elongated with one end wider (clavate), 8spored. Spores colourless, 1-celled, spherical to ellipsoid. Pycnidia immersed, rounded.
Conidia straight to slightly curved. CHEMISTRY: Cortex P-, K-, KC+ yellow, C± red (usnic
and ±gyrophoric acids), medulla P± red, K-, KC± red, C± red (±gyrophoric, ±physodalic, and
±physodic acids). HABITAT: On the ground or heath in arctic and alpine environments.
COMMENTS: May appear similar to the stalks (podetia) of some species of Cladonia, but it
lacks basal leaflets (squamules) and it has a loose webby medulla. There are three species in
Canada, one of which occurs in Ontario. LITERATURE INCLUDES: Kärnefelt & Thell 1996;
Lynge 1933; Thomson & Bird 1978.
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Dactylina arctica (Richardson) Nyl. ssp. arctica.
VERNACULAR NAMES: Arctic finger lichen (mountain butter-fingers)
SYNONYM: Dactylina arctica (Richadrson) Nyl.
DESCRIPTION: Thallus of stout finger-like stalks in clusters, erect, <4(-7) cm long, <8(-14)
mm wide, unbranched or sparingly branched, pale yellow-white to pale pink-purple, becoming
brown when exposed, pruina absent, hollow. Apothecia rare, <5 mm wide. Pycnidia rare.
CHEMISTRY: Cortex P-, K-, KC+ yellow, C± red (usnic and ±gyrophoric acids), medulla P±
red, K-, KC+ red, C+ red (gyrophoric, ±physodalic and ±physodic acids).
HABITAT: On the ground or heath in arctic and alpine environments. Commonly found
growing with arctic heather (Casiope spp.).
DISTINCTIVE FEATURES: Thallus of stout finger-like stalks, pruina absent, hollow; cortex
P-, medulla C+ red; arctic and alpine environments.
RANGE: Uncommon, along the Hudson Bay coast.
COMMENTS: A distinctive species in Ontario. Other species within the genus are similar, but
they are not known from the Province. The stalks (podetia) of some Cladonia species may
appear similar, but they usually have basal leaflets (squamules), the cortex is often lacking or
breaking up, soredia are frequently present and the cortex is often P+ red (fumarprotocetraric
acid); at least one of these features will be present.
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Dibaeis Clem.
FAMILY: Icmadophilaceae. PHOTOBIONT: Coccomyxa. DESCRIPTION: Primary thallus
crustose, granular to rounded and wart-like, grey to grey white. Secondary thallus fruticose
fertile stalks, <5(-7) mm tall and <0.9(-1.1) mm wide, solid or with hollow areas, unbranched.
Medulla white. Isidia absent. Soredia common or absent. Pseudocyphellae absent. Rhizines
absent. Apothecia present at the tips of stalks, pink, rounded. Asci cylindrical, 8-spored. Spores
colourless, 1-celled, narrowing at both ends. Pycnidia immersed in warts on the primary thallus.
Conidia cylindrical with rounded ends, <5 x 2 μm. CHEMISTRY: Various (β-orcinal
depsides). HABITAT: Soil or gravel, commonly found at recently disturbed sites.
COMMENTS: One species in the genus occurs in Canada. Two genera are similar in Ontario:
Baeomyces, which has brown apothecia, and Icmadophila, which has flattened apothecia that
are not stalked. LITERATURE INCLUDES: Gierl & Kalb 1993; Rambold et al. 1993;
Thomson 1967a, 1984.
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Dibaeis baeomyces (L.f.) Rambold & Hertel.
VERNACULAR NAME: Pink earth
SYNONYM: Baeomyces roseus Pers.
DESCRIPTION: Primary thallus granular to rounded and wart-like, granules and warts
sometimes hollow, grey to grey-white. Secondary thallus stalked, <5(-7) mm tall and <0.9(-1.1)
mm wide, solid, ridged longitudinally, unbranched. Soredia rarely present, powdery. Apothecia
present at the tips of stalks, pink, rounded, <3(-4) mm wide.
CHEMISTRY: Apothecia and medulla P+ deep yellow, K± pale yellow, C-, UV+ blue-white
(baeomycesic and squamatic acids, ±atranorin, ±barbatic acid).
HABITAT: Soil or gravel.
DISTINCTIVE FEATURES: Thallus granular to warted, grey to grey-white; Apothecia
rounded, stalked, pink.
RANGE: Uncommon in the south becoming more common in the eastern boreal region.
COMMENTS: Baeomyces rufus is similar in appearance, but it has brown apothecia that are
more beret-shaped then rounded. Icmadophila ericetorum is also similar with striking pink
apothecia, which are flat and not on stalks.
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Ephebe Fr.
FAMILY: Lichinaceae. PHOTOBIONT: Stigonema. DESCRIPTION: Thallus of minute,
hair-like branches, typically in tufted clusters or dense mats, growing vertically or slightly erect,
slender, <1(-2.5) cm long, <0.2(-0.25) mm wide, round in cross section, richly to sparsely
branched, short spike-like side branches present or absent, dark brown to black when dry, dark
green to green-brown or black when wet, dull to shiny, cortex absent. Medulla absent. Isidia
absent, spike-like side branches may appear similar. Soredia absent. Rhizines absent. Apothecia
rare, along branches, developing from pycnidia, disks dot-like, with a proper margin. Asci 8 to
16-celled, cylindrical, apical dome absent. Spores colourless, 1(-3)-celled, ellipsoid. Pycnidia
common, along branches where they are swollen. Conidia colourless, 1-celled, ellipsoid to
cylindrical with rounded ends (bacilliform). CHEMISTRY: No known lichen substances.
HABITAT: On moist rocks. COMMENTS: Non-lichenized Stigonema are similar in
appearance, to see the fine fungal hyphae specimens need to be viewed microscopically. Species
of Spilonema are also similar in appearance, but their apothecia lack a thalline-like (there is no
cortex so this term does not really apply, but it helps to illustrate) or proper margin and the base
of their filaments are on a mat of dark rhizine-like hyphae (hypothallus). There are three species
that occur in Canada and one is in Ontario. LITERATURE INCLUDES: Henssen 1963;
Jørgensen 2007a.
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Ephebe lanata (L.) Vain.
VERNACULAR NAME: Waterside rockshag
DESCRIPTION: Thallus in tufts or mats <3(-5) cm wide; branches more like filaments, richly
and irregularly branched, <10(-14) cm long, <0.1(-0.5) mm wide or slightly wider at the base,
dark green to dark brown, rarely black, spike-like side branches absent or sparse; tips narrowing
to a point.
CHEMISTRY: No known lichen substances.
HABITAT: On moist rocks, usually along streams or lakes in spray or drip zones, occasionally
submerged.
RANGE: Rare, north shore of Lake Superior down along the shore of the great lakes to southern
Ontario.
DISTINCTIVE FEATURES: Thallus in mats <3(-5) cm wide; branches <10(-14) cm long,
<0.1(-0.5) mm wide, tips narrowing to a point, spike-like side branches absent or sparse.
COMMENTS: A distinctive lichen species in Ontario. The non-lichenized (free-living)
cyanobacteria that it is contains (Stigonema sp.) is very similar in appearance, so much so that
microscope investigation is needed to be certain of identification. Due to this similarity and the
inconspicuous nature of this species it may be under collected in the Province.
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Evernia Ach.
FAMILY: Parmeliaceae. PHOTOBIONT: Chlorococcoid. DESCRIPTION: Thallus fruticose
to subfruticose, tufted or pendent, pale green to pale yellow-green, connected at a single point;
branches flattened to ridged and angular in cross section, our species are soft when dry, other
species may not be, with or without a distinct upper and lower surface (dorsiventral). Medulla
white, solid, soft. Isidia present or absent. Soredia present or absent. Rhizines absent.
Pseudocyphellae absent. Apothecia rare, along branches with short stalks, disks red-brown,
lecanorine. Asci 8-spored. Spores colourless, 1-celled, ellipsoid. Pycnidia immersed on the
surface or margins, blackening around the hole (ostiole). Conidia needle-shaped (acicular).
CHEMISTRY: Thallus P-, K-, KC+ yellow, C- (usnic acid); medulla P-, K-, KC-, C-, UV+
(evernic or divaricatic acids). HABITAT: Bark, wood or soil, rarely on rock. COMMENTS:
There are four species in Canada, two of which occur in Ontario. They may appear similar to
species in a number of genera. Usnea is differentiated by the presence of a dense central cord,
Alectoria by a lack of soredia and a smooth cortex that is similar on all sides, Pseudevernia by
the lack of soredia and grey to white thallus, and Ramalina by its rigid and harder branches,
similar cortex on all sides and 2-celled spores. LITERATURE INCLUDES: Bird 1974; Bowler
1977; Culberson 1963; Howe 1911b.

1a. Branches flattened; distinct upper (pale green) and lower cortex (white); soredia dense to
sparse, granular along branch surfaces; no isidia; very rare in southern Ontario....E. prunastri
1b. Branches ridged and angular in cross section; cortex similar on all sides; sorerdia and/or
isidia common, on ridges; common throughout Ontario, particularly in the boreal region.........
...........................................................................................................................E. mesomorpha
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Evernia mesomorpha Nyl.
VERNACULAR NAME: Boreal oakmoss (sprucemoss)
SYNONYMS: E. thamnodes (Flot.) Arnold, Letharia thamnodes (Flot.) Hue
DESCRIPTION: Thallus branched, tufted to slightly pendent, shades of green to yellow-green;
branches flattened in cross section, wrinkled, <13(-15) cm long, cortex similar on all sides. Isidia
present or absent along ridges. Soredia common, coarse, along ridges, becoming isidioid.
CHEMISTRY: Thallus P-, K-, KC+ yellow, C- (usnic acid); medulla P-, K-, KC-, C-, UV+
white-blue (divaricatic acid).
HABITAT: Bark and wood in open canopy woodlands.
DISTINCTIVE FEATURES: Thallus richly branched, yellow-green, angular and ridged;
branches similar on all sides, soft; coarse soredia along ridges.
RANGE: Common throughout Ontario, particularly in the boreal region.
COMMENTS: Mature specimens are distinct. Immature specimens without soredia are
common and may resemble species of Ramalina, which are distinguished by flat branches in
cross section and a much more rigid thallus when dry, E. mesomorpha has soft flaccid branches
by comparison. E. prunastri is also similar in appearance, but it has flattened branches that are
pale-green to pale yellow-green on the upper surface and white on the lower surface. It is also
much rarer in Ontario. See genus description for comparisons to other genera. E. mesomorpha
and species of Usnea are among the most common lichens on the trees of northern Ontario, and
are most likely the cause of woodcutter‟s eczema, a skin rash caused by exposure to usnic acid.
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Evernia prunastri (L.) Ach.
VERNACULAR NAME: Oakmoss (antlered perfume)
DESCRIPTION: Thallus branching in twos (dichotomous), tufted to slightly pendent, shades
of pale green to yellow-green, <7(-9) cm long; branches flattened in cross section, pale-green to
pale yellow-green on the upper surface and white on the lower surface. Isidia absent. Soredia
common, along branch surfaces and margins.
CHEMISTRY: Thallus P-, K+ yellow, KC+ yellow, C- (atranorin and usnic acid); medulla P-,
K-, KC-, C-, UV+ white-blue (evernic acid).
HABITAT: Bark and wood, rarely on rocks.
DISTINCTIVE FEATURES: Branches flattened in cross section, pale-green to pale yellowgreen on the upper surface and white on the lower surface; soredia on branch margins and
surface.
RANGE: Rare, known from historic collections along Lake Ontario, thought to have been
extirpated in the Province, but it was found again in Bruce Peninsula National Park in 2008.
COMMENTS: Most fruticose species have a similar cortex on all sides; this is one of the
exceptions. See E. mesomorpha and the genus description for species comparisons.
Commercially important in Europe as a perfume fixative, it reduces the rate of evaporation and
improves stability, which helps products last longer while maintaining their original fragrance.
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Gowardia P. Halonen, L. Myllys, S. Velmala, & H. Hyvärinen
FAMILY: Parmeliaceae. PHOTOBIONT: Trebouxioid. Thallus shrubby, erect and tufted or
growing along the ground (decumbent); branches round in cross section to flat and angular, pale
grey to dark brown or black, ±bicoloured, secondary branches typically darker, <13 cm tall.
Medulla white. Pseudocyphellae common, slit-like to cigar shaped (fusiform), flush with the
surface to slightly raised or depressed, white, <1 mm long, conspicuous. Isidia absent. Soredia
absent. Rhizines absent. Apothecia uncommon or unknown, on the sides of the branches
(lateral), lecanorine, disks yellow-brown to red-brown and flat to convex. Asci 2-4 ascospores or
unknown. Ascospores colourless to red-brown, 1-celled, ellipsoid, unknown in one species.
Pycnidia unknown. CHEMISTRY: Cortex and medulla P+ yellow, K+ yellow, KC+ red, C+
pink (alectorialic acid). HABITAT: On soil and tundra heaths in arctic conditions.
COMMENTS: Recently separated from Alectoria, which is differentiated by its yellow-green
colour (usnic acid), temperate environment and it typically grows on trees. Similar in appearance
to Bryoria nitidula, but it has a P+ red medulla (fumarprotocetraric acid) and its pseudocephellae
are brown and inconspicuous. May also appear similar to Bryocaulon divergens, but it has a Pcortex and medulla. There are two species in Canada, one of which occurs in Ontario.
LITERATURE INCLUDES: Brodo & Hawksworth 1977; Halonen et al. 2009.
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Gowardia nigricans (Ach.) P. Halonen, L. Myllys, S. Velmala & H. Hyvärinen
VERNACULAR NAME: Grey witch‟s hair
SYNONYMS: Alectoria nigricans (Ach.) Nyl., Cornicularia ochroleuca var. nigricans Ach.
DESCRIPTION: Thallus <8(-10) cm tall, richly branched, tufted, erect or growing along the
ground (decumbent); branches rounded in cross section to flat and angular at the base or where
branches join, dull, grey to dark brown or black, usually with a grey main stem and fine black
secondary branches, <2 (-2.5) mm wide. Apothecia uncommon. Spores <40 x <23 μm.
CHEMISRTY: Cortex and medulla P+ yellow, K+ yellow, KC+ red, C+ pink (alectorialic acid).
HABITAT: On soil and tundra heaths in arctic conditions, rarely on the lower branches of trees
and shrubs.
DISTINCTIVE FEATURES: Main branches grey, secondary branches fine and black;
pseudocephellae white, conspicuous; cortex P+ yellow; on soil or heath in arctic conditions.
RANGE: Common along the Hudson Bay Coast.
COMMENTS: Alectoria ochroleuca is similar in appearance, but it has usnic acid in cortex so
the areas that are not darkened are yellow-green, this is best seen near the base. See genus
description for comparisons to other similar species.
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Heterodermia Trevis.
FAMILY: Physciaceae PHOTOBIONT: Chlorococcoid. DESCRIPTION: Thallus
foliose or fruticose, growing closely against the substrate or loosely attached, lobes contiguous
(touching) or ribbon-like (long, narrow and flat), lobes often with marginal cilia that are
unbranched or branched; upper surface white to green-grey, hyphae is orientated longitudinally
(periclinal)(best seen microscopically); lower surface with or without a cortex, when a cortex is
present the hyphae is orientated longitudinally, white to yellow or darkening. Isidia absent.
Soredia present or absent, typically marginal or on the lower surface of the lobe tips. Rhizines
common, pale to black, often extending beyond lobe margins. Apothecia rare in most species,
lecanorine, disks dark brown to brown-black. Spores brown, 2-celled, thick walled. Pycnidia
immersed, blackened. Conidia cylindrical with rounded ends (bacilliform). CHEMISTRY:
Upper cortex P-, K+ yellow, KC-, C- (atranorin); medulla ±terpenes (usually zeorin), ± ß-orcinol
depsides and depsidones (usually norstictic and salazinic acids) and ±pigments. HABITAT: On
bark, wood, and rocks, rarely on soil. COMMENTS: There are nine species in Canada, six of
which occur in Ontario. One species in the Province is fruticose, H. leucomela, the others are
foliose. Species of Anaptychia may appear similar, but they have a K- upper surface, they are
usually darker in colour (browner) and do not have thick walled spores. Species of Physcia may
also appear similar, but the lower surface always has a cortex and the hyphae on the upper
surface is not oriented longitudinally, is more uniform (pseudoparenchymatous).
LITERATURE INCLUDES: Lendemer 2009, Lücking et al. 2008, Moberg 2004, Moberg and Nash 1999
and 2002, Culberson 1966, Poelt 1965, Kurokawa 1962.
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Heterodermia leucomela (L.) Poelt
VERNACULAR NAME: Elegant fringe lichen
SYNONYMS: H. leucomelaena (L.) Poelt., Anaptychia leucomelaena (L.) A.Massal.
DESCRIPTION: Thallus growing along the surface initially then flaring out, <15(-20) cm
long; branches flat in cross section, <1.5(-3) mm wide, black hairs (cilia) on the margins that are
<8(10) mm long, upper surface white to grey-white, smooth, lower surface without a cortex,
white, channelled, powdery. Soredia common on the lower surface of up-turned lobe tips,
granular. Isidia absent. Apothecia rare, disk brown-black. Pycnidia black, immersed. Conidia
cylindrical with round ends.
CHEMISTRY: Cortex P-, K+ yellow, KC-, C- (atranorin); medulla and soredia P+ yellow, K+
yellow to red, C- (salazinic acid and zeorin).
HABITAT: On deciduous trees or rock in moist environments.
DISTINCTIVE FEATURES: Branches ribbon-like, <15(-20) cm long, <1.5(-3) mm wide,
white to grey-white, black hairs (cilia) on the margins; lower surface without a cortex,
channelled, P+ yellow, K+ yellow to red, soredia on up-turned tips.
RANGE: Rare, known from a single collection along the northeastern shore of Lake Ontario.
The collection was made over 100 years ago. The species is likely extirpated or it is rumoured
that the packet may have been mislabelled. This would be a slightly disjunct population, but it
does occur in the nearby Adirondack Mountains in New York State.
COMMENTS: Anaptychia crinalis is similar in appearance, but its upper and lower surface are
K- and it lacks soredia.
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Hypogymnia (Nyl.) Nyl.
FAMILY: Parmeliaceae. PHOTOBIONT: Chlorococcoid. DESCRIPTION: Thallus
foliose to fruticose, closely or loosely attached to the substrate. Lobes with an inflated
appearance, mostly hollow, rarely somewhat solid with a loose medulla, a perforation at the lobe
tips present or absent, interior ceiling white to dark-brown. Upper surface shades of grey-green
to brown. Lower surface black, smooth or wrinkled, irregular perforations near the lob tips
present or absent. Isidia absent. Soredia common or absent, granular or powdery, on the upper
surface, at the lobe tips or on the lower surface of up turned lobe tips. Pseudocyphellae absent.
Rhizines absent. Apothecia common to rare, on the upper surface, lecanorine, disks flat to
concave and red-brown, raised and constricted at the base. Asci 8-spored. Spores colourless, 1celled, ellipsoid, <10 x <6.5 μm. Pycnidia common, immersed, appearing as place dots on the
upper surface, freckle-like. Conidia <8 x <1 μm, mostly cylindrical. CHEMISTRY: Upper
cortex P-, K+ yellow, KC-, C- (atranorin); medulla P± red, K-, KC± pink, C- (±physodalic,
±physodic and ±protocetraric acids). HABITAT: On bark and wood, rarely on rock or soil.
COMMENTS: Some species are very abundant and ubiquitous in Ontario, particularly H.
physodes. Species of Menegazzia are similar, they also have hollow branches that appear
inflated, but they have perforations throughout the upper surface and larger spores (<60 x <35
μm in Ontario‟s species). Often growing with species of Parmelia and may appear somewhat
similar, but they do not have an inflated appearance, their lobes are solid, and they have rhizines.
There are 21 species in Canada and six in Ontario. Two species in this genus are considered
subfruticose to fruticose, the rest are foliose. LITERATURE INCLUDES: Krog 1974; Hillmann
1935; McCune et al. 2006; Nuno 1964.

1a. Soredia on the upper surface of the lobe tips............................................................H. tubulosa
1b. Soredia on the lower surface of upturned lobe tips......................................................H. vittata
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Hypogymnia tubulosa (Schaer.) Hav.
VERNACULAR NAMES: Powder-headed tube lichen (dog bone)
SYNONYM: Parmelia tubulosa (Schaer.) Bitter
DESCRIPTION: Thallus <8(-10) cm wide, flaring branches; branches hollow, tube-like,
<2(-3) mm wide, upper surface grey to green-grey, smooth, slightly wrinkled towards the centre,
lower surface black, occasionally brown near the margins, wrinkled. Soredia common on the
upper surface of the lobe tips, powdery. Isidia absent. Rhizines absent. Apothecia rare, stalked,
lecanorine, <2.0 mm wide, disk red-brown.
CHEMISTRY: Upper cortex P-, K+ yellow, KC-, C- (atranorin); medulla P-, K-, KC+ red, C(physodic acid, 3-hydroxyphysodic acid and 2‟-O-methylphysodic acid).
HABITAT: On several tree types, typically those with acidic bark, such as conifers and birches.
DISTINCTIVE FEATURES: Branches hollow, tube-like, <2(-3) mm wide; soredia on the
upper surface of lobe tips.
RANGE: Common in the eastern boreal region.
COMMENTS: Typically found growing with H. physodes. H. physodes and H. vittata are
similar in appearance, but they have soredia on the lower surface of upturned lobe tips.
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Hypogymnia vittata (Ach.) Parrique
VERNACULAR NAME: Slender monk‟s hood lichen
SYNONYM: Parmelia vittata (Ach.) Nyl.
DESCRIPTION: Thallus <8(-10) cm wide; branches flaring to pendant, irregular, <2(-2.5) mm
wide, short and narrow perpendicular branches common, the interior ceiling is brown to black,
upper surface grey to green-grey, often browning, lower surface black, occasionally brown near
the margins, wrinkled, frequently with irregular holes. Soredia common on the lower surface of
up-turned lobe tips. Isidia absent. Rhizines absent. Apothecia rare, stalked, lecanorine, <2.0 mm
wide, disk red-brown.
CHEMISTRY: Upper cortex P-, K+ yellow, KC-, C- (atranorin); medulla and soredia P-, K-,
KC+ red, C- (physodic acid, 3-hydroxyphysodic acid and vittatolic acid). HABITAT: On
conifers or moss covered rocks, rarely on soil.
DISTINCTIVE FEATURES: Branches hollow, irregular, <2(-2.5) mm wide; soredia on the
lower surface of upturned lobe tips; interior ceiling brown to black; medulla and soredia P-.
RANGE: Uncommon, on the north shore of Lake Superior.
COMMENTS: The much more common H. physodes also has soredia on up-turned lobe tips
and can appear similar, but its lobes are shorter and wider, the interior ceiling is white, and the
medulla and soredia are P+ red. There are intermediate specimens that will require a P test to be
certain.
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Leptogium (Ach.) Gray
FAMILY: Collemataceae PHOTOBIONT: Nostoc. DESCRIPTION: Thallus most
species are foliose and the rest are crustose or minutely fruticose, when dry most species are
steel-grey, but some are also dark olive to red-brown, when wet they are dark olive to black and
gelatinous (jelly-like), growing closely against the substrate or loosely attached; upper surface
with a cortex, smooth to wrinkled or ridged, generally shiny; lower surface typically with a
cortex, usually similar in colour to the upper surface, smooth or covered in a white pubescence
(tomentum). Isidia present or absent. Soredia absent. Rhizines usually absent, white, clustered.
Apothecia present or absent, lecanorine, disks red-brown to dark brown or black, typically on
the upper surface. Spores colourless, 4-celled to muriform. Asci 4 to 8-spored, wider at one end
(clavulate). Pycnidia on the upper surface or the margins, ±immersed, rounded. Conidia
cylindrical with rounded ends (bacilliform), colourless, 1-celled. CHEMISTRY: All reactions
are negative, there no known lichen substances. HABITAT: On bark, wood, rocks and soil.
Usually in moist environments, but also in dry ones. COMMENTS: There are 31 species in
Canada, 17 of which occur in Ontario. Two minute species in the Province are fruticose, L.
tenuissimum and L. teretiusculum, the others are foliose. Species in the genus Collema are
similar in appearance, particularly when they are wet because they are also dark olive to black
and gelatinous. When dry, Collema species differ by remaining blackish and dull instead of
steel-grey or red-brown and shiny. Collema also lacks an upper and lower cortex. When viewing
a sectioned lobe of a Leptogium specimen with a stereoscope you will be able to see the layers of
cortex, at least the upper cortex. LITERATURE INCLUDES: Jørgensen 1975, 1994, 1997,
2007b, Jørgensen and James 1983, Sierk 1964.
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1a. Apothecia present; lobes 1-2 mm wide with cylindrical projections on the margins that are
generally more horizontally oriented...................................................................L. tenuissimum
1b. Apothecia absent; lobes <1 mm wide with cylindrical projections on the margins that are
generally more vertically oriented....................................................................L. teretiusculum

Leptogium teretiusculum (Wallr.) Arnold
VERNACULAR NAME: Dwarf lilliput jellyskin
SYNONYM: L. microscopicum Nyl.
MISAPPLIED NAME: L. intricatulum Nyl.
DESCRIPTION: Thallus blue-grey to brown, starting with smooth flat lobes growing close to
the surface that are <1 x <0.2 mm; marginal projections then develop on the lobes that are
narrow, rounded, <0.8(-1) mm long, and become erect, clustered and coral-like. Isidia present,
marginal projections are a large form. Soredia absent. Apothecia rare, not known in North
America.
CHEMISTRY: Cortex and medulla P-, K-, KC-, C-(no known lichen substances).
HABITAT: Deciduous trees with basic bark, less frequently on basic rocks.
DISTINCTIVE FEATURES: Apothecia absent; minute lobes <1 x <0.2 mm covered in
narrow, clustered, and coral-like marginal projections that are <0.8(-1) mm long.
RANGE: Rare in southern Ontario and the north shore of Lake Superior.
COMMENTS: L. tenuissimum is similar in appearance, but it usually has apothecia, its lobes
are larger (1-2 mm wide), and the marginal projections (which are similar in size for both
species) are more horizontally oriented.
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Lichenomphalia Redhead, Lutzoni, Moncalvo & Vilgalys
FAMILY: Uncertain or undescribed, within the order Agaricales. PHOTOBIONT: Coccomyxa.
DESCRIPTION: Primary growth (thallus) crustose, green granules, or foliose, rounded
overlapping lobes. Secondary growth (basidiomata) fruticose, fleshy, stalked, smooth,
mushroom-like, capped with gills beneath, without thallus granules or lobes. Isidia absent.
Soredia absent. Rhizines absent. Basidia on gills, with 2-8 basidiospores. Spores
(Basidiospores) colourless, ellipsoid, walls smooth and thin. Spore Print white.
CHEMISTRY: No known lichen substances. HABITAT: On rotting wood or soil in moist
habitats. COMMENTS: There are three species in Canada, two of which occur in Ontario. The
fleshy mushroom-shaped fruiting bodies are distinct when compared with other lichens, but they
are often confused with free living fungi. The lichenized thallus, however, will distinguish them.
The fungal partner is a Basidiomycota, which is rare in the lichen world. Multiclavula is the only
other genus in Ontario with a Basidiomycota mycobiont. LITERATURE INCLUDES: Bigelow
1970; Redhead & Kuyper 1987, 1988; Redhead et al. 2002.

1a. Thallus foliose; lobes rounded, <5(-7) mm; rare, Hudson Bay coastal region....L. hudsoniana
1b. Thallus crustose, granular, granules <0.15(-0.25) mm wide; common, throughout northern
Ontario..................................................................................................................L. umbellifera
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Lichenomphalia hudsoniana (H.S. Jenn.) Redhead, Lutzoni, Moncalvo & Vilgalys
VERNACULAR NAME: Arctic mushroom scales
SYNONYMS: Omphalina hudsoniana (H.S. Jenn.) H.E. Bogalow, Coriscium viride (Ach.)
Vain., Botrydina viridis (Ach.) Redhead & Kuyper, Phytoconis viridis (Ach.) Redhead &
Kuyper, Normandina viridis (Ach.) Nyl.
DESCRIPTION: Primary thallus foliose, green, margins pale green and upturned, rounded,
<5(-7) mm wide. Secondary growth fruticose, erect, solid fertile stalks with a mushroom-like
cap, pale yellow to yellow-orange, unbranched, <1.5(-2.5) cm long, <2(-3) mm wide; cap with
gills on the lower surface, <2(-3.5) cm wide, flat to convex. Basidia with 4 basidiospores.
Basidiospores <9(-12) x 4(-6) μm.
HABITAT: On soil in arctic or alpine conditions.
DISTINCTIVE FEATURES: Lobes green, rounded, margins pale green and upturned. Fruiting
bodies fleshy, mushroom-like, capped, gills on the lower surface of the caps, pale yellow to
yellow-orange.
RANGE: Rare, northern Ontario, one collection known from the Hudson Bay coastal region.
COMMENTS: The fleshy mushroom-like fruiting bodies make this genus distinctive. The lobed
thallus makes L. hudsoniana distinctive within the genus because the rest of the species have a
granular crustose thallus. If the fruiting bodies are absent it may appear similar to Normandina
pulchella, but its lobes are often sorediate and it is found in more southern areas of the province.
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Lichenomphalia umbellifera (L. :Fr.) Redhead, Lutzoni, Moncalvo & Vilgalys
VERNACULAR NAME: Greenpea mushroom lichen
SYNONYMS: Omphalina umbellifera (L. : Fr.) Quélet, O. ericetorum (Pers. : Fr.) M. T. Lange,
Phytoconis ericetorum (Pers. : Fr.) Redhead & Kuyper, Botrydina botryoides (L.) Redhead &
Kuyper, B.vulgaris Bréb.
DESCRIPTION: Primary thallus crustose, green, granular, granules <0.15(-0.25) mm wide,
occasionally disappearing. Secondary growth fruticose, erect, solid fertile stalks with a
mushroom-like cap, pale yellow to yellow-brown, unbranched, <1.5(-2.5) cm long, <1(-2) mm
wide; cap with gills on the lower surface, <1(-2.5) cm wide, flat to convex, centre depressed or
funnel-shaped and darker in colour (browner). Basidia with 1, 2 or 4 basidiospores.
Basidiospores <8(-10) x <6(-8) μm.
HABITAT: On soil, rotten wood and occasionally tree bases in moist environments.
DISTINCTIVE FEATURES: Thallus crustose with green granules <0.15(-0.25) mm wide;
fruiting body mushroom-like, yellow to yellow-brown, <1.5(-2.5) cm long, <1(-2) mm wide, cap
with gills on the lower surface.
RANGE: Common throughout northern Ontario.
COMMENTS: An often over looked species due to its resemblance to free living or nonlichenized fungi, particularly if the fruiting bodies are absent. It is distinct from any other lichen
species except L. hudsoniana, which has a foliose thallus.

236

Multiclavula R.H. Peterson
FAMILY: Clavulinaceae. PHOTOBIONT: Uncertain, likely Coccomyxa. DESCRIPTION:
Primary growth is a layer of green algae. Secondary growth (basidiomata) is a fruticose clublike (larger at one end) fruiting body that is straight or sparsely branched, creamy white or pale
yellow to pale orange, <1.5(-2.5) cm tall, <1.5(-2) mm wide. Isidia absent. Soredia absent.
Rhizines absent. Spores (Basidiospores) ellipsoid, ±elongated, walls smooth and thin. Spore
Print creamy white. CHEMISTRY: Unknown. HABITAT: On moist soil or moist wood.
COMMENTS: There are two species in Canada, one of which occurs in Ontario. It is
uncommon, but may have been overlooked as a fungus alone. Though a mycobiont (fungus) and
photobiont (algae) are both present and they require each other, no thallus structure is formed.
Therefore, it may not fully qualify as a lichen by all definitions, but it is typically included as
one. The fungal partner is a Basidiomycota, which is rare in the lichen world. Lichenomphalia is
the only other genus in Ontario with a Basidiomycota mycobiont. LITERATURE INCLUDES:
Petersen 1967.
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Pilophorus Th. Fr.
FAMILY: Cladoniaceae. PHOTOBIONT: Chlorococcoid and Nostoc or Stigonema in the
cephalodia. DESCRIPTION: Primary thallus crustose, granular or with small cortical
segments (areolate), grey to grey-green. Secondary thallus fruticose, stalked (pseudopodetia),
erect, unbranched or sparsely branched, solid, <1.5(-2.5) cm tall, surface granular to areolate.
Cephalodia common, dark brown to black, minute, wart-like, on the primary thallus,
occasionally on the pseudopodetia. Isidia absent. Soredia common or absent, granular. Rhizines
absent. Apothecia common, at the tips of the pseudopodetia, black, rounded, without a distinct
margin. Asci wider at one end (clavate), 8-spored. Spores colourless, 1-celled, ellipsoid.
Pycnidia common, black, on the tips of pseudopodetia without apothecia, often ringed with
granules. Conidia curved, colourless, 1-celled. CHEMISTRY: Cortex P-, K+ yellow, KC-, C(atranorin and ±zeorin). HABITAT: On rocks. COMMENTS: Some species of Cladonia may
appear similar, but they have hollow stalks (podetia) with red or brown apothecia, not black.
There are eight species in Canada, two of which occur in Ontario. LITERATURE INCLUDES:
Jahns 1970, 1981.

1a. Stalks (pseudopodetia) with granular soredia, <5(-10) mm tall; rare on the north shore of
Lake Superior.............................................................................................................P. cereolus
1b. Pseudopodetia lacking soredia, <25(-30) mm tall; known from a single collection in
southeastern Ontario, which may have been mislabelled........................................P. acicularis
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Pilophorus cereolus (Ach.) Th. Fr.
VERNACULAR NAME: Powdered matchstick
SYNONYM: Pilophoron cereolus (Ach.) Th. Fr.
DESCRIPTION: Primary thallus crustose, grey-green, in rounded cortical segments (areolate),
persisting. Secondary thallus stalked (pseudopodetia), cupless, unbranched, solid, <4(-5) mm
tall, pale grey-green, generally sorediate on the upper half and areolate on the lower half.
Cephalodia common, pink-brown to black, between areolae on the primary thallus,
hemispherical. Soredia common, on the areolae and at least the upper half of the pseudopodetia,
granular. Apothecia rare, on the tips of the pseudopodetia, rounded (globular), <1 mm wide.
Pycnidia common, on the tips of the pseudopodetia without apothecia.
CHEMISRTY: Cortex P-, K+ yellow, KC-, C- (atranorin and zeorin).
HABITAT: On rock, often in humid and shaded environments.
DISTINCTIVE FEATURES: Primary thallus crustose, areolate; pseudopodetia cupless,
unbranched, solid, <4(-5) mm tall, powdery soredia on at least the upper half, P-, K+ yellow,
KC-.
RANGE: Rare on the north shore of Lake Superior.
COMMENTS: Rarely collected in North America. Similar in appearance to Stereocaulon
pileatum, but it has branched (sparsely) pseudopodetia that are smooth on the lower half instead
of areolate, the soredia are KC+ pink (lobaric acid), and the primary thallus is granular.
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Pseudevernia Zopf
FAMILY: Parmeliaceae. PHOTOBIONT: Trebouxioid. DESCRIPTION: Thallus shrubby,
tufted to semi-pendent, connected at a single point; branches flat to round in cross section, in
twos (dichotomous), upper surface grey to grey-white, lower surface blackening, channelled.
Medulla white, compact. Isidia present or absent. Soredia present or absent. Rhizines absent.
Pseudocyphellea absent. Apothecia present or rare, stalked, lecanorine, red-brown disks. Asci
larger at one end (clavulate), lecanora-type, 8-spored. Spores colourless, 1-celled, ellipsoid.
CHEMISTRY: North American species only; thallus P± pale yellow, K+ yellow, KC-, C(atranorin); medulla P-, K-, KC+ red, C+ pale red to red (lecanoric acid). HABITAT: Conifer
bark. COMMENTS: There are two species in Canada, one of which occurs in Ontario.
LITERATURE INCLUDES: Hale 1968.
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Pseudevernia consocians (Vain.) Hale & W.L. Culb.
VERNACULAR NAME: Common antler lichen
SYNONYM: Parmelia consocians Vain.
DESCRIPTION: Thallus branched, tufted to slightly pendent, <10(-12) cm wide; branches
flattened to round near the tips, wrinkled, <3(-4) mm wide, upper surface grey to grey-white,
lower surface blackening, channelled. Isidia common along branch surface and margins, straight
(simple) or branched. Soredia absent. Apothecia rare.
CHEMISTRY: Thallus P± pale yellow, K+ yellow, KC-, C- (atranorin); medulla P-, K-, KC+
red, C+ pale red to red (lecanoric acid).
HABITAT: Conifer bark.
DISTINCTIVE FEATURES: Thallus grey to grey-white on the upper surface and channelled
and blackening on the lower surface; isidia on branch surface and margins.
RANGE: Southern Ontario to the boreal region, uncommon in its distribution, but usually
abundant where it occurs.
COMMENTS: This is a distinctive species, particularly when mature. Species of Ramalina may
appear similar, but they do not have a distinct upper and lower cortex. Species of Evernia may
also appear similar, but they have a green to yellow-green upper surface and soredia instead of
isidia.
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Ramalina Ach.
FAMILY: Ramalinaceae. PHOTOBIONT: Trebouxioid. DESCRIPTION: Thallus branched,
tufted or pendent, pale green to yellow-green, usually connected at a single point; branches
hollow or solid, hollow branches often with perforations, flattened or round in cross section,
without a distinct upper and lower surface. Medulla white, dense to lax in species with hollow
branches. Isidia absent. Soredia present or absent. Rhizines absent. Pseudocyphellae present,
inconspicuous. Apothecia present or absent, typically at the branch tips, lecanorine, disks pale
yellow or tan, flat to concave. Asci elongated, larger at one end (clavate), 8-spored. Spores
colourless, 2-celled, straight or ellipsoid. Pycnidia sparse, exit hole (ostiole) pale. Conidia
colourless, 1-celled, straight with rounded ends. CHEMISTRY: Cortex P-, K-, KC+ yellow, C(usnic acid); medulla various (β-orcinal depsides and depsidones) HABITAT: Bark, wood or
less frequently on rock. COMMENTS: May appear similar to several species in Ontario: Usnea
is differentiated by the presence of a dense central cord, Alectoria by a lack of soredia and
conspicuous and raised pseudocyphellae, Pseudevernia by its lack of soredia and a grey to white
thallus, and Evernia by its softer branches, a distinct upper and lower surface and 1-celled
spores. There are 16 species in Canada, eight of which occur in Ontario. LITERATURE
INCLUDES: Bowler 1977; Bowler & Rundel 1977, 1978; Hale 1978; Howe 1913-1914; Krog
& James 1977; LaGreca 1999; Nylander 1870; Rundel & Bowler 1976; Wylie 1977.

1a. Soredia absent; apothecia common............................................................................................2
2a. Branches hollow, often perforated; common in northern Ontario, rare in the south..............
...........................................................................................................................R. dilacerata
2b. Branches solid, without perforations; common in southern Ontario................R. americana
1b. Soredia present; apothecia rare..................................................................................................3
3a. Thallus pendent; branches round in cross section...............................................R. thrausta
3b. Thallus tufted to slightly pendent; branches flat in cross section.........................................4
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4a. Branches hollow, often perforated...................................................................................5
5a. Soredia on the inside of inflated hood-like branch tips; branches <3(-4) mm wide;
uncommon, north shore of Lake Superior to southern Ontario..................R. obtusata
5b. Soredia on fine branch tips; branches <1(-2) mm wide; common to uncommon,
north shore of Lake Superior, coast of Hudson Bay and James Bay...........R. roesleri
4b. Branches solid, without perforations...............................................................................6
6a. Soredia on branch expansions near the lobe tips, but occasionally in smaller soralia
along the branch surface as well; uncommon, north shore of Lake Superior and
southeastern Ontario................................................................................R. pollinaria
6b. Soredia marginal or on finely divided branch tips.....................................................7
7a. Clearly delineated elliptical soralia along branch margins; common to
uncommon, central to northern Ontario.............................................R. farinacea
7b. Irregular soredia on finely divided branch tips; common throughout Ontario.......
..........................................................................................................R. intermedia

Ramalina dilacerata (Hoffm.) Hoffm.
VERNACULAR NAMES: Punctured ramalina (punctured bush)
SYNONYMS: R. minuscula (Nyl.) Nyl., Fistulariella minuscula (Nyl.) Bowler & Rundel
DESCRIPTION: Thallus branched, tufted, pale green to yellow-green, <2(-3) cm tall; branches
hollow, main branches flat in cross section, punctured (best seen towards the base of the main
branches), <1.5(-2) mm wide. Soredia absent. Apothecia common at the branch tips or along the
branches near the tips, pale yellow, flat to concave. CHEMISTRY: Cortex P-, K-, KC+ yellow,
C- (usnic acid); medulla P-, K-, KC-, C-(divaricatic acid).
HABITAT: Bark.
DISTINCTIVE FEATURES: Thallus tufted, <2(-3) cm tall; main branches flat in cross
section, hollow and perforated; apothecia common on branch tips.
RANGE: Common throughout northern Ontario, rare in the south.
COMMENTS: R. americana is similar in appearance, but it is not hollow and has no
perforations.
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Ramalina farinacea (L.) Ach.
VERNACULAR NAMES: Dotted ramalina (the dotted line)
SYNONYMS: R. hypoprotocetraria W.L.Culb., R. reagans (de Lesd.) W.L.Culb.
DESCRIPTION: Thallus branched, tufted to slightly pendent, pale green to yellow-green, <7(10) cm long; branches solid, main branches flat in cross section, ±channelled, <2(-3) mm wide.
Soredia common, powdery, in clearly delineated oval soralia along the margins. Apothecia rare.
CHEMISTRY: Cortex P-, K-, KC+ yellow, C- (usnic acid); medulla P+ red, K-, KC+ pink, C(protocetraric acid) or P+ orange, K+ yellow to red, KC-, C- (salazinic acid) or P-,K-, KC-, C(±hypoprotocetraric acid).
HABITAT: Bark and wood, less frequently on rocks.
DISTINCTIVE FEATURES: Soredia powdery, in clearly delineated oval soralia along the
margins; thallus tufted to slightly pendent, <7(-10) cm tall; main branches flat in cross section;
apothecia rare.
RANGE: Common to uncommon in central to northern Ontario.
COMMENTS: The oval soralia along the margins of this species are distinctive. R. intermedia
may occasionally appear similar, but it has finely divided branch tips with granular soredia and
no reactions with chemical spot test (sekikaic acid).
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Ramalina intermedia (Delise ex Nyl.) Nyl.
VERNACULAR NAMES: Rock ramalina (rock bush)
SYNONYM: R. minuscula (Nyl.) Nyl. ssp. intermedia Delise ex Nyl.
DESCRIPTION: Thallus branched, tufted to slightly pendent, pale green to yellow-green, <3(5) cm long; branches solid, main branches flat in cross section, <1(-2) mm wide, tips finely
divided. Soredia common, granular, in irregular soralia along branches close to or at the tips,
most noticeable on the finely divided branch tips. Apothecia rare.
CHEMISTRY: Cortex P-, K-, KC+ yellow, C- (usnic acid); medulla P-, K-, KC-, C- (sekikaic
acid).
HABITAT: Rock, rarely on bark or wood.
DISTINCTIVE FEATURES: Soredia granular, on finely divided branch tips; thallus tufted to
slightly pendent, <3(-5) cm long; main branches solid, flat in cross section; apothecia rare.
RANGE: Common throughout most of Ontario.
COMMENTS: R. roesleri may appear similar, but its branches are hollow and perforated and it
typically grows on trees. R. farinacea may occasionally appear somewhat similar, but is has fine
powdery soredia in clearly delineated oval soralia along the branch margins, the branch tips are
not finely divided and it is longer (<7{-10} cm).

245

Ramalina roesleri (Hochst. ex Schaer.) Hue
VERNACULAR NAMES: Frayed ramalina (perforated ramalina)
SYNONYMS: Fistulariella roesleri (Hochst. ex Schaer.) Bower and Rundel, R. pollinariella
(Nyl.) Nyl.
DESCRIPTION: Thallus finely branched, tufted, pale green-white to pale yellow-green, <3(-5)
cm long; branches hollow, perforated (best seen towards the base of the main branches), flat in
cross section, <0.8(-1.5) mm wide, finely divided towards the tips. Soredia common, granular, at
the lobe tips. Apothecia rare.
CHEMISTRY: Cortex P-, K-, KC+ yellow, C- (usnic acid); medulla P-, K-, KC-, C- (sekikaic
acid).
HABITAT: Bark, or rarely on wood or rock, in humid environments.
DISTINCTIVE FEATURES: Branches hollow and perforated; soredia granular, on fine branch
tips; thallus tufted, <3(-5) cm long; apothecia rare.
RANGE: Common to uncommon on the north shore of Lake Superior and along the coast of
Hudson Bay and James Bay.
COMMENTS: a distinctive species in Ontario. R. intermedia may appear similar, but its
branches are solid and lack perforations and it typically grows on rocks.
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Ramalina thrausta (Ach.) Nyl.
VERNACULAR NAME: Angel hair
SYNONYMS: Alectoria thrausta Ach., R. crinalis (Ach.) Gyeln., Alectoria crinalis Ach.
DESCRIPTION: Thallus finely branched, pendent, yellow-green, <25(-30) cm long; branches
solid, round in cross section, <0.4(-0.6) mm wide, tips fine and curled. Soredia common, fine to
granular, at the branch tips. Pseudocyphellae common, round to oval, slightly raised. Apothecia
rare.
CHEMISTRY: Cortex P-, K-, KC+ yellow, C- (usnic acid); medulla P-, K-, KC-, C-.
HABITAT: Bark, particularly conifers, rarely on rock or soil, in humid environments.
DISTINCTIVE FEATURES: Thallus pendent, <25(-30) cm long; branches round in cross
section, tips curled; soredia typically on or near branch tips.
RANGE: Common to uncommon on the north shore of Lake Superior and along the coast of
Hudson Bay and throughout north eastern Ontario.
COMMENTS: Similar in appearance to pendent species of Usnea, but they have a central cord.
It is also similar to Alectoria sarmentosa ssp. sarmentosa, which is distinguished by a lack of
soredia and more conspicuous pseudocyphellae.
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Sphaerophorus Pers.
FAMILY: Sphaerophoraceae. PHOTOBIONT: Trebouxioid. DESCRIPTION: Thallus richly
branched to sparse, tufted or in mats, <4(-6) cm long, pale grey-green to green or shades of
brown; branches round or irregular in cross section, <2 mm wide. Isidia absent. Soredia absent.
Rhizines absent. Pseudocyphellea absent. Apothecia at the branch tips (terminal), globular
(round), appear to be bursting out of the cortex leaving flap-like segments on the side, black, dry,
irregular spore mass (mazedium). Asci cylindrical, 8-spored, soon disappearing leaving an
irregular mass of spores. Spores dark purple, 1-celled, ellipsoid to round, granular appearance
around the edge. Pycnidia at the branch tips (terminal) or along the under surface of the small
terminal branches. Conidia ellipsoid. CHEMISTRY: Varied, medulla always with
sphaerophorin (UV+ blue-white). HABITAT: Bark, wood, rock or soil in humid conditions.
COMMENTS: There are four species in Canada, one of which occurs in Ontario.
LITERATURE INCLUDES: Högnabba & Wedin 2003; Keissler 1938; Ohlsson 1973; Rehm
1971; Tibell 1975, 1984; Wedin 1993; Wedin et al. 2000.
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Sphaerophorus globosus (Huds.) Vain.
VERNACULAR NAME: Coral lichen (clustered coral)
SYNONYMS: S. globosus (Huds.) Vain. var. gracilis (Müll. Arg.) Zahlbr.
DESCRIPTION: Thallus coral-like (coralloid), tufted, green to grey-green, occasionally
browning, <4(-6) cm tall; main branches distinctly larger, <1.2(-1.8) mm wide, smooth, round in
cross section, side branches smaller, irregular, coralloid. Apothecia uncommon, <3 mm wide.
Spores broadly ellipsoid, <12 x <11 μm.
CHEMISTRY: Thallus P-, K-, KC-, C-; medulla P± yellow, K± yellow, KC-, C-, I+ blue
(sphearophorin, ±hypothamnolic, ±squamatic and ±thamnolic acids), the I+ blue reaction is not
always clear with old specimens.
HABITAT: Rocks, soil and bark, in humid environments.
DISTINCTIVE FEATURES: Coralloid appearance, <4(6) cm tall; main branches distinctly
larger (<1.2{-1.8} mm wide) than the secondary ones; apothecia on branch tips, globular, appear
to be bursting out of the cortex; medulla I+ blue.
RANGE: Common to uncommon along the Hudson Bay coast.
COMMENTS: A distinct species in this region, it is the only species from this genus in Ontario.
Two similar species, S. tuckermanii and S. venerabilis, grow along the west coast of North
America.
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Spilonema Bornet
FAMILY: Coccocarpiaceae. PHOTOBIONT: Stigonema (both Ontario species) or
Hypomorpha. DESCRIPTION: Thallus of minute filaments or hair-like branches, growing
along the surface or in erect tufts, richly branched, dark brown to black, slender, <4(-6) mm long,
<0.06(-0.1) mm wide, cortex absent, made-up of chains of cyanobacteria covered in fungal
hyphae. Medulla absent. Isidia absent, knob-like side branches may appear similar. Soredia
absent. Pseudocyphellae absent. Rhizines absent, but the thallus is connected to the substrate
by thread-like hyphae that resemble rhizines at the base of the branches. Apothecia uncommon,
along branches, brown to black, discs convex to rounded, thalline margin absent, <1 mm wide,
sessile. Asci 8-spored, cylindrical. Spores colourless, 1-celled, narrowly ellipsoid. Pycnidia
common, along branches, black, convex, sessile. Conidia colourless, 1-celled, cylindrical with
rounded ends (bacilliform). CHEMISTRY: No known lichen substances. HABITAT: On
moist siliceous rocks, rarely on damp bark or moss. COMMENTS: Possibly under-collected
because of its minute size. Ephebe lanata is similar in appearance and also has Stigonema as its
photobiont, but it has longer branches (<10{-14} cm long) and lacks the thread-like hyphae
attachments near the base. There are two species in Canada, both of which occur in Ontario.
LITERATURE INCLUDES: Henssen 1963, 1981; Jørgensen 2007c; Purvis et al. 1992.

1a. Branches growing in erect tufts; apothecia inconspicuous; rare on the north shore of Lake
Superior....................................................................................................................S. revertens
1b. Branches growing along the substrate in a network forming mats, apothecia conspicuous;
rare, range uncertain..............................................................................................S. paradoxum
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Spilonema revertens Nyl.
VERNACULAR NAME: Rock hairball
DESCRIPTION: Thallus of erect tufted branches or filaments, in cushion-like clusters <1(-1.5)
cm wide and 4(-6) mm tall. Branches <0.06 mm wide, richly branched, dark brown to black,
with thread-like attachment hyphae at the base. Apothecia rare, inconspicuous, along the
branches, embedded, <0.5 mm wide. Spores 7-9 x 3.5 μm. Pycnidia common, wart-like, <0.2
mm wide.
CHEMISTRY: No known lichen substances.
HABITAT: On acidic rocks in moist environments.
RANGE: Rare on the north shore of Lake Superior.
DISTINCTIVE FEATURES: Thallus filamentous, forming cushion-like clusters <1(-1.5) cm
wide and 4(-6) mm tall; the photobiont is Stigonema; thread-like attachment hyphae at the base
of the branches.
COMMENTS: Often associated with Psorula rufonigra. Thermutis velutina is similar in
appearance, but its branches are narrower, it has Scytonema as a photobiont and it lacks the
thread-like hyphae at the base of the branches. S. paradoxum is also similar in appearance, but it
grows along the surface of the substrate in mats instead of in erect cushion-like clusters.
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Stereocaulon Hoffm.
FAMILY: Stereocaulaceae. PHOTOBIONT: Trebouxioid, ±Nostoc, ±Stigonema.
DESCRIPTION: Primary thallus crustose, shades of grey-white, typically disappearing,
persisting in some species, with granular to rounded cortical segments (areolae). Secondary
thallus fruticose, branched stalks (pseudopodetia), erect or growing along the surface, <2.5(-5)
mm wide, <8(-10) cm long, solid, with a cartilage-like central axis, a thin to dense pubescence
(tomentum) present or absent, covered in varied cortical growths (phyllocladia). Phyllocladia
have a foam-like appearance, granular to minutely lobed and overlapping, coral-like or flattened,
shades of grey-white. Medulla white. Isidia absent, but coral-like phyllocladia can appear
similar. Soredia common to absent. Pseudocyphellae absent. Rhizines absent. Cephalodia
common to absent, minute growths (<1{-1.5} mm wide) between the phyllocladia that contain
cyanobacteria (Nostoc or Stigonema). Apothecia common to rare, along the branches or at the
tips (terminal), biatorine, typically shades of brown or less frequently black, disks flat to convex.
Asci wider at one end (clavate) or cylindrical, 8-spored. Spores colourless, 1-13 celled, ellipsoid,
narrowing at both ends (fusiform) to needle-like (acicular). Pycnidia at the branch tips,
immersed in phyllocladia, exit hole (ostiole) darkening. Conidia straight to curved, cylindrical to
thread-like. CHEMISTRY: Phyllocladia P± orange or pale yellow, K+ yellow, KC± pink
(faint), C- (atranorin, ±stictic, ±lobaric, or ±porphyrilic acid); look for reactions at the edge of the
phyllocladia, they may be faint; for the P reaction use an alcohol solution and wait 1-2 minutes
for the reaction. HABITAT: On soil and rock. COMMENTS: A distinctive genus. There are
thirty one species in Canada, thirteen of which occur in Ontario. Used medicinally in southeast
Asia and as a winter food source by woodland caribou. LITERATURE INCLUDES: Dodge
1929; Lamb 1951, 1977, 1978; Timdal 2002.
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1a. Growing on soil, including small layers of soil over rock.........................................................2
2a. Primary crustose thallus present; stalks 2(-2.5) cm tall; on sandy soil; common in
northeastern Ontario on the uncommon sandy sites, uncommon throughout the boreal
region............................................................................................................S. condensatum
2b. Primary crustose thallus disappearing (absent); stalks 3-8 cm tall.......................................3
3a. Cephalodia conspicuous, dark brown to black, surface rough; upper and lower surface
indistinct; phyllocladia granular, in clusters; common in northern Ontario, rare in
southern Ontario..............................................................................................S. paschale
3b. Cephalodia typically inconspicuous, surface smooth, usually paler, red-brown to bluegrey; upper and lower surface distinct or indistinct; phyllocladia granular or other
otherwise.........................................................................................................................4
4a. Phyllocladia flattened and overlapping, P+ orange (stictic acid) - wait for 1-2
minutes to see the reaction; apothecia common, they appear to be growing along the
branches; upper and lower surface distinct; stalks covered in a dense woolly
pubescence (tomentum) between the phyllocladia; common throughout northern
Ontario, rare in southern Ontario..........................................................S. tomentosum
4b. Phyllocladia P-; apothecia at the branch tips; upper and lower surface distinct
or indistinct; stalks covered in a fine pubescence (tomentum) that is not woolly......5
5a. Stalks growing vertically and horizontally, upper and lower surface usually
distinct or indistinct, <4(-5) cm tall; apothecia rare, not clustered; phyllocladia
granular to flattened and overlapping, finger-like extensions absent; rare on the
north shore of Lake Superior and along the Hudson Bay coast.............S. alpinum
5b. Stalks generally vertical, upper and lower surface indistinct, <8(-10) cm tall;
apothecia uncommon to common, clustered; phyllocladia granular to flattened
with narrow finger-like extensions; cephalodia pale brown; uncommon
throughout northern Ontario...................................................................S. grande
1b. Growing directly on rock...........................................................................................................6
6a. Phyllocladia P+ orange (stictic acid and atranorin), use an alcohol solution on the tips and
wait 1-2 minutes for a reaction, frequently faint...................................................................7
7a. Phyllocladia flattened with soredia on the lower surface and margins; stalks <2.5(-3)
cm long; rare on the north shore of Lake Superior..................................S. spathuliferum
7b. Phyllocladia without soredia; stalks <7(-9) cm long.......................................................8
8a. Surface of stalks with a dense cover of woolly pubescences (tomentum);
phyllocladia flattened and overlapping; common throughout northern Ontario, rare
in southern Ontario..............................................................................S. tomentosum
8b. Surface of stalks usually without tomentum or if present sparse; phyllocladia
elongated and narrow, rounded in cross section, coral-like; uncommon on the
north shore of Lake Superior to the eastern boreal region.............S. dactylophyllum
6b. Phyllocladia P± pale yellow (atranorin, ±lobaric and ±porphyrilic acids)...........................9
9a. Primary crustose thallus persisting; stalks <6(-9) mm long, round soralia at the tips;
rare on the north shore of Lake Superior.........................................................S. pileatum
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9b. Primary crustose thallus disappearing; stalks without soralia, >15 mm long…...........10
10a. Phyllocladia with porphyrilic acid, grain-like, <0.2-0.3 mm wide, often small
enough to resemble soredia, dense, appearing cauliflower-like near the tips;
primary thallus disappearing; rare on the north and eastern shore of Lake Superior.
………………………………………………………………….............S. botryosum
10b. Phyllocladia with lobaric acid, >0.3 mm wide coral-like to granular or flattened..11
11a. Stalks <2.5 cm tall; phyllocladia narrow and elongated, coral-like; rare..............
………………………………………........................................S. subcoralloides
11b. Stalks 1-10 cm tall; phyllocladia granular or flattened......................................12
12a. Stalks <3(-4) cm tall, without woolly pubescences (tomentum); phyllocladia granular to minute over-lapping lobes; branches <1 mm wide with a
wood-like appearance; rare on the Bruce Peninsula.................S. glaucescens
12b. Stalks 3-8 cm tall, with tomentum...............................................................13
13a. Stalks growing horizontally with a clear upper and lower surface;
phyllocladia flattened and overlapping, completely covering the upper
surface of the stalks; common throughout Ontario...................S. saxatile
13b. Stalks mostly vertical; phyllocladia granular, rarely slightly flattened;
upper and lower surface indistinct or subtle..........................................14
14a. Phyllocladia granular, in clusters; cephalodia dark brown to black,
surface rough; common in northern Ontario, rare in southern
Ontario................................................................................S. paschale
14b. Phyllocladia granular to flattened and overlapping, with narrow
finger-like extensions; cephalodia pale brown; rare on rock;
uncommon throughout northern Ontario.............................S. grande
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Stereocaulon alpinum Laurer ex Funck
VERNACULAR NAME: Alpine soil foam
DESCRIPTION: Primary thallus disappearing (absent). Secondary thallus stalked, growing
vertically and horizontally, branched, <4(-5) cm long or tall, <1(-1.5) mm wide, often with a
distinct upper and lower surface, covered in a thin pubescence (tomentum) that is pinkish on new
growth to white-grey on older areas – best seen on the lower surface. Phyllocladia flat,
overlapping, dense on the upper surface, white-grey. Cephalodia common, inconspicuous, with
Nostoc, brown to blue-grey, on the lower surface. Soredia absent. Apothecia uncommon, on the
tips of the stalks, dark brown, not in clusters.
CHEMISTRY: Phyllocladia P± pale yellow, K+ yellow, KC+ pale pink, C- (atranorin and
lobaric acid).
HABITAT: On sandy soil or gravel, often associated with moss, in arctic and alpine
environments.
DISTINCTIVE FEATURES: Phyllocladia flat, overlapping, dense on the upper surface, P±
pale yellow, lacking finger-like extensions; stalks often with a distinct upper and lower surface,
growing vertically and horizontally, with pink tomentum on new growth; apothecia uncommon.
RANGE: Rare, on the north shore of Lake Superior and along the Hudson Bay coast
COMMENTS: S. grande can be similar in appearance, but it has taller stalks (<8{-10} cm) that
do not have distinct upper and lower surfaces, when it has apothecia they are divided or in
clusters, and its phyllocladia have small finger-like extensions. S. saxitile is also similar, but it
has grey-white tomentum throughout and grows on rocks.
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Stereocaulon condensatum Hoffm.
VERNACULAR NAMES: Sandy soil foam (granular soil-foam)
DESCRIPTION: Primary thallus present, granular to warted phyllocladia with dark
cephalodia in between. Secondary thallus stalked, erect, <1.5(-2.5) cm tall, unbranched to
sparsely branched, often absent. Phyllocladia often overlapping, covered in granular to wart-like
growths, white-grey. Cephalodia common, <1 mm, dark brown to black, on the stalks or
between phyllocladia on the substrate, surface rough, with Stigonema. Soredia absent.
Apothecia common, dark brown, <1(-2) mm wide, at the tips of the stalks or on the basal
phyllocladia.
CHEMISTRY: Phyllocladia P± pale yellow, K+ yellow, KC+ pale pink, C- (atranorin and
lobaric acid).
HABITAT: On sandy soil or gravel.
DISTINCTIVE FEATURES: Primary crustose thallus persisting with black cephalodia;
phyllocladia granular to warted; stalks <1.5(-2.5) cm tall, straight to sparsely branched, with
apothecia at the tips.
RANGE: Uncommon throughout the boreal region, likely because sites with exposed sandy soil
are uncommon.
COMMENTS: S. glareosum is a similar North American species that is not known from
Ontario, it contains Nostoc in smooth cephalodia instead of Stigonema in rough ones.
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Stereocaulon grande (H. Magn.) H. Magn.
VERNACULAR NAME: Grand foam lichen
DESCRIPTION: Primary thallus disappearing (absent). Secondary thallus stalked, erect,
branched, <8(-10) cm tall, <1.5(-2) mm wide, upper and lower surface often difficult to
distinguish, covered in a thin to dense pubescence (tomentum) that is pinkish on new growth to
white-grey on older areas. Phyllocladia granular to slightly flattened, narrow and rounded
projections on the margins, white-grey. Cephalodia common, <1(-1.5) mm wide, conspicuous,
pale brown, on the stalks between phyllocladia, with Nostoc or Stigonema. Soredia absent.
Apothecia common, dark brown, at the tips of the stalks, subdivided into smaller separate disks.
CHEMISTRY: Phyllocladia P± pale yellow, K+ yellow, KC+ pale pink, C- (atranorin and
lobaric acid).
HABITAT: On sandy soil, gravel, or rarely on rock.
DISTINCTIVE FEATURES: Primary thallus absent; stalks <8(-10) cm tall; phyllocladia
granular to slightly flattened with finger-like projections on the margins; cephalodia <1(1.5) mm
wide, pale brown.
RANGE: Common to uncommon throughout northern Ontario.
COMMENTS: Other soil inhabiting species that may appear similar are S. tomentosum, which
has different chemistry (P+ orange), a distinct upper and lower surface and apothecia along the
stalks as well as on the tips, and S. paschale, but its cephalodia are black and its phyllocladia are
granular and clustered. S. alpinum is also similar, but it has shorter stalks (<4{-5} cm), often has
distinct upper and lower surfaces, and it lacks finger-like extensions on the phyllocladia.

257

Stereocaulon paschale (L.) Hoffm.
VERNACULAR NAMES: Easter lichen (cottontail foam, common coral)
DESCRIPTION: Primary thallus disappearing (absent). Secondary thallus stalked, erect,
branched, <6(-8) cm tall, <1.5(-2) mm wide, upper and lower surface often difficult to
distinguish, covered in a thin to dense pubescence (tomentum) that is pinkish on new growth to
white-grey on older areas. Phyllocladia granular, clustered, white-grey. Cephalodia common,
<0.8(-1.2) mm wide, conspicuous, dark brown to black, on the stalks between phyllocladia,
usually with Stigonema, rarely Nostoc. Soredia absent. Apothecia common, dark brown, at the
tips of the stalks, can appear to be growing along the stalks.
CHEMISTRY: Phyllocladia P± pale yellow, K+ yellow, KC+ pale pink, C- (atranorin and
lobaric acid).
HABITAT: On sandy soil, gravel, or rock.
DISTINCTIVE FEATURES: Phyllocladia granular and clustered, P± pale yellow; cephalodia
conspicuous, rough, dark brown to black, clustered.
RANGE: Common throughout the boreal region to the Hudson Bay coast.
COMMENTS: A distinctive species. See comments under S. grande.
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Stereocaulon saxatile H. Magn.
VERNACULAR NAME: Rock foam lichen
SYNONYM: S. evolutoides (H. Magn.) Frey
DESCRIPTION: Primary thallus disappearing (absent). Secondary thallus stalked, mostly
horizontal growth, clumps <11(-13) cm across, branched, <6(-8) cm long, <1(-1.5) mm wide,
distinct upper and lower surface, covered in a grey-white pubescence (tomentum) that is thin to
dense. Phyllocladia flat, densely covering the upper surface, grey-white. Cephalodia rare,
inconspicuous, dark brown to black, on the stalks between phyllocladia, usually with Stigonema,
rarely Nostoc. Soredia absent. Apothecia rare, at the tips of the stalks.
CHEMISTRY: Phyllocladia P± pale yellow, K+ yellow, KC+ pale pink, C- (atranorin and
lobaric acid).
HABITAT: On rock, rarely on gravel.
DISTINCTIVE FEATURES: Phyllocladia flat and densely covering the upper surface P± pale
yellow; stalks with a distinct upper and lower surface mostly growing horizontally.
RANGE: Common throughout the boreal region and southern Ontario.
COMMENTS: S. tomentosum can appear similar, it also has flat phyllocladia and stalks with
distinct upper and lower surfaces, but it typically has apothecia along the stalks, it is P+ orange
and has a dense cover of woolly pubescence (tomentum) on the lower surface.
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Stereocaulon tomentosum Fr
VERNACULAR NAMES: Woolly foam lichen (eyed foam)
SYNONYMS: S. myriocarpum Th. Fr., S. saskii Zahlbr.
DESCRIPTION: Primary thallus disappearing (absent). Secondary thallus stalked, vertical
and horizontal growth common, branched, <7(-9) cm long, <1(-1.5) mm wide, distinct upper and
lower surface, covered in a dense woolly pubescence (tomentum) that is grey-white – best seen
on the lower surface. Phyllocladia flat, overlapping, densely covering the upper surface.
Cephalodia inconspicuous, on the lower surface, with Nostoc. Soredia absent. Apothecia
common, shades of red-brown, on the tips of stalks, but small lateral branches give them the
appearance of growing along the stalks.
CHEMISTRY: Phyllocladia P+ orange, K+ yellow, C- (atranorin, stictic and ±norstictic acid).
Look for the P reaction on the edges of the phyllocladia, it is slow to develop (1-2 minutes) and
may be faint.
HABITAT: On soil, gravel, less frequently on rock.
DISTINCTIVE FEATURES: Phyllocladia flat, overlapping, densely covering the upper
surface, P+ orange; stalks with a distinct upper and lower surface, growing vertically and
horizontally, with a dense woolly pubescence (tomentum); apothecia common and appear to be
growing along the stalks.
RANGE: Common throughout central and northern Ontario.
COMMENTS: Rarely with lobaric acid instead of stictic and norstictic acids (P± pale yellow,
K+ yellow, KC+ pale pink, C- ). This chemo-type is referred to as S. sasakii by some
lichenologists. See comments under S. saxatile.
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Synalissa Fr.
FAMILY: Lichinaceae. PHOTOBIONT: Cyanobacteria (Gloeocapsa). DESCRIPTION:
Thallus forming tufts of branches that are erect and horizontal, cushion-like, richly and
irregularly branched , round to oval in cross-section, <3(-5) mm long, <0.4 mm wide, black
when dry, gelatinous and dark red-brown to black when wet, solid, cortex absent. Medulla
absent. Isidia absent. Soredia absent. Pseudocyphellae absent. Rhizines absent. Apothecia
common, at the branch tips, dark red-brown, immersed, exposed by an enlarged pore. Asci 8 or
more spored, cylindrical. Spores colourless, 1-celled, broadly ellipsoid. Pycnidia common, at
the branch tips, immersed. Conidia colourless, 1-celled, cylindrical with rounded ends
(bacilliform). CHEMISTRY: No known lichen substances. HABITAT: On rocks.
COMMENTS: May appear similar to Collema ceraniscum, Leptogium tenuissimum or L.
teretiusculum, but they have Nostoc as their photobiont, which is in chains unlike the single cells
of Gloeocapsa (sometimes they are in clusters of 2-3 cells). One species occurs in Canada.
LITERATURE INCLUDES: Jørgensen 2007d; Schultz 2002a; Schultz & Büdel 2002.
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Synalissa symphorea (Ach.) Nyl.
VERNACULAR NAME: Eyed rockgorgon
SYNONYM: S. ramulosa (Hoffm.) Fr.
DESCRIPTION: Thallus of erect branches in cushion-like clusters <3 mm tall. Branches stout,
tips blunt and swollen, black when dry, gelatinous and dark red-brown to black when wet.
Apothecia common, at the branch tips, <0.5(-0.8) mm wide, discs typically pore-like or rarely
expanding. Pycnidia common, immersed in the branch tips.
CHEMISTRY: No known lichen substances.
HABITAT: On limestone rocks in moist environments, often in crevasses with thin layers of
soil.
RANGE: Rare on the north shore of Lake Superior.
DISTINCTIVE FEATURES: Photobiont is Gloeocapsa (single cells sometimes in clusters of
2-3); thallus in cushion-like tufts <3 mm tall; branches stout with blunt tips; apothecia with porelike discs.
COMMENTS: Collema ceraniscum is most similar in appearance, but it has Nostoc as its
photobiont, which has cells in chains that are smaller (<7{-8} μm long). Gloeocapsa has single
cells (sometimes in clusters of 2-3, but not in chains) that are 10-15 μm long.
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Teloschistes Norman
FAMILY: Teloschistaceae. PHOTOBIONT: Trebouxioid. DESCRIPTION: Thallus tufted,
orange or grey; branches round to flattened in cross section. Isidia absent. Soredia common or
absent, none on our species. Rhizines absent. Apothecia common or absent, dark orange to
yellow-orange, lecanorine, laminal or terminal. Asci wider at one end (clavate), elongated, 8
spored. Spores colourless, 2-celled, polarilocular, ellipsoid. CHEMISTRY: Orange pigmented
cortex and apothecia P-, K+ red-purple, KC-, C- (anthraquinones). HABITAT: Bark, wood, rock
and soil in humid environments. COMMENTS: One species occurs in Canada. The general
shape of the thallus is similar to some species of Ramalina, but the orange pigment is distinctive.
LITERATURE INCLUDES: Kärnefelt 1989; Purvis et al. 1992; Søchting & Frödén 2002.
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Teloschistes chrysophthalmus (L.) Th. Fr.
VERNACULAR NAME: Gold-eye lichen
DESCRIPTION: Thallus tufted, dense rounded brush-like growth form <2(-3.5) cm in
diameter; branches flattened, ridged, <2(-3) mm wide; upper surface orange with occasional grey
areas that lack pigment, lower surface white to grey-white, branch tips with simple (not
branched) cilia. Medulla vertically aligned, loose. Soredia absent. Isidia absent. Rhizines
absent. Pseudocyphellae rare. Apothecia common, orange to yellow-orange, marginal and
terminal, lecanorine, disks flat, <6 mm in diam.; marginal cilia common. Spores <16 x <7 μm.
Pycnidia common in small warts, <0.2 mm wide. Conidia: common, colourless, simple, <4 x
<0.9 μm.
CHEMISTRY: Orange pigmented cortex and apothecia P-, K+ red-purple, KC-, C(anthraquinones).
HABITAT: On sheltered, but exposed branches and bark in humid environments.
DISTINCTIVE FEATURES: Foliose growth form with orange pigments.
RANGE: Rare. Absent from virtually all known historic localities in southern Ontario, except
one population in the southeast along Lake Ontario. This decline is attributed to an increase in air
pollution and a decrease in habitat.
COMMENTS: This striking lichen is unlikely to be confused with any other species. Areas of
the thallus, or rarely the entire thallus, may lack the orange pigment and will be grey, but the
disks of the apothecia will always be orange. The general growth form is similar to some species
of Ramalina, but they are yellow-green and the disks of the apothecia are never orange.
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Thamnolia Ach. ex Schaer.
FAMILY: Icmadophilaceae. PHOTOBIONT: Trebouxioid. DESCRIPTION: Thallus erect or
growing vertically, made up of long cylindrical stalks (pseudopodetia), straight (simple) or
sparingly branched, smooth or slightly rough, white, <5(-8) cm long, <2(-8) mm wide, round and
hollow to flattened and partially solid in cross section, tips narrowing to point. Isidia absent.
Soredia absent. Rhizines absent. Apothecia unknown. Pycnidia unknown. CHEMISTRY:
Cortex P+ orange to red, K+ yellow to orange, KC-, C-, UV- (thamnolic acid) or P+ yellow, K+
pale yellow, KC-, C-, UV+ yellow (baeomycesic and squamatic acids). HABITAT: On soil,
rocks or heath in arctic and alpine environments. COMMENTS: A distinctive genus. There are
two species worldwide, both occur in Ontario. Used as a nesting material by the American
golden plover. LITERATURE INCLUDES: Choisy 1955; Culberson 1963; Kärnefelt & Thell
1995, 1996; Platt & Spatafora 2000; Sato 1963, 1965; Sheard 1977; Thomson 1984.

1a. Cortex P+ orange, K+ bright yellow, KC-, C-, UV- (thamnolic acid), appears dark purple
under UV; not known from Ontario, but may occur along the Hudson Bay coast......................
.............................................................................................................................T. vermicularis
1b. Cortex P+ yellow, K+ pale yellow, KC-, C-, UV+ yellow (baeomycesic and squamatic
acids); common directly along the Hudson Bay coast......................................T. subuliformis
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Thamnolia subuliformis (Ehrh.) W.L. Culb.
VERNACULAR NAME: White worm lichen
SYNONYM: T. vermicularis var. subuliformis (Ehrh.) Schaer.
DESCRIPTION: See the genus description. Morphologically the only two species in this genus
are the same, but chemically they are distinctly different.
CHEMISTRY: Cortex P+ yellow, K+ pale yellow, KC-, C-, UV+ yellow (baeomycesic and
squamatic acids).
HABITAT: On soil, rocks or heath in arctic and alpine environments.
RANGE: Common, directly along the Hudson Bay Coast.
DISTINCTIVE FEATURES: Stalks cylindrical, white, worm-like, K+ pale yellow, UV+
yellow; in arctic or alpine environments.
COMMENTS: Morphologically the same as T. vermicularis, but it differs chemically (K+
bright yellow, UV- {thamnolic acid}). The two species often grow intermixed.
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Usnea Dill. Ex Adans.
FAMILY: Parmeliaceae. PHOTOBIONT: Trebouxioid. DESCRIPTION: Thallus tufted or
pendulous; branches yellow-green or red, round in cross section. Medulla white in all of our
species, pigmented in some others. Isidia common to absent. Soredia common to absent.
Rhizines absent. Apothecia common to rare or unknown, on the sides of the branches (lateral)
or at the tips (terminal), lecanorine, disks flat to concave. Asci wider at one end (clavate),
elongated, 8-spored. Spores colourless, 1-celled, ellipsoid. Pycnidia on the branch tips (apical).
Conidia straight to curved, colourless, cylindrical with rounded ends or narrowing rounded ends.
FEATURES UNIQUE TO THIS GENUS: Base - the first 1-2 mm from the attachment point,
blackened or the same colour as the rest of the branches; Axis - a dense central cord, white or red
to pale red-brown; Papillae - minute bumps on the surface, without medulla, present or absent;
Fibrils - small (1-10(-40) mm long) perpendicular branches, present or absent. CHEMISTRY:
Cortex P-, K-, KC+ dark yellow, C- (usnic acid); medulla contains a wide range of reactions, our
species are described individually (β-orcinal depsides and depsidones); chemical reactions from
spot tests may not be obvious, in such cases thin layer chromatography is required for reliable
identification, but most of our species can be identified using other traits. HABITAT: Bark and
wood, less frequently on rock, generally on exposed substrate. COMMENTS: There are 39
species in Canada, 11 of which occur in Ontario. Distinguished from other yellow-green genera
with similar forms (Alectoria, Evernia and Ramalina) by a dense central cord (axis). The axis
can be seen by stretching a main branch longitudinally, the outer cortex will break up, but the
cord will stretch before breaking. Usnic acid has been known to cause allergic skin reactions, it is
likely one of the causes of „woodcutters eczema‟, but it also has medicinal properties. Species of
Usnea have been collected throughout the world for medicine, perfume, dyes and cosmetics.
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LITERATURE INCLUDES: Asahina 1956; Clerc 1987, 1997, 1998, 2004; Clerc & HerreraCampos 1997; Halonen et al. 1998; Halonen & Puolasmaa 1995; Howe 1909; James 2003;
Keissler 1960; Klingstedt 1965; Motyka 1936-1938; Tavares 1987; Wirtz et al. 2006.

1a. Central axis pink, brown or red-brown......................................................................................2
2a. Central axis red-brown; cortex highly segmented; no soredia; medulla P± orange, K±
yellow (diffractic and/or constictic acid), base (1-2 mm of the thalus) not blackened...........
............................................................................................................................U. trichodea
2b. Central axis pale pink to brown; no cortex on areas of the main branches leaving only
the white medulla visible; soredia present or absent; medulla P-, K-; base blackened.........
.........................................................................................................................U. longissima
1b. Central axis white......................................................................................................................3
3a. Thallus with red pigment - spotty or throughout; tufted, <8(- 15) cm long....U. rubicunda
3b. Thallus without red pigment, yellow-green throughout except for blackened bases...........4
4a. The first 1-2 mm of the thallus from the attachment point is blackened.........................5
5a. Medulla P- and K-.......................................................................................................6
6a. Cortex disappearing on main branches; soredia uncommon; isidia absent; thallus
pendent, <100(-300) cm long; papillae absent..................................U. longissima
6b. Cortex not disappearing; soredia and isidia common; thallus tufted to pendent,
<15(-25) cm long; papillae common............................................U. subfloridana
5b. Medulla P+ orange or red-orange, K± yellow or yellow to red...................................7
7a. Isidia absent; soredia present; tufted, <6(-8) cm long............................U. glabrata
7b. Isidia and soredia present........................................................................................8
8a. Medulla K-, UV + white (squamatic acid) or K+ yellow (thamnolic acid);
tufted to pendent, <15(-25) cm long..........................................U. subfloridana
8b. Medulla K± yellow to red, UV- (±salazinic acid), watch reaction for at least
10 seconds..........................................................................................................9
9a. Main branches often blackening for the first 1-15 mm; medulla K+ yellow
to red; annular cracks (ring-shaped) common; thallus pendent, <60 cm
long..........................................................................................U. filipendula
9b. Main branches not blackening beyond the first 1-2 mm of the base;
medulla K± yellow to red...........................................................................10
10a. Thallus pendent, <55 cm long; annular cracks (ring-shaped) sparse........
................................................................................................U. scabrata
10b. Thallus tufted, <10(-12) cm long........................................U. substerilis
4b. The first 1-2 mm of the thallus from the attachment point not blackened, but the same
colour as the rest of the thallus, yellow-green; medulla P± orange, K± yellow to red.....
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.......................................................................................................................................11
11a. Isidia and soredia absent; thallus pendent, <60(-70) cm long................U. cavernosa
11b. Isidia and/or soredia present....................................................................................12
12a. Soredia absent; isidia present, dense; thallus tufted, <10(-15) cm long................
...................................................................................................................U. hirta
12b. Soredia present; isidia present or absent............................................................13
13a. Soredia present; isidia absent; thallus tufted, <8 cm long..........U. lapponica
13b. Soredia and isidia present............................................................................14
14a. Thallus pendent, <55 cm long.................................................U. scabrata
14b. Thallus tufted , <10(-12) cm long; rare................................U. substerilis
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Usnea cavernosa Tuck.
VERNACULAR NAMES: Pitted beard lichen (pitted old man‟s beard)
SYNONYM: U. cavernosa ssp. sibirica (Räsänen) Mot.
DESCRIPTION: Thallus pendent, yellow-green, <60(-70) cm long; main branches fine,
<0.75(-0.9) mm wide, round in cross section, smooth, pitted. Soredia absent. Isidia absent. Base
similar in colour to the rest of the branches. Axis white. Papillae absent. Fibrils absent.
Apothecia rare.
CHEMISTRY: Cortex P-, K-, KC+ dark yellow, C- (usnic acid); medulla P± orange, K± yellow
to red, C- (±salazinic acid).
HABITAT: On the bark of several tree types and wood, most common on exposed conifers.
DISTINCTIVE FEATURES: Thallus pendent, smooth or pitted (dented), without isidia,
soredia, papillae or fibrils.
RANGE: Common throughout the boreal region to Hudson Bay.
COMMENTS: Similar in appearance to U. trichodea, but it lacks a pitted surface, has more
annular rings, and a red-brown axis. Also similar to Alectoria sarmentosa ssp. sarmentosa,
which has raised and conspicuous pseudocyphellae and lacks a central cord (axis). The central
cord can be thin and challenging to locate, look for it near the base of the thickest branches.
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Usnea filipendula Stirton
VERNACULAR NAME: Fishbone beard lichen
SYNONYM: U. dasypoga (Ach.) Shirley.
DESCRIPTION: Thallus pendent, yellow-green, <60(-70) cm long; branches <1(-1.2) mm
wide, round in cross section. Soredia common, in round soralia (punctiform). Isidia common,
singly or in clusters, may occur in soralia. Base blackened for the first 1-15 mm. Axis white.
Papillae common on main branches. Fibrils common, <10 mm, creating a fishbone appearance.
Apothecia rare.
CHEMISTRY: Cortex P-, K-, KC+ dark yellow, C- (usnic acid); medulla P+ orange, K+ yellow
to red, C- (salazinic acid).
HABITAT: On the bark of several tree types and wood, most common on conifers.
DISTINCTIVE FEATURES: Thallus pendent; base blackened, 1-15 mm; fibrils common, 1-10
mm, creating a fishbone appearance; soralia, isidia and papillae common on the main branches.
RANGE: Common throughout the boreal region, less frequent in the south.
COMMENTS: The blackened base is usually apparent for the first several millimetres, but it
can occasionally be restricted to first 1-2 mm only. In such cases, U. scabrata may appear
similar, if it also has a blacken base, which is uncommon, but the medulla is usually P- and K-,
the fibrils are shorter (<4 mm), and the thallus surface is ridged and dented.
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Usnea hirta (L.) F.H. Wigg.
VERNACULAR NAME: Bristly beard lichen
SYNONYM: U. variolosa Mot.
DESCRIPTION: Thallus tufted, yellow-green, <10(-15) cm long; branches <1(-1.5) mm wide,
ridged and angular in cross section. Soredia absent. Isidia common along branches, dense. Base
similar in colour to the rest of the branches. Axis white. Papillae absent. Fibrils common,
forming from isidia. Apothecia rare.
CHEMISTRY: Cortex P-, K-, KC+ dark yellow, C- (usnic acid); medulla P± orange, K± yellow
to red, C- (±norstictic acid).
HABITAT: On the bark or wood of a variety of tree types, occasionally on rock.
DISTINCTIVE FEATURES: Thallus tufted; branches ridged and angular in cross section;
soredia absent; isidia dense, becoming fibrils.
RANGE: Common throughout Ontario.
COMMENTS: Distinctive in Ontario, the only Usnea species with dense isidia and no soredia.
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Usnea longissima Ach.
VERNACULAR NAMES: Methuselah‟s beard lichen (long beard lichen)
SYNONYMS: U. longissima Ach. var. corticata R.Howe, U. longissima Ach. var. perciliata
Mot.
DESCRIPTION: Thallus pendent, yellow-green, <100(-300) cm long; branches fine, <0.4(-0.6)
mm wide, round in cross section, the cortex on the main branches is often breaking up and
disintegrating showing the white medulla. Soredia uncommon on side branches. Isidia absent.
Base blackened. Axis thick, >0.6x the branch width, white or pink to red-brown. Papillae
absent. Fibrils common, uniquely long, <4 cm. Apothecia rare.
CHEMISTRY: Cortex P-, K-, KC+ dark yellow, C- (usnic acid); medulla P-, K-, KC-, C- or
less commonly P+ yellow or orange, K+ yellow or orange, C+ yellow (± barbatic, diffrataic,
evernic , and salazinic acids, or other β-orcinal depsides).
HABITAT: On the bark of several tree types in mature humid forests.
DISTINCTIVE FEATURES: Thallus pendent, <150 (-300) cm long; main branches with a
disintegrating cortex and covered in long (<4 cm) fibrils.
RANGE: Uncommon, north shore of Lake Superior and Georgian Bay to the Québec border.
COMMENTS: A distinctive species. Threatened globally and locally due to habitat loss and air
pollution. One of the lichens most sensitive to air pollution, so take a deep breath if you find it.
Has been used for many purposes including: diapers, feminine hygiene, bedding, straightening
hair, and was likely the first Christmas tree tinsel. It grows longest in humid old forests along the
coast of the pacific north west, apparently reaching lengths up to 10 m.
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Usnea rubicunda Stirton
VERNACULAR NAME: Red beard lichen
SYNONYM: U. pensylvanica Mot.
DESCRIPTION: Thallus tufted, <8(-15) cm long, red to green to yellow-green, red pigment
may be spotty or throughout; branches <1.3(-1.8) mm wide, round in cross section. Soredia
common, in soralia <50% of the branch width. Isidia common, growing out of soralia. Base
similar in colour to the rest of the branches. Axis white. Papillae common on main branches.
Fibrils common. Apothecia rare.
CHEMISTRY: Cortex P-, K-, KC+ dark yellow, C- (usnic acid); medulla P+ orange, K+
yellow, KC-, C- (stictic acid group) or P+ orange, K+ yellow to red, C- (salazinic acid).
HABITAT: On the bark of several tree types and wood.
DISTINCTIVE FEATURES: Thallus tufted with a red pigment; papillae frequent and
conspicuous on the main branches.
RANGE: Rare, known from a single location in the southeast.
COMMENTS: A distinct species due to the red pigment. Other species that are unhealthy or
have dying branches may start to turn a reddish colour, but the red pigment of U. rubicunda can
be seen throughout the cortex when cut, and its chemistry, combined with other traits, will also
clinch the identification.
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Usnea subfloridana Stirton
VERNACULAR NAMES: Common beard lichen (nit bears)
SYNONYMS: U. comosa (L.) Vain. non Pers., U. similis (Mot.) Räsänen
DESCRIPTION: Thallus tufted to pendent, yellow-green, <15(-25) cm long; main branches
fine, <1.5(-2) mm wide, round in cross section. Soredia common, in roundish soralia. Isidia
common, typically growing from soralia. Base blackened. Axis white. Papillae common. Fibrils
common to uncommon. Apothecia rare.
CHEMISTRY: Cortex P-, K-, KC+ dark yellow, C- (usnic acid); medulla usually P-, K-, KC-,
C-, UV+ white (squamatic acid) or less frequently P+ orange, K+ yellow, C- (thamnolic acid).
HABITAT: On the bark of several tree types and wood.
DISTINCTIVE FEATURES: Thallus tufted; base blackened; isidia growing out of soralia;
papillae and fibrils common; medulla typically P-, K-, KC-, C-, UV+ white (squamatic acid).
RANGE: Common in the boreal region, less frequent in the south.
COMMENTS: May appear similar to younger, less pendent, specimens of U. filipendula or U.
scabrata, but its chemistry easily distinguishes it.

275

Literature Cited

Ahti, T. 1961. Taxonomic studies on reindeer lichens (Cladonia subgenus Cladina). Annales
Botanici Societatis Zoologicae Botanicae Fennicae ‘Vanamo’ 32: 1-160.
Ahti, T. 1962. Notes on the lichen Cladonia Pseudorangiformis Asahina. Annales Botanici
Societatis Zoologicae Botanicae Fennicae ‘Vanamo’ 17: 38-41.
Ahti, T. 1964. Macrolichens and their zonal distribution in boreal and arctic Ontario, Canada.
Annales Botanici Fennici 1: 1-35.
Ahti, T. 1966a. Correlation of the chemical and morphological characters in Cladonia
chlorophaea and allied lichens. Annales Botanici Fennici 3: 380-390.
Ahti, T. 1973. Taxonomic notes on some species of Cladonia, subsect. Unciales. Annales
Botanici Fennici 10: 163-184.
Ahti, T. 1980a. Taxonomic revision of Cladonia gracilis and its allies. Annales Botanici Fennici
17: 195-243.
Ahti, T. 1980b. Nomenclatural notes on Cladonia species. Lichenologist 12: 125-133.
Ahti, T. 1984. The status of Cladina as a genus segregated from Cladonia. Nova Hedwigia 79:
25-61.
Ahti, T. 1993. Names in current use in the Cladoniaceae (lichen-forming ascomycetes), in the
ranks of genus to variety. Regnum Vegetabile 128: 58-106.
Ahti, T. 1998. A revision of Cladonia stricta. Folia Cryptogamica Estonica 32: 5-8.
Ahti, T. 2000. Cladoniaceae. Flora Neotropica monographs 78: 1-362.
Ahti T. and R.L. Hepburn. 1967. Preliminary studies on woodland caribou range,
especially on lichen stands, in Ontario. Ontario Department of Lands and Forests,
Research Report No. 74. 134 pp.
276

Ahti, T. and I.M. Brodo. 1981. Cladonia labradorica sp. nov., and C. kanewskii in
Canada. The Bryologist 84:238-241.
Ahti, T. and S. Hyvönen. 1985. Cladina stygia, a common, overlooked species of reindeer
lichen. Annales Botanici Fennici 22: 223-229.
Asahina, Y. 1956. Lichens of Japan. Vol. III. Genus Usnea. Research Institute for Natural
Resources, Shin-juku, Tokyo. 129 pp.
Bigelow, H.E. 1970. Omphalina in North America. Mycologia 62: 1-32.
Bird, C.D. 1974. Studies of the lichen genus Evernia in North America. Canadian Journal of
Botany 52: 2427-2434.
Boudreault, C., Y. Bergeron, S. Gauthier, and P. Drapeau. 2002. Bryophyte and lichen
communities in mature to old-growth stands in eastern boreal forests of Canada.
Canadian Journal of Forest Research 32: 1080-1093.
Bowler, P.A. 1972. The distribution of four chemical races of Cladonia chlorophaea in North
America. The Bryologist 75: 350-354.
Bowler, P.A. 1977. Ramalina thrausta in North America. The Bryologist 80: 529-532.
Bowler, P.A. and P.A. Rundel. 1977. The Ramalina intermedia complex in North America. The
Bryologist 80: 617-623.
Bowler, P.A. and P.A. Rundel. 1978. The Ramalina farinacea complex in North America:
chemical, ecological, and morphological variation. The Bryologist 81: 386-403.
Brummitt, R.K. and Powell, C.E. (eds.). 1996. Authors of Plant Names. Royal Botanical
Gardens, Kew, Great Britain. 732 pp.
Brodo, I.M. 1988. Lichens of the Ottawa Region, 2nd Ed. The Ottawa Field Naturalists‟
Club and The National Museum of Natural Sciences, Ottawa, Canada. 116 pp.

277

Brodo, I.M. and V. Alstrup. 1981. The lichen Bryoria subdivergens (Dahl) Brodo and D.
Hawksw. in Greenland and North America. The Bryologist 84: 229-235.
Brodo, I.M. and D.L. Hawksworth. 1977. Alectoria and allied genera in North America. Opera
Botanica 42: 1-164.
Brodo, I.M., S.D. Sharnoff and S. Sharnoff. 2001. Lichens of North America. Yale University
Press, New Haven, Connecticut. 795 pp.
Choisy, M. 1955. Sur le Thamnolia vermicularis et la systematique de ce genre. Bulletin mensuel
de la Société Linnéenne de Lyon 10: 245-266.
Clerc, P. 1987. On the morphology of soralia in the genus Usnea. Bibliotheca Lichenologica
25: 99-107.
Clerc, P. 1997. Notes on the genus Usnea Dill. ex Adanson. Lichenologist 29: 209-215.
Clerc, P. 1998. Species concepts in the genus Usnea (lichenized ascomycetes). Lichenologist
30: 321-340.
Clerc, P. 2004. Notes on the genus Usnea Adanson. II. Bibliotheca Lichenologica 88: 79-90.
Clerc, P., and M.A. Herrera-Campos. 1997. Saxicolous species of Usnea subgenus Usnea
(lichenized Ascomycetes) in North America. The Bryologist 100: 281-301.
Crowe, J. 1994. The lichens of the Thunder Bay distinct Ontario, Canada. Evansia 11: 62-75.
Culberson, C.F. 1963. The lichen substances of the genus Evernia. Phytochemistry 2: 335-340.
Culberson, C.F. 1972. Improved conditions and new data for the identification of lichen products
by a thin-layer chromatographic method. Journal of Chromatography 72: 113-125.
Culberson, C.F. and H.-D. Kristinsson. 1969. Studies on the Cladonia chlorophaea group: a new
species, a new meta-depside, and the identity of “novochlorophaeic acid.” The Bryologist
72 : 431-443.

278

Culberson, C.F. and H.-D. Kristinsson. 1970. A standardized method for the identification of
lichen products. Journal of Chromatography 46: 85-93.
Culberson, W.L. 1963. The lichen genus Thamnolia. Brittonia 15: 140-144.
Culberson, W.L. 1965. Cetraria chicitae, a new and widely distributed lichen species. The
Bryologist 68: 95-99.
Culberson, W.L. 1966. Chemistry and taxonomy of the lichen genera Heterodermia and
Anaptychia in the Carolinas. The Bryologist 69: 472-487.
Culberson, W.L. 1969. The chemistry and systematics of some species of the Cladonia cariosa
group in North America. The Bryologist 72: 377-386.
Culberson, W.L. and C.F. Culberson. 1968. The lichen genera Cetrelia and Platismatia
(Parmeliaceae). Contributions from the U.S. National Herbarium 34: 449-558.
Culberson, W.L. and C.F. Culberson. 1978. Cetrelia cetrarioides and C. monachorum
(Parmeliaceae) in the New World. The Bryologist 81: 517-523.
DePriest, P.T., M. Piercey-Normore, M. Sikaroodi, K. Kärkkäinen, I. Oksanen, R. Yahr and T.
Ahti. 2000. Phylogenetic relationships among sections of Cladonia and Cladina. Abstract
213, Fourth International Association of Lichenology Meeting, Barcelona, Spain.
Dodge, C.W. 1929. A synopsis of Stereocaulon with notes on some exotic species. Annales de
Cryptogamie Exotique 2: 93-153.
DuRietz, G.E. 1926. Vorarbeiten zu einer “Synopsis Lichenum.” 1. Die Gattungen Alectoria,
Oropogon und Cornicularia. Arkiv För Botanik 20a: 1-43.
Esslinger, T.L. 1994b. On the chemistry and distribution of Cladonia petrophila. Mycotaxon 51:
101-105.

279

Esslinger, T.L. 2007. A Synopsis of the North American Species of Anaptychia (Physciaceae),
The Bryologist 110: 788-797.
Esslinger, T.L. 2011. A cumulative checklist for the lichen-forming, lichenicolous and allied
fungi of the continental United States and Canada. North Dakota State University:
http://www.ndsu.edu/pubweb/~esslinge/chcklst/chcklst7.htm (First Posted 1 December
1997, Most Recent Version (#17) 16 May 2011), Fargo, North Dakota.
Evans, A.W. 1952. Cladonia ecmocyna in North America. Rhodora 54: 261-271.
Feuerer, T. and D.L. Hawksworth 2007. Biodiversity of lichens, including a worldwide analysis
of checklist data based on Takhtajan's floristic regions. Biodiversity and Conservation
16: 85-98
Fink, B. 1935. The Lichen Flora of the United States. University of Michigan Press, Ann Arbor,
Michigan. 424 pp.
Gierl, C. and K. Kalb. 1993. Die Flechtengattung Dibaeis. Eine Übersicht über die rosafrüchten
Arten von Baeomyces sens. lat. nebst Anmerkungen zu Phyllobaeis gen. nov. Herzogia 9:
593-645.
Hale, M.E., Jr. 1968. A synopsis of the lichen genus Pseudevernia. The Bryologist 71:1-11.
Hale, M.E., Jr. 1979. How to Know the Lichens, 2nd Ed. Wm. C. Brown Company, New
York, USA. 246 pp.
Hale, M.E., Jr. 1978. A new species of Ramalina from North America (Lichenes: Ramalinaceae)
The Bryologist 81: 599-602.
Halonen, P., P. Clerc, T. Goward, I.M. Brodo and K. Wulff. 1998. Synopsis of the genus Usnea
(Lichenized Ascomycetes) in British Columbia, Canada. The Bryologist 101: 36-60.

280

Halonen, P., L. Myllys, S. Velmala and H. Hyvärinen. 2009. Gowardia (Parmeliaceae)-a new
alectorioid lichen genus with two species. The Bryologist 112: 138-146.
Halonen, P. and A. Puolasmaa. 1995. The lichen genus Usnea in eastern Fennoscandia. I. Usnea
hirta. Annales Botanici Fennici 32: 127-135.
Harris, R.C. 1992. Cladonia petrophila, a new species from eastern North America. Brittonia
44: 325-330.
Henssen, A. 1963. Eine Revision der Flechtenfamilien Lichinaceae und Ephebaceae. Symbolae
Botanicae Upsalienses 18: 1-123.
Henssen, A. 1981. Hyphomorpha als Phycobiont in Flechten. Plant Systematics and Evolution
137: 139-143.
Hillmann, J. 1935. Parmeliaceae. Rabenhorst’s Kryptogamen-Flora 9: 1-309.
Hillmann, J. 1935. Teloschistaceae. Rabenhorst’s Kryptogamen-Flora 9: 1-36.
Högnabba, F. and M. Wedin. 2003. Molecular phylogeny of the Sphaerophorus globosus species
complex. Cladistics 19: 224-232.
Holien, H. and T. Tønsberg. 1985. Notes on Cladonia asahinae, C. conista and the C. grayigroup in Norway. Gunneria 51: 1-26.
Howe, R.H., Jr. 1909. Preliminary notes on the genus Usnea, as represented in New England.
Bulletin of the Torrey Botanical Club 36: 309-327.
Howe, R.H., Jr. 1911a. American species of Alectoria occurring north of the fifteenth parallel.
Mycologia 3: 106-150.
Howe, R.H., Jr. 1911b. The genus Evernia as represented in North and Middle America.
Botanical Gazette 51: 431-442.

281

Howe, R.H., Jr. 1913-1914. North American species of the genus Ramalina. Bryologist 16: 6574, 81-89. 17: 1-7, 17-27, 33-40, 49-55, 65-69, 81-87.
Huovinen, K. and T. Ahti. 1986. The composition and contents of aromatic lichen substances in
the genus Cladina. Annales Botanici Fennici 23: 93-106.
Jahns, H.M. 1970. Remarks on the taxonomy of the European and North American species of
Pilophorus. Lichenologist 4: 199-213.
Jahns, H.M. 1981. The genus Pilophorus. Mycotaxon 13: 289-330.
James, P.W. 2003. Aide Mémoire: Usnea. British Lichen Society, London. 32 pp.
Jørgensen, P.M. 1975. Contributions to a monograph of the mallotium-hairy Leptogium species.
Herzogia 3: 433-460.
Jørgensen, P.M. 1994. Further notes on European taxa of the lichen genus Leptogium, with
emphasis on the small species. The Lichenologist 26: 1-29.
Jørgensen, P.M. 1997. Further notes on hairy Leptogium species. Symbolae Botanicae
Upsalienses 20: 1-215.
Jørgensen, P.M. 2007a. Ephebe. Nordic Lichen Flora 3: 51-53.
Jørgensen, P.M. 2007b. Leptogium. Nordic Lichen Flora 3: 31-42.
Jørgensen, P.M. 2007c. Spilonema. Nordic Lichen Flora 3: 12-13.
Jørgensen, P.M. 2007d. Synalissa. Nordic Lichen Flora 3: 71-72.
Jørgensen, P.M. and P.W. James. 1983. Studies on some Leptogium species of western Europe.
The Lichenologist 15:109-125.
Kärnefelt, I. 1979. The brown fruticose species of Cetraria. Opera Botanica 46: 1-150.
Kärnefelt, I. 1986. The genera Bryocaulon, Coelocaulon and Cornicularia and formerly
associated taxa. Opera Botanica 86: 1-90.

282

Kärnefelt, I. 1989. Morphology and phylogeny in the Teloschistales. Cryptogamic Botany
1: 147-203.
Kärnefelt, I. and A. Thell. 1995. Genotypical variation and reproduction in natural populations of
Thamnolia. Bibliotheca Lichenologica 58: 213-234.
Kärnefelt, I. and A. Thell. 1996. A new classification for the Dactylina/Dufourea complex. Nova
Hedwigia 62: 487-511.
Kärnefelt, I., J.-E. Mattsson and A. Thell. 1993. The lichen genera Arctocetraria, Cetraria, and
Cetrariella (Parmeliaceae) and their presumed evolutionary affinities. The Bryologist 96:
394-404.
Keissler, K. 1938. Pyrenulaceae bis Mycoporaceae, Coniocarpinae. Rabenhorst’s KryptogamenFlora 9: 1-846.
Keissler, K. 1960. Usneaceae. Rabenhorst’s Kryptogamen-Flora 9: 1-755.
Klingstedt, F.W. 1965. Über Farbenreaktionen von Flechten der Gattung Usnea. Acta botanica
Fennica 68: 3-23.
Kristinsson, H.-D. 1971. Morphological and chemical correlations in the Cladonia cariosa group
in North America. The Bryologist 74: 13-17.
Krog, H. 1974. Taxonomic studies in the Hypogymnia intestiniformis complex. Lichenologist 6:
135-140.
Krog, H. 1980. On Bryoria chalybeiformis and some related species. Lichenologist 12: 243-245.
Krog, H. and P.W. James. 1977. The genus Ramalina in Fennoscania and the British Isles.
Norwegian Journal of Botany 25: 15-43.
Kurokawa, S. 1962. A monograph of the genus Anaptychia. Beihefte Nova Hedwigia 6: 1-115.

283

Kurokawa, S. 1973. Supplementary notes on the genus Anaptychia. Journal of the Hattori
Botanical Laboratory 37: 563-607.
LaGreca, S. 1999. A phylogenetic evaluation of the Ramalina americana chemotype complex
(Lichenized Ascomycota, Ramalinaceae) based on rDNA ITS sequence data. The
Bryologist 102: 602–618.
Lamb, I.M. 1951. On the morphology, phylogeny and taxonomy of the lichen genus
Stereocaulon. Canadian Journal of Botany 29: 522-584.
Lamb, I.M. 1977. A conspectus of the lichen genus Stereocaulon (Schreb.) Hoffm. Journal of the
Hattori Botanical Laboratory 43: 191-355.
Lamb, I.M. 1978. Keys to the species of the lichen genus Stereocaulon (Schreb.) Hoffm. Journal
of the Hattori Botanical Laboratory 44: 209-250.
Lendemer, J.C. 2008. Studies in lichens and lichenicolous fungi: notes on some taxa from eastern
North America. Mycotaxon 104: 325-329.
Lendemer, J.C. 2009. A synopsis of the lichen genus Heterodermia (Physciaceae, lichenized
Ascomycota) in eastern North America. Opuscula Philolichenum, 6: 1-36.
Lücking, R., Prado, R. del, Lumbsch, H. Th., Will-Wolf, S., Sipman, H. J. M., Umaña, L. and
Chaves, J. L. 2008: Phylogenetic patterns of morphological and chemical characters and
reproductive mode in the Heterodermia obscurata group in Costa Rica (Ascomycota,
Physciaceae). Systematics and Biodiversity 6 (1): 31-41.
Lynge, B. 1933. On Dufourea and Dactylina, three Arctic lichens. Skrifter om Svalbard og
Ishavet (Oslo) 59: 1-62.
Macoun, J. 1902. Catalogue of Canadian Plants. Part VII. Lichens and Hepaticae. Government
Printing Bureau, Ottawa, Canada. 318 pp.

284

Matthes, U., B. D. Ryan and D.W. Larson. 2000. Community Structure of Epilithic Lichens on
the Cliffs of the Niagara Escarpment, Ontario, Canada. Plant Ecology 148: 233-244.
McCune, B., T. Ahti and C.M. Duncan. 2006. Hypogymnia incurvoides (Parmeliaceae), a littleknown Russian species discovered in eastern North America. The Bryologist 109: 80-84.
McCune, B. and R. Rosentreter. 1993. Improved spot tests for Bryoria. Evansia 10: 58-61.
Moberg, R. 1980. Anaptychia-Ulotrichoides new to North America. The Bryologist 83: 251-252.
Moberg, R. and T.H. Nash III. 1999. The genus Heterodermia in the Sonoran Desert area. The
Bryologist 102: 1-14.
Moberg, R. and T.H. Nash III. 2002. Heterodermia (pp. 207-219) In: Nash III, T.H.; Ryan, B.D.;
Gries, C. and Bungartz, F. (eds.), Lichen Flora of the Greater Sonoran Desert Region, Vol.
1. Lichens Unlimited, Arizona State University, Tempe, Arizona, 532 pages.
Motyka, J. 1936-1938. Lichenum generis Usnea studium monographicum, Pars Systematica.
Published by the author, Leopoli, 651 pp.
Motyka, J. 1964. The North American species of Alectoria. The Bryologist 67: 1-44.
Newmaster, S.G., A. Lehela, M.J. Oldham, P.W.C. Uhlig and S. McMuray. 1998. Ontario Plant
List. Ontario Forest Research Institute, Sault Ste. Marie, Ontario, Forest Research
Information Paper No. 123. 650 pp.
Nuno, M. 1964. Chemism of Parmelia subgenus Hypogymnia Nyl. Journal of Japanese Botany
39: 97-103.
Nylander, W. 1870. Recognito monographica Ramalinarum. Bulletin de la Société Linnéene de
Normandie 2: 101-181.
Ohlsson, K. 1973. A revision of the lichen genus Sphaerophorus. Ph.D. Thesis. Michigan State
University. 270 pp.

285

Petersen, R.H. 1967. Notes on clavarioid fungi VII. Redefinition of the Clavaria vernalis - C.
mucida complex. American Midland Naturalist 77: 205-221.
Platt, J.L. and J.W. Spatafora. 2000. Evolutionary relationships of nonsexual lichenized fungi:
molecular phylogenetic hypotheses for the genera Siphula and Thamnolia from SSU and
LSU rDNA, Mycologia 92: 475-487.
Poelt, J. 1965. Zur Systematik der Flechtenfamilie Physciaceae. Nova Hedwigia 9: 21-32.
Purvis, O.W., B.J. Coppins, D.L. Hawksworth, P.W. James and D.M. Moore. 1992. The lichen
flora of Great Britain and Ireland. Natural History Museum, London, U.K. 710 pp.
Rambold, G., D. Triebel, and H. Hertel. 1993. Icmadophilaceae, a new family in the Leotiales.
Biblioteca Lichenologica 53: 217-240.
Redhead, S.A. and T.W. Kuyper. 1987. Lichenized agarics, taxonomic and nomenclatural
riddles. In: G.A. Laursen, J.F. Ammirati, and S.A. Redhead. Arctic and alpine mycology
II. Plenum Press, New York. pp. 319-348.
Redhead, S.A. and T.W. Kuyper. 1988. Phytoconis, the correct name for the basidiolichen
Botrydina. Mycotaxon 31: 221-223.
Redhead, S.A., F. Lutzoni, J.-M. Moncalvo and R. Vilgalys. 2002. Phylogeny of agarics: partial
systematics solutions for core omphalinoid genera in the Agaricales (Euagarics).
Mycotaxon 83: 19-57.
Rehm, A. 1971. A chemical study of Sphaerophorus globosus and S. fragilis. The Bryologist 74:
199-202.
Rundel, P.W. and P.A. Bowler. 1976. Ramalina leptocarpha and R. subleptocarpha: a fertilesorediate species pair. The Bryologist 79: 364-369.

286

Ruoss, E. 1987. Chemotaxonomische und morphologische Untersuchungen an den
Rentierflechten Cladonia arbuscula und C. mitis. Botanica Helvetica 97: 239-263
Sato, M. 1963. Mixture ratio of the lichen genus Thamnolia. Nova Hedwigia 5: 149-155.
Sato, M. 1965. Distribution and ecology of the lichen genus Thamnolia. Bulletin Faculty Arts &
Sciences Ibaraki University Natural Sciences 16: 25-35.
Schultz, M. 2002a. Synalissa. In: T.H. Nash III, B.D. Ryan, C. Gries and F. Bungartz (eds.).
Lichen Flora of the Greater Sonoran Desert Region, Vol. 1. Lichens Unlimited, Arizona
State University, Tempe, Arizona. pp. 476-477.
Schultz, M., and B. Büdel. 2002. Key to the genera of the Lichinaceae. Lichenologist 34: 39-62.
Sheard, J.W. 1977. Paleogeography, chemistry, and taxonomy of the lichenized Ascomycetes
Dimelaena and Thamnolia. The Bryologist 80:100-118.
Sierk, H. 1964. The genus Leptogium in North America north of Mexico. The Bryologist 67:
245-317.
Søchting, U., and P. Frödén. 2002. Chemosyndromes in the lichen genus Teloschistes
(Teloschistaceae, Lecanorales). Mycological Progress 1: 257-266.
Stenroos, S. 1989a. Taxonomy of the Cladonia coccifera group. 1. Annales Botanici Fennici 26:
157-168.
Stenroos, S. 1989b. Taxonomy of the Cladonia coccifera group. 2. Annales Botanici Fennici 26:
307-317.
Stenroos, S. 1990. Cladonia luteoalba: an enigmatic Cladonia. Karstenia 30: 27-32.
Stenroos, S., J. Hyvӧnen, L. Myllys, A. Thell and T. Ahti. 2002. Phylogeny of genus Cladonia
s.lat. (Cladoniaceae, Ascomycetes) inferred from molecular, morphological, and chemical
data. Cladistics 18: 237-278.

287

Tavares, I.I. 1987. The taxa of Usnea (Lichenes) described by Michaux from eastern North
America. Mycotaxon 30: 39-68.
Thell, A. 1995. A new position of the Cetraria commixta group in Melanelia (Ascomycotina,
Parmeliaceae). Nova Hedwigia 60: 407-422.
Thell, A., T. Feuerer, I. Kärnefelt, L. Myllys, S. Stenroos. 2004. Monophyletic groups within the
Parmeliaceae identified by ITS rDNA, beta-tubulin and GAPDH sequences. Mycological
Progress 3: 297-314.
Thell, A., F. Högnabba, J.A. Elix, T. Feuerer, I. Kärnefelt, L. Myllys, T. Randlane, A. Saag, S.
Stenroos, T. Ahti and M.R.D. Seaward. 2009. Phylogeny of the cetrarioid core
(Parmeliaceae) based on five genetic markers. Lichenologist 41: 489-511.
Thomson, J.W. 1967a. The lichen genus Baeomyces in North America north of Mexico. The
Bryologist 70: 285-298.
Thomson, J.W. 1967b. The lichen genus Cladonia in North America. University of Toronto
Press, Toronto. 172 pp.
Thomson, J.W. 1984. American Arctic Lichens. 1. The Macrolichens. Columbia University
Press, New York. 504 pp.
Thomson, J.W. 1997. American Arctic Lichens. 2. The Microlichens. The University of
Wisconsin Press, Madison. 675 pp.
Thomson, J.W. and C.D. Bird. 1978. The lichen genus Dactylina in North America. Canadian
Journal of Botany 56: 1602-1624.
Tibell, L. 1975. The Caliciales of boreal North America. Symbolae Botanicae Upsalienses 21:
1-128.
Tibell, L. 1984. A reappraisal of the taxonomy of Caliciales. Nova Hedwigia 79: 597-713.

288

Timdal, E. 2002. Stereocaulon cumulatum comb. nov., another crustose species in the genus.
Lichenologist 34: 7-11.
Tønsberg, T. and T. Goward. 1992. Cladonia norvegica new to North America. Evansia 9: 5658.
Walewski, J. 2007. Lichens of the North Woods. Kollath and Stensaas Publishing. Duluth,
Minnesota. 152 pp.
Wedin, M. 1993. A phylogenetic analysis of the lichen family Sphaerophoraceae (Caliciales); a
new generic classification and notes on character evolution. Plant Systematics and
Evolution 187:213-241.
Wedin, M., H. Döring and S. Ekman. 2000. Molecular phylogeny of the lichen families
Cladoniaceae, Sphaerophoraceae, and Stereocaulaceae (Lecanorales, Ascomycotina).
Lichenologist 32: 171-187.
Wetherbee, R. 1969. Population studies in the chemical species of the Cladonia chlorophaea
group. The Michigan Botanist 8: 170-174.
Wirtz, N., C. Printzen, L.G. Sancho and H.T. Lumbsch. 2006. The phylogeny and classification
of Neuropogon and Usnea (Parmeliaceae, Ascomycota) revisited. Taxon 55: 367-376
Wong, P.K. and I.M. Brodo. 1992. The Lichens of Southern Ontario, Canada. Canadian Museum
of Nature, Syllogeus No. 69, Ottawa, Canada. 79 pp.
Wylie, M.E. 1977. The lichen genus Ramalina (Ramalinaceae) in Alberta, Saskatchewan, and
Manitoba. PhD Thesis, University of Calgary, Calgary, Alberta. 655 pp.
Yoshimura, I. 1968. Lichenological notes 1. Some species of Cladonia with taxanomic
problems. Journal of the Hattori Botanical Laboratory 31: 198-204.

289

Glossary
Adnate: Growing closely attached to the substrate.
AI: A reagent of buffered iodine used in spot tests to detect stictic acid. 1.5ml Lugol‟s
solution mixed with 18.5ml pH 11 buffer.
Alga (pl. algae): Also know as green algae. A photosynthetic (containing chlorophyll)
eukaryote (containing nuclei and chloroplasts) in the kingdom Protoctista. The most
common photobiont in lichens. See Asterochloris, Coccomyxa, Chlorococcales,
Chlorococcoid, Elliptochloris, Myrmecia, Trebouxia, and Trebouxioid
Amphithecium (pl. amphithecia): An extension of the thallus which surrounds the exciple to
form the outer rim of the apothecium. Usually containing the photobiont and resembling
the thallus in appearance. Occasionally referred to as the thalline margin or thalline
exciple.
Anisotomic: Branching unequally to form a large main branch and smaller side branches.
Compare with isotomic.
Annular: Having the shape of a ring.
Apex (pl. apices): Tip or summit.
Apical: Situated at the tip (apex).
Apothecium (pl. apothecia): Reproductive structures where fungal spores are produced.
Biatorine – pale margins (not carbonized or black) without photobiont cells and
usually similar in colour to the disk
Gyrose – folded, brain-like, into concentric ridges and valleys
Lecanorine – margins the same colour as the thallus and usually a different colour
than the disk, margins contain photobiont cells
Lecideine – margins black (carbonized) and do not contain photobiont cells,
margins and disks are usually the same colour
Stalked – spores produced in cups at the tips of stalks
Appressed: Pressed closely against.
Areolate: Broken by cracks or depressions into separate segments known as areolae.
Areole (pl. areolae): An irregularly shaped segment of thallus arising from the hypothallus and
separated from other segments by cracks or depressions.
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Ascocarp: See ascoma.
Ascoma (pl. ascomata): The asci-bearing fruiting body of Ascomycota.
Ascomycetes: See ascomycota.
Ascomycota (or Ascomycotina, Ascomycetes): A phylum of fungi characterized by the
production of sexual spores within sac-like structures called asci. Lichenized
ascomycetes make up the majority of all lichen species.
Ascospore: A spore formed within an ascus.
Ascus (pl. asci): A sac-like cell, exclusive to Ascomycota, in which ascospores are
sexually produced.
Asterochloris: A genus of spherical, single-celled green algae. Closely related to, and
resembling, Trebouxia.
Axil: The acute angle at the fork of a branch and stem.
Axis: Main stem or longitudinl support.
Bacillar: Stick- or rod-shaped with rounded ends, usually three times as long as wide.
Bacilliform: See bacillar.
Basidioma (pl. basidiomata): The basidium-bearing fruiting body of basidiomycota.
Basidiomycetes: See basidiomycota.
Basidiomycota (or Basidiomycotina, Basidiomycetes): A phylum of fungi characterized by the
production of sexual spores on club-like structures called basidium. Only two genera
occur in Ontario, Lichenomphalia and Multiclavata.
Basidiospore: A spore formed on the tip of a basidium.
Basidium (pl. basidia): A club-shaped cell, exclusive to Basidiomycota, from which
basidiospores are sexually produced
Biatorine: See apothecium.
Bifusiform: A fusiform shape with a minor narrowing in the middle.
Blue-green alga: See Cyanobacterium.
Boreal: A northern, circumpolar region with long, cold, dry winters and short, cool, moist
summers. Dominated by conifer trees such as spruce, pine and fir.
Bryophytes: Primitive plants with leaves and stems but lacking vascular tissue; including
mosses, liverworts, and hornworts.
C: A reagent of commercial bleach without additives, or sodium hypochlorite used in spot tests.
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Calcareous: A substrate of chalky, basic rock which contains calcium carbonate; includes
limestone, marble or dolomite.
Capillary: Resembling a hair.
Capitulum (pl. capitula): In the stubble lichens, a globose apothecium formed at the apex of a
slender stock.
Carbonaceous: Coal-like, i.e. black and brittle.
Carbonized: Tissue coloured by black pigment.
Cartilaginous: Tough but pliable, cartilage-like.
Castaneous: Chestnut-coloured; reddish-brown.
Central cord: The strong, cartilaginous thread forming the core of Usnea branches.
Cephalodium (pl. cephalodia): A delimited growth containing cyanobacteria in a lichen which
otherwise has a green algal photobiont. Appearing as an irregular wart, squamule, or
inclusion on the surface of, or within, the thallus.
Chemotype: A member of a species which contains a unique chemistry compared to other
members of the same species.
Chlorococcales: An order of green algae with single, spherical cells.
Chlorococcoid: Green algae resembling the Chlorococcales due to single, spherical cells.
Chlorophyll: The green pigment responsible for trapping the energy of sunlight for use in
photosynthesis; occurs in plants, algae, and bacteria.
Chloroplast: A sub-cellular structure found in photobionts which is the site of
photosynthesis. Appears green due to the presence of chlorophyll.
Chroococcus: A genus of cyanobacteria with large hemi-spherical or irregular cells forming
colonies of 2, 4, or 8 cells grouped together within a thin gelatinous sheath. Compare to
Gloeocapsa.
Ciliate: Fringed with cilia.
Cilium (pl. cilia): A slender hair-like outgrowth of the margin of the thallus or apothecium.
Circumpolar: Of the region encircling the pole.
Clavate: Club-shaped, wider at the distal end.
Coccomyxa: A genus of green algae characterised by small, ellipsoid cells with a single
chloroplast adjacent to the cell wall.
Concave: Curving inward like the inside of a bowl.
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Concolourous: Having the same colour.
Confluent: Running together, joining into one.
Conical: Cone-shaped.
Conidium (pl. conidia): A fungal spore produced asexually in special structures such as
pycnidia; can function as asexual spores, or as male sexual cells.
Conspecific: Of or belonging to the same species.
Continuous: Undivided, unbroken.
Convex: Curving outward like the surface of a sphere.
Coralloid: Coral-like; composed of small, densely branching cylindrical outgrowths.
Cortex (pl. cortices): The protective outermost layer of the thallus; composed of densely
packed fungal hyphae.
Cortical: Of or pertaining to the cortex.
Cortical hair: In some species of Phaeophyscia, a small, transparent hair growing from the
cortical margin of the apothecium or thalline lobes.
Corticate: Having a cortex.
Corticolous: Growing on bark.
Crustose: A crust-like lichen growth form which tightly adheres to its substrate over its entire
lower surface. Lacks a lower cortex and rhizines.
Cyanobacterium (pl. cyanobacteria): A chlorophyll-containing, photosynthetic bacterium.
Some species can act as photobionts, producing lichens which are generally black, dark
grey or dark brown. Also known as a blue-green alga. See Chroococcus, Gloeocapsa,
Nostoc, Scytonema, and Stigonema.
Cyanolichen: A lichen formed from a symbiosis between a fungus and a cyanobacterium.
Cylindrical: Cylinder-shaped.
Cyphella (pl. cyphellae): A cup-shaped depression or pore in the lower (rarely upper) cortex of
the thallus, lined with loosely connected globular cells. Characteristic of the genus Sticta.
Decorticate: Lacking a cortex following its exfoliation or decomposition. Compare with
ecorticate.
Dense: Crowded or closely compacted together.
Dentate: bearing sharply pointed teeth which project straight out from the margin rather than
pointing forward or backward.
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Depside: A group of secondary lichen compounds including gyrophoric, lecanoric, and
squamatic acids and atranorin.
Depsidone: A group of secondary lichen compounds including fumarprotocetraric,
salazinic, stictic, and physodic acids.
Dichotomous: Branching into two roughly equal parts.
Digitate: With radiating divisions resembling the fingers of a hand.
Dimorphic: Occurring in two distinct forms.
Discocarp: See apothecium.
Disk (or disc): The upper surface (i.e. visible portion) of the hymenium which forms the centre
of the apothecium.
Divaricate: Branching at a wide angle.
Dorsal: Facing down or away from the axis.
Dorsiventral: Possessing distinct upper and lower sides.
E- : Prefix meaning “without”.
Ecorticate: Perpetually lacking a cortex. Compare with decorticate.
Ellipsoid: A three-dimensional object with the outline of an ellipse.
Ellipsoidal: Shaped like an ellipsoid.
Elliptical: Having the shape of an a compressed circle; similar to an egg, but symmetrical about
the centre.
Elliptochloris: A genus of green algae characterized by irregularly globular cells measuring 10–
13 μm in diameter with a single, pyrenoid-less, cup-shaped chloroplast.
Endemic: Exclusively occurring in a limited region.
Epihymenium: The upper surface of the hymenium, formed above the asci by the tips of the
paraphyses embedded in a gelatinous substance along with various pigments and
granules.
Epithecium: See epihymenium.
Excavate: Hollowed out.
Exciple: In some apothecia, the dish-shaped structure of sterile hyphal tissue surrounding and
supporting the hymenium. The exciple, sometimes referred to as the proper exciple to
distinguish it from the thalline margin (or amphithecium), consists of nonlichenized
fungal hyphae and immediately surrounds the hymenium.
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Farinose: Like fine flour, powdery (as opposed to granular); usually applied to soredia.
Fibril: A short branch growing perpendicular to the main branch.
Fibrillose: Bearing fibrils.
Filamentose: See filamentous.
Filamentous: A growth form characterized by long, thread-like filaments.
Filiform: Thread-like.
Fissural: Formed by an oval or fusiform slit in the cortex; often applied to soralia and
pseudocyphellae.
Foliicolous: Growing on bark.
Foliose: A leaf-like lichen growth form, which typically has a distinct upper and lower
surface.
Fruiting body: The sexual, spore-producing structure of a lichen. In the Ascomycota this
includes perithecia and apothecia, and in Basidiomycota it includes mushrooms.
Fruticose: A branch-like or bushy lichen growth form, typically without a distinct upper and
lower surface.
Furcate: Forked.
Fusiform: Broadest in the middle and narrowing at both ends; spindle-shaped.
Gelatinous: Rubbery, jelly-like.
Genus: A level of biological classification below family and above species. The genus to
which an organism belongs is indicated by the first word in its two-word Latin
name.
Globose: Spherical or approximately so.
Gloeocapsa: A genus of cyanobacteria closely related to, and resembling, Chroococcus.
Distinguished by the presence of a visible sheath surrounding each individual cell.
Compare to Chroococcus.
Granular: Consisting of grains large enough to be distinguished with a hand lens.
Granulose: See granular.
Green Alga: See alga.
Gyrose: See apothecium.
Habitat: The environment in which an organism lives.
Halo: The transparent, gelatinous outer layer of an ascospore. Best seen using India ink.

295

Halonate: Having a halo.
Hapter: A mass of adhesive hyphae forming a disk-like organ of attachment by which a lichen
affixes itself to a substrate.
Heath: A large open area dominated by low shrubs.
Hemispherical: Having the shape of a half sphere.
Herbarium: A collection of dried plants (or lichens) organized taxonomically.
Holdfast: A thickened part of the thallus which is specialized for attachment to the
substrate.
Hyaline: Transparent and colourless.
Hymenium: The spore producing region of the fruiting body which consists of the asci
basidia, spores and paraphyses, pseudoparaphyses, or paraphysoids.

or

Hypha (pl. hyphae): A string of fungal cells connected end to end.
Hyphal: Of or pertaining to hyphae.
Hypothallus: A woolly, purely fungal mat of hyphae which grows on the underside of
thallus in some foliose lichens. Often used synonymously with prothallus.

the

Hypothecium: A purely fungal layer growing beneath the hymenium and above the
exciple.
IKI: Lugol‟s solution; 1.5% iodine in 10% potassium iodide. Used in special staining
procedures.
Imbricate: With a regular pattern of overlapping edges, as fish scales or roof tiles.
Immersed: Sunk into the thallus or substrate.
Incised: Having margins that are deeply cut or torn.
Indigenous: Native to the region in question.
Iodine reaction: A change of colour (typically blue, red or purple) in tissue treated with iodine.
The change is strongest if the tissue is first treated with K.
Isidiate: Having isidia.
Isidiomorph: An isidium-like propagule formed from soredia which have been
a cortex; forming within soralia.

enveloped by

Isidium (pl. isidia): A cylindrical or globular vegetative propagule composed of both the
photobiont and mycobiont packaged within a cortex. Attached to the thallus surface or
the margins of apothecia.
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Isotomic: branching to form two or more equal segments, making a main branch difficult to
distinguish (compare with Anisotomic).
K: A spot test reagent of 10% potassium hydroxide. Sodium hydroxide can serve as a
substitute.
KC: A spot test performed by wetting the test area with K and then applying C.
K/I: A process for staining asci or hymenia. Apply K to the test area, wash out the K with
water, then wash out the water with 1.5% IKI.
Laciniate: Jagged; with narrow, irregular lobes.
Laminal: On the upper surface of the thallus, does not include the area near the margins.
Lateral: Situated on, or proceeding from, the edge.
Lecanorine: See apothecium.
Lecideine: See apothecium.
Lichen substance: A chemical found exclusively in lichens.
Lichenicolous: Growing on lichen.
Lichenicolous fungus: A nonlichenized fungus which grows exclusively on lichen.
Lichenized: A fungus, green alga or cyanobacterium living symbiotically in a lichen.
Lichenometry: Aging the oldest lichen on a rock surface to roughly estimate how long the
surface has been exposed.
Lignicolous: Growing on bare wood.
Lignum: Bare wood such as a log without bark, exposed heartwood, benches or fenceposts.
Lobate: Resembling or bearing lobes.
Lobe: A rounded or elliptical projection of the thallus margin.
Lobulate: Resembling or bearing lobules.
Lobule: A small lobe growing on the margin or surface of a thallus or apothecium.
Generally of the same appearance as the thallus.
Locule: a chamber or cavity, particularly in an ascospore or perithecium.
Longitudinal: Running lengthwise.
Macrolichen: A fruticose or foliose lichen. Generally larger and more conspicuous than a
crustose (or micro-) lichen.
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Macula (pl. maculae): Small areas of the thallus lacking photobiont cells; appearing on the
surface of the thallus as pale spots, often slightly raised.
Maculate: Appearing speckled or blotchy due to the presence of maculae.
Margin: Rim or edge.
Marginal: Situated on the edge.
Medulla: A loose layer of interwoven fungal hyphae in the interior of the thallus, beneath the
cortex and photosynthetic layers. Most often white, rarely orange or yellow.
Melanized: Coloured by dark brown to black pigments.
Micro- : Prefix meaning “extremely small”.
Microlichen: A crustose lichen. Generally smaller and less conspicuous than foliose or
fruticose (macro-) lichens.
Morph: One of the forms taken by a species which can take multiple forms.
Morphotype: A member of a species which has a unique form or shape compared to other
members of the same species.
Multiseptate: Divided by many septa.
Muriform: A spore divided into many cells by intersecting transverse and longitudinal

septa.

Mycobiont: The fungal partner (symbiont) in a lichen.
Myrmecia: A genus of green algae related to, and resembling, Trebouxia, but can be
distinguished by cup-shaped chloroplasts which lack pyrenoids. Single, spherical cells
with a diameter of 4-15(-24) μm.
Nomenclature: A system of specialist terms used by a particular science or art.
Nostoc: A genus of cyanobacteria which forms bead-like chains of spherical or barrel-shaped
cells surrounded by a thin sheath. Chains also include the occasional larger, thick-walled
cells called heterocysts.
Ob- : Prefix meaning “inverse” or “of a reversed shape”.
-oid: Suffix indicating likeness, similarity or resemblance.
Orbicular: Round in outline.
Ostiole: The round, pore-like opening of a perithecium or pycnidium.
Oval: Elliptical.
Ovoid: Egg-shaped.
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P: A spot test reagent of para-phenylenediamine. Typically prepared with 70% ethyl
alcohol.
Papilla (pl. papillae): A small, wart-like bump found on the cortex of some lichens.
Papillate: Bearing papillae.
Para-phenylenediamine: See P.
Paraphysis (pl. paraphyses): A simple or branched sterile fungal filament growing
upwards from a basal attachment to surround the asci in the hymenium. Compare with
paraphysoid, periphysis, and pseudoparaphysis.
Paraphysoid: A branched, anastomosing sterile fungal filament growing around the asci in a
perithecium. Attached from an early stage to both the top and bottom of the perithecium,
and stretching as the perithecium grows to eventually resemble thin pseudoparaphysis.
Compare with paraphysis, periphysis, and pseudoparaphysis.
Paraplectenchyma: See Plectenchyma.
Paraplectenchymatous: A cortex formed from paraplectenchyma.
Peltate: Shaped like a shield or plate and raised, umbrella-like, above the surface by a central
stalk.
Pendent: Hanging, soft and pliable.
Periphysis (pl. periphyses): A short, sterile, fungal filament in a perithecium or pycnidium
Growing from an attachment on the inner walls around the ostiole. Compare with
paraphysoid, paraphysis, and pseudoparaphysis.
Perispore: See halo.
Perithecium (pl. perithecia): A subglobose or flask-shaped ascoma in which the hymenium is
completely enclosed except for a small pore (the ostiole) through which mature spores
are released. Perithecia take a variety of forms, and may be immersed in the thallus or
superficial.
Photobiont: The photosynthetic partner (symbiont) in a lichen, can be either an alga,
cyanobacterium, or both.
Photosynthesis: The process of using energy from sunlight to convert carbon dioxide into
carbohydrates.
Phycobiont: A green algal photobiont.
Phyllidium (pl. phyllidia): A flattened, dorsiventral lobule narrowing at the point of
attachment; sometimes detaching to act as a propagule.
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Phyllocladium (pl. phyllocladia): A small, photosynthetic outgrowth on the pseudopodetia of
Stereocaulon; may be lobed, scale-like, coralloid or granular.
Pinnate: As a feather, with parts arranged in pairs on either side of a common axis.
Plectenchyma: A tissue formed by the fusion of the cell walls of interwoven hyphal filaments.
Two main forms exist: paraplectenchyma, in which the composite cells are thin-walled
and isodiametric, and prosoplectenchyma in which the composite cells are thick-walled,
elongated and roughly parallel.
Podetium (pl. podetia): A simple or branched stalk bearing cups or fruiting bodies at its tips.
Develops from the same generative tissue as the fruiting bodies.
Polarilocular: An ascospore with two locules connected by a narrow channel passing
through a thick septum.
Polymorphic: Having more than one form.
Pore: A minute opening.
Potassium hydroxide: See K.
Powdery: See farinose.
Primary squamule: A squamule forming part of the primary thallus of species such as
Cladonia which produce both primary and secondary thalli.
Primary thallus: The basal thallus, usually crustose or squamulose, which clings to the substrate
and from which the secondary thallus, usually fruticose, arises on stalks or podetia.
Proliferating cup: In Cladonia, a cup that produces, from its margin or centre, podetia which
terminate in fruiting bodies or more cups.
Propagule: A reproductive particle; may be sexual (spore) or asexual (soredia or isidia).
Proper exciple: See exciple.
Prosoplectenchyma: See plectenchyma.
Prosoplectenchymatous: A cortex formed from prosoplectenchyma.
Prothallus: A woolly, purely fungal mat of hyphae which grows on the underside of the thallus
in some crustose lichens. Often used synonymously with hypothallus.
Pruina: Calcium oxalate crystal deposits on the upper cortex or apothecial disk which give a
white powdery or frosty appearance.
Pruinose: Having pruina.
Pseudo- : False, bearing a deceptive resemblance.
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Pseudocyphella (pl. pseudocyphellae): A break in the cortex through which medullary hyphae
come to the surface and appear as pale spots or lines. Unlike cyphellae, not lined with
special cells.
Pseudoparaphysis (pl. pseudoparaphyses): A branched, anastomosing sterile fungal filament
growing around the asci in a perithecium. Growing downward from the top of the
perithecium and eventually attaching to the bottom. Compare with paraphysoid,
periphysis, and paraphysis.
Pseudoparenchyma: See paraplectenchyma.
Pseudopodetium (pl. pseudopodetia): A simple or branched stalk bearing apothecia at its tips.
Developing from the vegetative tissue of the thallus rather than the generative tissue of
the apothecium.
Pubescent: Covered with fine hair.
Pustulate: Having pustules.
Pustule: A blister-like eruption in the cortex. Usually refers to a lump that gradually breaks
down into granular soredia.
Pycnidium (pl. pycnidia): A spherical or flask-shaped structure lined with cells which
produce conidia. Appears as a black dot, and may be immersed in the thallus or
superficial.
Pycnoascocarp: An ascocarp (ascoma) developing from a pycnidium.
Pyrenocarp: A perithecium.
Reticulate: Forming or resembling a net.
Rhizine: A root-like multicellular hypha growing from the bottom of the thallus to anchor the
lichen to its substrate. Rhizines of different species can vary in their length, width, and
degree of branching.
Rhizinomorph: A rhizine-like structure growing on the lower surface of umbilicate
lichens, but not attaching the thallus to the substrate.
Rimose: With a network of irregular cracks in the thallus.
Rosette: A roughly circular growth form of lobes radiating from a common centre.
Ruffled: Wavy or undulating in form.
Rugose: With a rough, wrinkled surface.
Rugulose: With delicate wrinkles.
s. lat.: See sensu lato.
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Saxicolous: Growing on rock.
Scabrid: With a minutely rough, scab-like surface.
Scabrous: See scabrid.
Scalloped: Edged with a series of curved projections.
Schizidium (pl. schizidia): A scale-like asexual propagule produced as the upper layers of the
thallus flake off.
Scytonema: A genus of cyanobacteria with cylindrical cells forming tubular filaments. Darkwalled, rectangular heterocysts present.
Secondary thallus: The upright stalks, often with fruiting bodies at their tips, which develop
from the primary thallus in species such as Cladonia.
Sensu lato (S. lat.): Literally, “in the broad sense”. Opposed to sensu stricto, “in the strict
sense”. Used to distinguish a more inclusive, broader circumscription of a taxon from a
stricter circumscription when a taxon has been defined more than once.
Sensu stricto: See sensu lato.
Septate: Divided by septa (eg. 3 septate = 4 celled).
Septum (pl. septa): A partitioning wall which separates the cells of hyphae or spores. Can be
uniform, unevenly thickened, or perforated.
Sessile: Attached directly to the surface; lacking a stalk.
Siliceous: A substrate of rock primarily composed of silicates and lacking carbonates; includes
granite and quartz.
Simple: Generally, not divided into parts. Of spores, without septa. Of hyphae, cilia or other
filaments, unbranched.
Sodium hypochlorite: See C.
Soralium (pl. soralia): A crack or opening in the cortex where soredia are produced. Can take
many forms.
Sorediate: Having soredia.
Soredium (pl. soredia): An ecorticate vegetative propagule composed of algal cells surrounded
by hyphae arising from the medulla. Appears as either powder or granules on the thallus
surface.
sp. : An abbreviation of “species” used when the genus is known, but the species is unspecified.
Compare with spp. and ssp.

302

Spore: A microscopic, sexual propagule capable of reproducing the mycobiont only. Can
vary in size, shape, and number of cells.
Spot test: A chemical test used to identify a lichen. Involves applying a small amount of a
liquid reagent to lichen tissue and observing a resultant colour change or lack thereof.
spp.: An abbreviation used to indicate several unspecified species belonging to the same genus.
Compare with sp. and ssp.
Squamule: A small, scale-like lobe of the thallus, lacking a lower cortex or rhizines, which is
not fixed to the substrate over its entire surface.
Squamulose: having squamules.
Squarrose: Of the thallus, having a scaly, rough surface. Of rhizines, having many short
branches at right angles to the central axis.
ssp.: An abbreviation used to indicate a subspecies. Compare with sp. and spp.
Stalked: See apothecium.
Stereome: Supportive tissue in Cladonia composed of cartilaginous rods.
Sterile: Unable to produce sexual spores. Sometimes extended to indicate an inability to produce
propagules of any kind.
Stipe: The stalk of an ascoma or basidioma.
Stratified: Composed of distinct layers.
Stigonema: A genus with filaments of spherical or oval cells within a thick, mucilagenous,
sheath. Lacking heterocysts.
Sub- : Prefix meaning “below”, “nearly”, or “slightly”.
Substrate: The surface to which a lichen is affixed. In most cases the substrate serves only as an
anchor point and is not a source of nutrition.
Symbiont: One of the partners in a symbiosis.
Symbiosis: A prolonged intimate relationship between two or more dissimilar organisms. The
association can be harmful or beneficial to one, both or neither of the organisms involved.
Taxon (pl. taxa): A unit of biological classification, such as “genus” or “species”.
Taxonomy: The branch of biology responsible for the identification, classification, and naming
of organisms based on structure, genetic similarities, evolutionary history, etc.
Terete: Round in cross-section.
Terminal: Situated at the end.
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Terricolous: Growing on the ground; includes soil and other organic matter.
Thalline: Pertaining to, or similar to, the thallus.
Thalline margin: See amphithecium.
Thallus (pl. thalli): The vegetative body of a lichen formed by a combination of algal and
fungal cells.
Thin Layer Chromatography (TLC): A technique for separating and identifying chemicals
such as the unique chemicals found in lichens.
TLC: See thin layer chromatography.
Tomentose: Having tomentum.
Tomentum: A fuzzy or woolly mat of hyphae growing on the surface of the thallus.
Trebouxia: A genus of spherical, single-celled green algae. Cells have a diameter of 10-15 μm
and contain one large, stellate chloroplast. The most common green algal photobiont in
lichens.
Trebouxioid: Resembling green algae of the genus Trebouxia. The taxonomy of Trebouxia has
not been firmly established. Photobionts described as “trebouxioid” resemble members of
the genus Trebouxia, but it is not clear whether they belong in that genus themselves.
Tubercle: A wart-like projection containing medullary tissue.
Tuberculate: Bearing, or resembling, tubercles.
Tufted: Arranged in bunches or clusters of elongated flexible outgrowths, closely affixed at the
base and free at the tips.
Type specimen: The original specimen from which a species was first described.
Umbilicate: Attached to the substrate by a single holdfast (umbilicus) in the centre of the thallus.
Umbilicus: A short, thick, central holdfast occurring in some lichens including Umbilicaria and
Dermatocarpon.
Vein: Elongated, anastomosing ridges of tissue on the lower surface of the thallus; usually
appear darker than the lower cortex. Serving a strengthening rather than a conductive
purpose.
Ventral: Facing up or toward the axis.
Vermiform: Worm-like.
Verruca (pl. verrucae): A wart-like protuberance.
Verruciform: Having verrucae.
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Verrucose: With verrucae on the surface.
Verrucula (pl. verruculae): A small verruca.
Verruculose: Slightly warty surface.
Wood: See lignum.
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CHAPTER SEVEN
CONCLUSION
Synopsis
All of the objectives presented in chapter 1 were achieved. The first objective was to
develop and test a new method for estimating lichen biomass at the stand level in boreal forests.
Using predetermined abundance to biomass ratios an efficient method was developed that
requires approximately 2 hrs to complete (Chapter 2). The method was tested in 34 stands and
revealed that some stands had lichen biomass over 9000 kg/ha. This surprisingly high biomass is
likely an important part of carbon storage in the boreal forest and presents the bases for further
study in this area. This new method was successfully used in chapter 4, where the effects of
planting and chemical tending on lichen biomass were assessed. The method was also used in
chapter 5, where the effects of forest structure and age on lichen biomass are explored. Forest
managers and researchers can use this method as a tool to assist with ecological studies on
lichens or with monitoring changes in lichen biomass over time and with habitat assessments for
organisms for which lichens are important, such as woodland caribou.
The second objective was to determine the short-term effects (1 year) of herbicides on
lichen diversity in northern Ontario. Additionally, to determine whether individual lichen species
have different tolerances to herbicides and try to identify morphological or chemical traits
associated with each tolerance class. Previous research on the effects of herbicides on lichens
conflicted; some studies had found herbicides to negatively affect lichen diversity (Newmaster et
al. 1999; Newmaster and Bell 2002; Mallik et al. 2002), while others found little or no affect
(Perkins and Marrs 1990; Mihajlovich and Blake 2004). This was resolved in chapter 3 as some
lichens are tolerant and others are not. Four herbicide tolerance classes were identified for the 25
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lichen species examined, ranging from no effect to 100% mortality. The species that were most
sensitive to herbicides had a fruticose growth form. Lichen species with a fruticose growth form
also comprise the species that occur with highest biomass in nortern Ontario. Therefore,
herbicide applications that reduce lichen biomass over the short-term also reduce the winter
forage available to woodland caribou and other organisms that rely on lichens.
The third objective was to examine the long-term (25-40 years) effects of planting and
chemical tending on lichen richness and biomass in northern Ontario. To achieve this objective,
stands with silvicultural treatments were compared to stands that burned and regenerated
naturally. Lichen biomass was measured in all the stands using the method developed in Chapter
2. The results suggest that forests with herbicide treatments have lower lichen biomass and
increased beta and gamma diversity than planted stands that were not treated chemically and the
naturally burned and regenerated stands. In northwestern Ontario, planted stands that were not
treated chemically had significantly greater lichen richness than stands treated with herbicides
and the natural burns. These common silvicultural practices do not appear to be simulating the
natural disturbance caused by wildfires in the boreal forest. Therefore, a reduction in the amount
of chemical tending should be considered by forest managers in areas where lichen biomass is
likely to be high, as organisms that rely on lichens will also be affected.
The fourth objective was to determine the environmental variables in Ontario‟s boreal
forest that are most important for high lichen richness and abundance (biomass) to occur. The
results showed that the most important variables for explaining lichen richness were the number
of microhabitats, variation in light coming through the canopy and stand age. In other words, the
greater the heterogeneity in a forest stand and the older it is, the greater the lichen richness. For
lichen biomass the most important explanatory variables were the total amount if light coming
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through the canopy, stand age and sandy soil. Creating or preserving old, opening canopy stands
on sandy soil will result in the highest lichen biomass. The most important environmental
variables contributing to an increase in lichen richness and biomass are manageable and can be
included in forest management strategies.
The fifth and final objective of this study was to develop a comprehensive dichotomous
identification key to the fruticose lichen species of Ontario and provide detailed descriptions of
the diagnostics and microhabitat preferences of the lichen species occurring in high enough
abundance to serve as winter forage for woodland caribou. This guide is presented in Chapter 6.
Fruticose lichens were selected because all of the lichen species that were found to occur in high
enough biomass to serve as winter forage for woodland caribou were fruticose in form (Chapter
2), and because almost all of the lichen species that were intolerant to herbicides also had a
fruticose form (Chapter 3). Though there are several lichen keys that cover the fruticose species
in Ontario (Fink 1935; Hale 1979; Thomson 1984; Brodo 1988; Wong and Brodo 1992;
Thomson 1997; Brodo et al. 2001; Walewski 2007), there are none specifically for the Province.
The guides that do cover some of the Ontario lichen flora do not have comprehensive coverage
of the species that are present. Therefore, the guide presented in chapter 6 can assist with
research on woodland caribou habitat, ecological studies assessing lichens with high biomass or
more general studies involving lichens in Ontario.
In conclusion, this study provided improved understanding of the relationship between
lichen diversity, silviculture and woodland caribou in Ontario. The effect the most common
silvicultural practices are having on lichens was explored to better understand the impact forest
management is having on woodland caribou winter habitat. The environmental variables in a
forest stand that are important for increasing lichen biomass were determined. Forest managers
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can use these data to develop strategies for maintaining woodland caribou winter habitat on the
landscape. Two tools were also produced by this study that can assist further research and
monitoring strategies on lichens and woodland caribou habitat in the Province; 1, a method for
estimating stand level lichen biomass in the boreal forest and 2, a key and species descriptions
for the fruticose lichens in the Ontario. If lichen diversity is not managed in boreal forests,
consequences may include an increase in soil erosion (Belnap and Lange 2001), altered nutrient
exchanges (Pike 1978), or a decline in the organisms that rely on lichens, such as woodland
caribou (Newmaster and Fazekas 2011).

The importance of this study to lichens
The distribution of many lichen species in northern Ontario remains poorly understood.
The lichens on the north shore of Lake Superior may be an exception; it is a unique ecological
area that is particularly rich with lichens and has long been an area of interest for lichenologists
(Crowe 1994; Ahti and Crowe 1995). The rest of northern Ontario, however, has received less
attention. Ahti (1964) completed an extensive survey on the lichens of northern Ontario, but it
was limited to macrolichens (foliose and fruticose forms). Though this study was ecologically
based and not a floristic study, it increased the known ranges of many species (based on Brodo et
al. 2001). The ranges of the seven following species were increased further into northeastern
Ontario: Collema furfuraceum, Dibaeis baeomyces, Hypogymnia incurvoides, Lecanora
thysanophora, Microcalicium disseminatum, Peltigera membranacea, and Platismatia
tuckermanii. Lichen species that extended further into northwestern Ontario than expected were:
Physciella chloantha, Tuckermanopsis orbata, and Usnea lapponica. Leptogium hirsutum was
collected in northeastern Ontario and had not been reported in the Province for over 100 years
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and the last collection was in southern Ontario (Brodo and Wong 1992). Chaenothecopsis exilis
was collected in northeastern Ontario as well and is a new record for the Province. The species
with the largest range extension was Calicium denigratum, which is a new record for North
America. This species was previously known from Europe (Tibell 1975), but it was discovered in
three forest stands in northeastern Ontario (Appendix I).
This study was also important to our understranding of lichens because it increased
accessibility to these understudied organisms. The identifications keys and species descriptions
in Chapter 6 comprised the only comprehensive guide to the lichens of northern Ontario. This
guide will help to include lichens in biological surveys or any ecological research involving
lichens. This study also provided a better understanding of how lichen richness and biomass are
influenced by stand structure and age. Forest managers can use these results to help create
management strategies that include lichen diversity, which will help to maintain the ecological
integrity of the boreal forest.

The importance of this study to woodland caribou
The woodland caribou has ecological and cultural importance to the people and natural
landscape of Canada, but it is a threatened species (Thomas and Gray 2002). Ecologically, the
conservation of the woodland caribou will contribute to the maintenance of ecological integrity
in Canada‟s boreal forest. Culturally, the woodland caribou is a Canadian icon, particularly to
Aboriginal groups who have co-existed with the species for generations (Banfield 1961, Kelsall
1984). The woodland caribou is also an umbrella species whose conservation will ensure habitat
preservation for many other boreal forest species (Roberge et al. 2004), but if improperly
managed, Canada will lose part of its identity.
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This present study contributes knowledge to the body of literature on winter food
availability to woodland caribou in Ontario. Predation and food availability are each known to be
limiting factors for woodland caribou populations, so both should be included in management
strategies (Bergerud 1974, 1978, 1985, 2000, Seip 1992, Thomas and Gray 2002, Rettie 2005,
Bergerud et al. 2007). The results from this study can contribute to the development of informed
and effective management strategies, which will be necessary to maintain sustainable woodland
caribou populations. Collaboration between forest managers in northern Ontario, however, is
essential if these strategies are to be successfully implemented.
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APPENDIX I
CALICIUM DENIGRATUM (VAIN.) TIBELL, A NEW LICHEN RECORD FOR
NORTH AMERICA
This appendix will also be published as:
McMullin, R.T. 2011. Calicium denigratum (Vain.) Tibell, a new lichen record for North
America. Bryologist. In Review.

Calicium denigratum (Vain.) Tibell (syn. Calicium curtum var. denigratum Vain.) was
first described as a species by Tibell (1976). It is an uncommon lichen previously known from
open canopy woodlands in Europe and Siberia (Tibell 1999). It is reported here for the first time
in North America.
C. denigratum was discovered at three localities growing on lignum in open boreal
woodlands in the Cochrane District of northeastern Ontario. This district is within the Hudson
Bay Lowlands and the northern clay belt. The region is characterised by clay soils, poor
drainage, flat topography, and Picea mariana is the dominant tree type (Rowe 1972). In all three
localities the tree cover was dominated by Picea mariana and Pinus banksiana and the ground
cover was dominated by species of Cladonia subgenus Cladina. The soil at these sites is sandy to
sandy-loam, which is uncommon in the region. Thirty-four ecologically similar localities (forest
stands) were examined for C. denigratum, but it was only located at three stands (described
below).
The three forest stands, where C. denigratum was found, were aged using forest resource
inventory maps provided by the Ontario Ministry of Natural Resources and AbitibiBowater then
ground truthed. The first stand was 101-140 yrs old, the canopy closure was 44%, the live tree
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stem density was 320 stems/ha, the snag stem density was 69 stems/hectare, and the tree
composition was Picea mariana 68% and Pinus banksiana 32%. The second stand was 40-50
years old, the canopy closure was 60%, the live tree stem density was 913 stems/ha, the snag
stem density was 31 stems/hectare, and the tree composition was Picea mariana 72%, Pinus
banksiana 27% and Abies balsamea 1%. The third stand was 51-60 years old, the canopy closure
was 70%, the live tree stem density was 465 stems/ha, the snag stem density was 7
stems/hectare, and the tree composition was Picea mariana 65% and Pinus banksiana 35%. All
specimens were collected from the hard wood of standing conifer snags that had lost their bark.
It is uncertain if these snags were Picea mariana or Pinus banksiana. Detailed descriptions of the
stands and methodologies used to collect the structural data for each stand are presented in
McMullin (2011).
C. abietinum and C. glaucellum are similar in appearance to C. denigratum, which is best
distinguished by the coarsely cracked surface of its spores, but it is also characterised by taller
and thinner ascomata (0.7-1.3 mm tall) that are shiny black, lack pruina, and have a bell shaped
capitulum (Tibell 1999). Stands that are ecologically similar to those where C. denigratum was
located occur throughout the boreal forest in North America. Therefore, it is likely that this
species inhabits other boreal regions on the continent. However, its low frequency of occurrence
in the 34 ecologically similar stands investigated within a relatively small ecoregion suggests
that C. denigratum is a rare species in North America

SPECIMENS EXAMINED. CANADA. ONTARIO: Raven Township, Iroquois Falls
Forest, Cochrane District, 49° 12 N, 80°33 W, on lignum in a mature open canopy boreal forest
(Picea mariana 68%, Pinus banksiana 32%), 14 July 2008, McMullin 7555 (OAC); Stimson
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Township, Iroquois Falls Forest, Cochrane District, 49° 01 N, 80°24 W, on lignum in a mature
open canopy boreal forest (Picea mariana 65%, Pinus banksiana 35%), 10 August 2008,
McMullin 7556 and 7559 (OAC); Freele Township, Iroquois Falls Forest, Cochrane District, 49°
08 N, 80°33 W, on lignum in a mature open canopy boreal forest (Picea mariana 72%, Pinus
banksiana 27%, Abies balsamea 1%), 5 Aug 2008, McMullin 7557 and 7558 (OAC).
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APPENDIX II
AN AUTECOLOGY OF THE LICHEN SPECIES WITH THE GREATEST BIOMASS IN
NORTHERN ONTARIO: CLADONIA ARBUSCULA S. LAT., C. RANGIFERINA AND C.
STELLARIS
This appendix will also be published as a chapter in the following book:
Newmaster, S.G. and F.W. Bell (eds.). An Autecology of Indigenous Forest Plants of Northern
Ontario. Ontario Ministry of Natural Resources, Vegetation Management Alternatives
Program, Applied Research and Development Branch, Sault Ste. Marie, ON. In Preparation.
Introduction

In the boreal woodlands of northern Ontario, the biomass of four lichen species greatly
exceeds that of any other lichen species: Cladonia arbuscula s. lat., C. rangiferina, C. stellaris,
and C. stygia. This high level of biomass contributes the most to the amount of lichen that is
available to woodland caribou as a winter food source. To manage these species for caribou, or
in general, a better understanding of them is required. Therefore, an autecology is presented for
all of these species except one, C. stygia.

C. stygia is the only species of the four that is uncommonly reported. Studies on
terrestrial lichens before 1984 included C. stygia within C. rangiferina (Ahti 1984). An
autecology of this species is not included because of the lack of research that has been done on it
directly. C. stygia is of similar size and appearance to C. rangiferina and was certainly included
within C. rangiferina in previous ecological studies. Therefore, much of the information
presented for C. rangiferina may be applicable to C. stygia as well. C. stygia is an often
overlooked species (Ahti and Hyvönen 1985) but, nevertheless, a prominent one in Northern
Ontario.
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Cladonia arbuscula (Wallr.) Flot. s. lat.
Synonyms for Cladonia arbuscula (Wallr.) Flot. subsp. mitis (Sandst.) Ruoss
Cladonia mitis Sandst.
Cladina mitis (Sandst.) Mong.
Cladina arbuscula (Wallr.) Hale & W.L. Culb. subsp. mitis (Sandst.) Burgaz
Synonyms for Cladonia arbuscula (Wallr.) Flot. subsp. squarrosa (Wallr.) Ruoss
Cladonia arbuscula (Wallr.) Flot.
Cladina arbuscula (Wallr.)
Cladonia arbuscula subsp.beringiana Ahti
Lichen rangiferinus var. sylvaticus L.
Alternate Names
Green reindeer lichen
Reindeer lichen
Lesser green reindeer
Yellow reindeer lichen
Caribou lichen
Caribou moss
Reindeer moss
Description
Description adapted from Fink 1935; Ahti 1961b; Ahti 1964; Ahti and Hepburn 1967;
Thomson 1967; 1984; Vitt et al. 1988; Goward 1999; Brodo et al. 2001; Hinds and Hinds 2007;
Walewski 2007; McCune and Geiser 2009; Smith et al. 2009; Piercey-Normore et al. 2010.
Cladonia is Greek for “with branches or stalks" and arbuscula is Latin for “little tree”,
referring to its growth pattern, the central stem with smaller branches resembles a small tree. There
are two subspecies known from Ontario, subsp. squarrosa and subsp. mitis, but they can be difficult
to distinguish. Subsp. mitis is the most common in the Province, it differs by its typical lack of
fumarprotocetraric acid, the main branches are not as wide and the tips are not as unilaterally
deflexed (facing the same direction). C. arbuscula s. lat. is part of the group commonly referred to as
reindeer lichens, which were recently changed from the genus Cladina to Cladonia due to molecular
evidence (Stenroos et al. 1997; Ahti and DePriest 2001; Stenroos et al. 2002).
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General: Primary thallus (vegetative body) crustose, pale yellow, forming a thin crust of warts,
rarely seen; secondary thallus fruticose, branches (podetia) rising from the primary thallus, pale
yellow-green to yellow-grey (due to usnic acid), hollow, 3-9(-15) cm tall and main branches 0.5-1.5
mm wide for subsp. mitis and 0.9-1.8 mm wide for subsp. squarrosa, occurring in tufts forming mats,
branch tips browning with 2-5 points and typically oriented in one direction for subsp. squarrosa, but
less so or not at all for subsp. mitis, richly branched usually in whorls of 3 or 4, outer cortex lacking medulla consequently appears as a webby coating on the outer surface; contains: usnic acid,
rangiformic acid, and with or without fumarprotocetraric acid, which is typically absent from subsp.
mitis, but usually present in subsp. squarrosa. Common throughout Ontario, abundant in northern
Ontario. Occurs on soil (usually sandy soil), rock outcrops with thin layers of soil, often moss or
health plants, generally in exposed or partially shaded environments.

Leaves: Hollow branches only (podetia), no basal leaflets, unlike many species of Cladonia

Fruiting Bodies: Rare, brown to red-brown, inconspicuous, 0.5-1.2 mm in diameter, at the tips of
some branches, typically one per branch or clustered, referred to as apothecia; spores one celled,
colourless, eight in each ascus.
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Cladonia rangiferina (L.) F.H. Wigg.
Synonyms
Cladina rangiferina (L.) Nyl.
Lichen rangiferinus L.
Alternate Names
Grey reindeer lichen
True reindeer lichen
Reindeer lichen
Caribou lichen
Caribou moss
Reindeer moss
Description
Description adapted from Fink 1935; Ahti 1961b; Ahti 1964; Ahti and Hepburn 1967;
Thomson 1967; 1984; Vitt et al. 1988; Goward 1999; Brodo et al. 2001; Hinds and Hinds 2007;
McCune and Geiser 2009.
Cladonia is Greek for “with branches or stalks" and rangiferina is Latin for “belonging to
reindeer”, this is due to its use as a primary winter food source for caribou in North America and for
reindeer in Eurasia. It is a part of the reindeer lichen group, which is made up of species with a
similar growth form that were originally a part of the genus Cladonia. The group was moved into its
own genus, Cladina (Ahti 1984), but due to molecular evidence it was moved back to Cladonia
(Stenroos et al. 1997; Ahti and DePriest 2001; Stenroos et al. 2002), but remains in the subgenus
Cladina.

General: Primary thallus (vegetative body) crustose, pale grey, forming clustered or scattered warts,
disappearing, rarely seen; secondary thallus fruticose, branches (podetia) rising from the primary
thallus, varying shades of grey, usually pale blue-grey, hollow, up to 12 cm tall and 0.7-1.5 mm
wide, with a distinct main stem, tips often brown (particularly when exposed) and generally oriented
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in one direction, with a cartilaginous central cord covered by white cobweb-like tissue (medulla),
base of branches shades of brown with scattered grey bumps, branching typically in groups of three
to four; pycnidia at the branch tips, black, containing colorless jelly; contains atranorin and
fumarprotocetraric acid. Extremely common in northern Ontario forests, bogs, rock outcrops and
tundra. It is more shade-resistant than C. stellaris and C. arbuscula s. lat.

Leaves: Hollow branches only (podetia), no basal leaflets, unlike many species of Cladonia.

Fruiting Bodies: Rare, brown, at the tips of some branches, clustered or solitary, 0.5-2.0 mm in
diameter, disks convex, referred to as apothecia; spores one celled, colorless, eight in each ascus.
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Cladonia stellaris (Opiz) Pouzar & Vězda
Synonyms
Cladina stellaris (Opiz) Brodo
Cladina alpestris (L.) Nyl.
Cladonia alpestris (L.) Rabenh.
Cladonia aberrans (Abbayes) Stuckenb.
Cladina aberrans (Abbayes) Hale & W.L. Culb.
Lichen rangiferinus var. alpestris L.
Alternate Names
Star-tipped reindeer lichen
Star reindeer lichen
Elegant reindeer lichen
Northern reindeer lichen
Reindeer lichen
Caribou lichen
Alpine reindeer moss
Caribou moss
Reindeer moss
Description
Description adapted from Fink 1935; Ahti 1960; Ahti 1961b; Ahti and Hepburn 1967;
Thomson 1967; 1984; Ahti 1984; Vitt et al. 1988; Goward 1999; Brodo et al. 2001; Hinds and Hinds
2007; Walewski 2007; Esslinger 2010; Smith et al. 2009.
Cladonia is Greek for “with branches or stalks" and stellaris is Latin for “starry”, referring to
the star shaped growth pattern on the tips of the branches. It is a reindeer lichen, a group that makes
up a small portion of the genus Cladonia that is known as the subgenus Cladina. In North America,
14 species comprise the reindeer lichen group, and ca. 170 species make up the genus Cladonia in
Canada and the United States.

General: Primary thallus (vegetative body) crustose, forming pale-yellow warts that are clustered or
scattered, rarely seen, soon dying; secondary thallus fruticose, branches (podetia) arising from the
primary thallus, pale yellow-white to pale yellow-green, hollow, 4-12 cm tall and 1-2 mm in
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diameter, forming tufts of rounded heads that are 15-40 mm in diameter and grow in groups or
continuous mats, branching is dense and lacks a main stem, branch tips in a star shaped pattern with
four to six points around a hole in the axis and not browning, pycnidia on the branch tips and contain
a red jelly, outer cortex lacking - medulla consequently appears as a webby coating on the outer
surface; contains: usnic acid, pseudonorrangiformic acid, perlatolic acid, and rarely psoromic acid.
Specimens with psoromic acid are called var. aberrans (Abbayes) Ahti. The levels of usnic and
psoromic acid were found to vary significantly within stands at four locations in northern Ontario
(Fahselt 1984). Specimens with psoromic acid are known as C. stellaris var. aberrans. Very
abundant in northern Ontario on the floors of open forests, bogs, especially in the Hudson Bay
Lowlands, also on rock outcrops, decreasing southwards, slowly returning to burnt woodlands, it is a
late successional species. It does not stand constant heavy grazing by caribou.

Leaves: Hollow branches only (podetia), no basal leaflets, unlike many species of Cladonia.

Fruiting Bodies: Rare, pale brown to brown, inconspicuous, 0.3-0.5 mm in diameter, solitary or
clustered on some branch tips, disks convex, referred to as apothecia; spores one celled, colourless,
eight in each ascus.
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A Combined Autecology of Cladonia arbuscula s. lat., C. rangiferina, and C. stellaris
Habitat
Distribution: Circumpolar between arctic and temperate regions (Thomson 1967; 1984; Brodo et al.
2001; Smith et al. 2009). They occur throughout Canada and are particularly abundant in the boreal
region (Thomson 1967; 1984; Brodo et al. 2001). Ranges include all of Ontario, where they are the
most abundant terrestrial lichens (Ahti and Hepburn 1967; Brodo et al. 2001). Cladonia rangiferina
has the largest North American range, which extends into the southeastern United States (Fink 1935;
Brodo et al. 2001). C. stellaris has the smallest North American range extending south to the
northeastern United States (Brodo et al. 2001). C. stellaris is also less likely to occur in moist
maritime regions (Kauppi 1979).

Climate: Colonization is typical in temperate and arctic regions, and includes coastal and continental
zones (Brodo et al. 2001). In Ontario, the mean temperature and precipitation varies greatly due to
the large area and latitudes covered. The most southern part of the province is Point Pelee where the
mean January temperature is -4.5oC, and 22.3oC in July, the warmest and highest in Ontario,
respectively, (Environment Canada, 2008). Point Pelee‟s mean precipitation in January is 57.6 mm
and 73.9 mm in July (Environment Canada, 2008). Big Trout Lake is one of the most northern
communities in Ontario, its mean temperature in January is -23.7oC and 16.2oC in July, while the
mean precipitation in January is 23 mm and 90.9 mm in July (Environment Canada, 2008).

Site and Soils: Found in oligotrophic habitats (Ahti and Oksanen 1990). Typically on sandy and
acidic soils, soil rich with humus, and thin layers of soil covering rock out crops (Thomson 1967;
McCune & Geiser 2000; Brodo et al. 2001). Commonly found in lodgepole pine (Pinus contorta),
jack pine (Pinus banksiana) and black spruce (Picea mariana) forests, bogs, heathlands, and grass or
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moss covered areas (Thompson 1967; 1984; Vitt et al. 1988; Brodo et al. 2001; McCune & Geiser
2009).

Nutrients: Obtained directly from the atmosphere, precipitation and dew (Nash 2008).

Moisture: Prefer moderate to high moisture (Smith et al. 2009; McCune and Gieser 2009). Growth
depends on the amount of moisture available and the amount of light received while wet (Palmqvist
and Sundberg 2000; Coxson and Wilson 2004; Gaio-Oliveira et al. 2006).

Light: High sun exposure preferred (Brodo et al. 2001). Light levels can also influence the
establishment of new thalli (Sulyma and Coxson 2001).

Reproduction

Sexual Reproduction: Fungal spores are produced in fruiting bodies (apothecia) at the tips of the
stalks or branches, but they are rarely present (Brodo et al. 2001; McCune & Geiser 2009). The
apothecia occur singly or in clusters and are brown, inconspicuous and globular (Thomson 1984;
Brodo et al. 2001).

Vegetative Reproduction: Broken pieces of the thallus may develop into new thalli if conditions are
suitable, this is referred to as fragmentation (Dibben 1971; Roturier et al. 2007; Nash 2008; Roturier
2009). Soredia, minute propagules that contain both fungal and algal cells, are produced along the
branches of reindeer lichen, but are exceptionally rare (Fink 1935; Thomson 1964). Soredia appear as
granular powder and they are transported by wind, water and animals (Brodo et al. 2001).

326

Propagation

Seeding: No seeds are produced, but fungal spores develop in fruiting bodies (apothecia), once
released they will form a new lichen in suitable microhabitats only if the appropriate algae is
encountered, otherwise the fungus alone may develop (Brodo et al. 2001; Nash 2008) .

Vegetative Propagation: Fragmentation, broken pieces of the thallus, is the primary mode of
propagation (Kiss 1985; Webb 1998), fruiting bodies (apothecia) and soredia, minute powdery
propagules, are the other modes of propagation and both rarely occur (Thompson 1967) .

Transplanting: In northern Sweden, C. arbuscula s. lat. fragments of varying sizes were dispersed in
1m2 plots in a middle aged pine forest and a clear cut (Roturier et al. 2007). Plots were established
on mineral soil (sandy loam: 70% sand, 28% silt, 2% clay), moss, and pine bark and twigs, and
monitored for three years. In the forest, establishment was high on all substrates, but larger fragments
(3 cm long) were more successful than the shorter ones (1 cm long). In the clear-cut, establishment
was highest on moss, then the bark and twigs, and the soil was the least colonized (Roturier et al.
2007).

Another transplant experiment in a Scots pine forest in northern Sweden compared different types the
artificial dispersal of C. stellaris in 1 m2 plots (Roturier and Bergsten 2009). Thallus fragments were
scattered in some plots while patches, pieces of intact mats, were placed in the centre of others. The
plots were left unprotected and grazed by reindeer, but both the patches and scattered fragments were
successful and support the hypothesis that transplanting reindeer lichen can be an effective way of
restoring lichen woodlands (Roturier and Bergsten 2009).
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Growth

The growth rate is between 3.3-6.5 mm/year with a mean growth of 4.8 mm/year for all three
species (Andreev 1954; Ahti 1957; Scotter 1963, 1964; Pegau 1968; Lechowicz and Adams 1973;
Boudreau and Payette 2004). Growth rates determined in a number of studies are presented in Table
AII-1.
Table AII-1. Growth rates (mm/yr) of Cladonia arbuscula s. lat., C. rangiferina and C. stellaris from a variety of locations.

Growth Rate mm/yr
C. arbuscula

C. rangiferina

C. stellaris

-

-

5.6

5.2

-

-

4.6

5.1

5.8

Location

Reference

Northern Québec and
Labrador

Boudreau and Payette 2004

Wisconsin – Picea Barrens

Lechowicz and Adams 1973

5.3

Alaska - Tundra

Pegau 1968

5.6

5.5

Alaska - Picea Forest

Pegau 1968

3.6

4.1

3.4

Northwest Territories

Scotter 1963

-

4.9

4.1

Northern Saskatchewan

Scotter 1964

-

4.8

6.5

Newfoundland

Ahti 1957

-

3.9

3.3

Russia - Tundra

Andreev 1954

-

5.5

5

Russia - Open Forest

Andreev 1954

4.8

4.8

4.8

= Mean

Environmental conditions will influence growth rates; those in more favourable habitats will
grow faster than those in less favourable ones or than individuals at the edge of their range
(Richardson 1975). Including lichen species other than reindeer lichens, growth rates have been
shown to be influenced by: the amount of moisture and light, particularly the amount of light
received while wet (Harris and Kershaw 1971; Palmqvist and Sundberg 2000; Sulyma and Coxson
2001; Nash 2008), temperature (Brodo 1965; Gaio-Oliveira et al. 2004), air pollution (Richardson
1975; Nash and Gries 1995), acid rain (Lechowicz 1982, 1987; Scott and Hutchinson 1987),
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elevation (Lindsay 1975; Berryman and McCune 2006), and substrate (Brodo 1973; Esseen 1981;
McMullin et al. 2008). Growth varies within individuals as well, which suggests that growth rates
should be calculated using the average of several branches (Hale 1970; Armstrong 1993). Reindeer
lichen growth is also influenced by mat thickness and the basal area begins to decay when they reach
their maximum size (Richardson 1975; Sveinbjörnsson 1987; Boudreau and Payette 2004).

Phenology

Root, Shoot and Foliage: There are no morphological changes throughout the year, but growth is
correlated with the amount of moisture available and the amount of light received while wet
(Palmqvist and Sundberg 2000; Coxson and Wilson 2004; Gaio-Oliveira et al. 2006; Nash 2008).

Reproductive Structures: If present, will remain unchanged throughout the year (Brodo et al. 2001;
Nash 2008)

Response to Disturbance
Overstory Removal: In logpole pine (Pinus contorta var. latifolia) forests in British Columbia
between 50 and 100 years after a burn large mats of C. arbuscula s. lat. and C. rangiferina form, but
then feather mosses start to take over, unless mechanical thinning occurs (Coxson and Marsh 2001).
If selective harvesting happens in the winter, opening the canopy and leaving the ground undisturbed,
the mats will return, but this is not the case if selective harvesting is done in the summer (Coxson and
Marsh 2001).
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Fire: Reindeer lichen-rich stands in Ontario‟s boreal forest typically originate with fire (Ahti and
Hepburn 1967). Reindeer lichen cover was found to be positively correlated with time after a fire
(Webb 1998). The succession of post-fire lichen regeneration in the boreal forest starts with Cladonia
arbuscula s. lat., then C. rangiferina and lastly C. stellaris (Ahti 1959; Ahti 1961a; Maikawa and
Kershaw 1976; Morneau and Payette 1989; Webb 1998). C. stellaris does not typically appear until
approximately 25 years post fire (Yarranton 1975).

Mechanical Site Preparation: Scarification can negatively affect up to 69% of ground vegetation
(Lundmark 1986). These effects can have long term implications for the recovery of reindeer lichens
(Eriksson and Raunistola 1990). Less harmful scarification techniques have, however, been
developed (Roturier and Bergsten 2006) and artificial dispersal of fragments may help recovery after
scarification (Heinken 1999; Roturier et al. 2007).

Cutting: After a clear-cut, much of the original lichen cover remains, it is often crushed, but the
fragments help with regeneration (Webb 1998). If deciduous trees and shrubs are the dominant regrowth in a stand after cutting, vascular plants may replace lichens (Darby et al. 1989). In
northwestern Ontario, reindeer lichen cover was not found to be correlated with time after a clear-cut
(Webb 1998). In Ontario‟s boreal forest, in stands where reindeer lichen began growing after a cut,
they will typically remain abundant for up to 40 years (Harris 1996; Racey et al. 1996).
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Chemical Treatments:
Glyphosate: Lichen survivorship, including C. rangiferina, after being sprayed with gyphosate is
negatively correlated with concentration (Newmaster et al. 1999). Normal operating concentration in
Ontario significantly reduces lichen abundance in the first 6 months post application, with a slight,
but not significant, increase after two years (Newmaster et al. 1999). In a different study, aerial
applications were also found to reduce lichen diversity in northern Ontario, which included C.
arbuscula s. lat. (Newmaster and Bell 2002). Mihajlovich and Blake (2004), however, found that
there was no effect on reindeer lichens post application.

Triclopyr: Ground and aerial applications in Ontario were found to negatively impact the
survivorship of C. rangiferina and C. arbuscula s. lat., respectively (Newmaster et al. 1999,
Newmaster and Bell 2002).

2,4-D: The herbicide Tordon, comprised of 2,4-D and picloram, and 2,4-D alone were sprayed in
different areas along hydroelectrical transmission corridors crossing peatlands in northern Manitoba
(Magnusson and Stewart 1987). Negative acute effects were observed on virtually all vegetation,
including C. arbuscula s. lat. and C. rangiferina. One year after application, recovery was observed
in vegetation that was sprayed with 2,4-D alone, but the vegetation sprayed with Tordon showed no
signs of recovery.
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Interactions with Plants
In North America, reindeer lichens commonly occur in low density lodgepole pine (Pinus contorta)
jack pine (Pinus banksiana) and black spruce (Picea mariana) forests, and also with grass or in moss
covered areas, bogs, and heathlands when light exposure is high (Thompson 1967; 1984; Brodo et al.
2001; Coxson and Marsh 2001; McCune and Geiser 2009).

Interactions with Mammals, Insects and Diseases
Mammals and Birds: A primary part of the woodland caribou winter diet (Scotter 1966; Ahti and
Hepburn 1967; Richardson and Young 1977), and also a part of the musk deer diet (Storeheier et al.
2002). In a study with Alaskan reindeer on their preference for lichen species as food, C. stellaris and
C. rangiferina were strongly selected over three other non-reindeer lichen species, C. arbuscula s.
lat. was not included in the study (Holleman and Luick 1977).

Uses
Ethnobotanic: In the West Kameng district of Eastern Himalaya, C. rangiferina is dried, ground into
powder and taken with boiled water as a cure for kidney stones (Jayashree et al. 2005). The Ojibwe
in the Great Lakes region of North America bathe newborns in water boiled with C. rangiferina
(Vogel 1970). In northern Europe and northern Russia, brandy was made using a variety of lichens
including C. rangiferina; the lichens were steamed under pressure, weak acid was added, they were
steamed again then neutralized with alkali and finally fermented (Ivanova and Ivanov 2009). C.
rangiferina was also used as tea by fur traders in Canada when other provisions were exhausted
during long wilderness trips (Sturtevant 1919). Reindeer lichens, the species are unknown, are used
in Alaska to cure diarrhea and alleviate chest pains (Smith 1973; Kari 1987).
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Current Markets: C. stellaris is used ornamentally for wreaths, floral decorations, and trees for
architect models and toy train sets (Kauppi 1979; Richardson 1988; Brodo et al. 2001). It was also
used in Sweden to monitor fallout from the Chernobyl nuclear power plant explosion in the Ukraine
and atmospheric nuclear test explosions (Lindahl et al. 2004), but there does not appear to be a
current market for this usage.
The usnic acid in C. arbuscula s. lat. and C. stellaris were used as an antibiotic, Usno, which
was commercially produced in Finland. It is a water soluble mixture of usnic acid and
benzyldimethyl-ammonium chloride and used to treat impetigo, ecthyma, dermatitis, eczema,
dermatomycosis, moniliasis and mastitis in cattle (Richardson 1988).
Approximately 3000 tons of C. stellaris are exported annually from Finland, Norway and
Sweden (Kauppi 1979; Richardson 1988).

Threats

Habitat Destruction: A study in northern Sweden found 30-50% of the lichen woodlands in their
study area, which are dominated by reindeer lichen, had been lost due to intensive forest management
over the last century (Berg et al. 2008).
In Norway, over a 40 year period, lichen dominated woodlands and heaths, also dominated
by reindeer lichen, had been reduced by 80% (Tømmervik et al. 2004). The cause for this decline
appears to be increased reindeer grazing, but climate change, caterpillar attacks and air-pollution may
have also contributed.

Other Environmental Stresses: Caribou trampling and grazing lead to almost complete removal of
reindeer lichen in the Anaktuvuk Pass in Alaska (Moser et al. 1979), and in a study area in South
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Georgia on grass heaths, bryophyte banks and tussock communities (Lindsay 1973). In northern
Finland, in subarctic heathlands and lichen woodlands, caribou trampling and grazing were found to
be the primary cause for a reduction in reindeer lichen biomass as well, but this disturbance was also
found to lead to a change in vegetation over a 13 year period; the study areas became dominated by
dwarf shrubs, bare soil and species of Cladonia other than the reindeer lichen group (den Herder et
al. 2003).

Unlike vascular plants, lichens lack a protective cuticle and cannot regulate gas exchange
(Richardson 1975; Brodo et al. 2001; Nash 2008). Therefore, air pollution, particularly sulphur
dioxide, metals, and acid rain that is transported, typically from industrial outputs, has detrimental
effects on lichens (Richardson 1975; Lechowicz 1982, 1987; Scott and Hutchinson 1987; Nash and
Gries 1995; Henderson 2000)

Ammonia emissions from large cattle farms in Denmark and Norway have also been shown
to negative impacts on C. arbuscula s. lat. (Søchting 1987).
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APPENDIX III
PHOTOGRAPHS AND IDENTIFICATION KEYS OF ARBOREAL LICHENS
OCCURRING IN HIGH ABUNDANCE IN BOREAL WOODLANDS OF ONTARIO

Figure AIII-2. Evernia mesomorpha,
abundance class 5.

Figure AIII-1. Evernia mesomorpha, close-up.

Figure AIII-3. Bryoria sp., close-up.

Figure AIII-4. Bryoria spp., abundance class 5.
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Figure AIII-5. Usnea sp., close-up.

Figure AIII-6. Usnea spp. (with some Bryoria
spp.), abundance class 5.

A key to the terrestrial lichens occurring in high abundance in boreal woodlands of
Ontario
1a. Cupped stalks, 2.0-5.0 cm tall, 1.5-4.0 mm wide, with irregular brown lumps (apothecia on
cup margins.........................................................Cladonia gracilis ssp. turbinata (Fig. AIII-7)
1b. No cups; no irregular brown apothecia.....................................................................................2
2a. Outer surface of branches smooth, yellow-green, 2.0-9.0 cm tall, 1.0-2.5 mm wide;
prickly appearance.................................................Cladonia uncialis (Fig. AIII-15-17)
2b. Branches with a webby outer surface (may require a hand lens to see), grey, white or
yellow-green; richly branched......................................................................................3
3a. White, grey, or grey-brown when dry to grey-green when wet; main branches
typically 2.0-12.0 cm tall and 1.0-2.0 mm wide...............................................4
4a. Base colour of the branch basal area is pale to dark brown, never
black, inside and out......Cladonia rangiferina (Fig. AIII-10, 12 & 17)
4b. Base colour of the branch basal area is black, inside and out..................
.......................................................Cladonia stygia (Fig. AIII-11 & 12)
3b. Yellow-green to yellow-white...........................................................................5
5a. Yellow-green to yellow-white; main branches typically 2.0-9.0 cm tall
1.0-2.5 mm wide...............Cladonia arbuscula s. lat. (Fig. AIII-8 & 9)
5b. White to yellow-white; in mounded clumps resembling cauliflower
from a distance; fine branching, no main branches................................
...................................................Cladonia stellaris (Fig. AIII-13 & 14)
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Photographs of terrestrial lichens occurring in high abundance in boreal woodlands of
Ontario

Figure AIII-7. Cladonia gracilis
ssp. turbinata, close-up.

Figure AIII-8. Cladonia arbuscula s. lat.,
close-up.

Figure AIII-9. Cladonia arbuscula s. lat. in high
abundance. Bits of Cladonia rangiferina across
the bottom and Cladonia uncialis across the top.
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Figure AIII-10. Cladonia rangiferina,
close-up.

Figure AIII-11. Cladonia stygia,
close-up.

Figure AIII-12. Cladonia stygia top left. Cladonia rangiferina
centre bottom and to the right.
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Figure AIII-13. Cladonia stellaris, close-up.

Figure AIII-15. Cladonia
uncialis, close-up.

Figure AIII-14. Cladonia stellaris in high
abundance.

Figure AIII-16. Cladonia uncialis in high abundance.

Figure AIII-17. A comparison of Cladonia
uncialis (left), Cladonia rangiferina (centre), and
Cladonia arbuscula s. lat. (right).
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APPENDIX IV

DATA COLLECTION AND CALCULATIONS SHEETS FOR LICHEN BIOMASS IN
ONTARIO
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Arboreal Lichen Biomass - Tree Stem Density
Stand # _________________________
Date ___________________________
# of trees

Class 1 (< 10%)

Class 2 (10-25%)

Class 3 (26-50%)

Class 4 (51-75%) Class 5 (76-100%)

Plot 1
Plot 2
Plot 3
Plot 4
Plot 5
Totals (500m2 each)
Multiply by 20 (density/ha)

Arboreal Lichen Biomass - Stump Density
# of stumps
Plot 1
Plot 2
Plot 3
Plot 4
Plot 5

Class 1 (< 10%)

Class 2 (10-25%)

Class 3 (26-50%)

Class 4 (51-75%) Class 5 (76-100%)

Totals (500m2 each)
Multiply by 20 (density/ha)

Arboreal Lichen Biomass - Snag Density
# of snags
Plot 1
Plot 2
Plot 3
Plot 4
Plot 5

Class 1 (< 10%)

Class 2 (10-25%)

Class 3 (26-50%)

Totals (500m2 each)
Multiply by 20 (density/ha)

Transfer the density/ha values to the 'Arboreal Biomass - Final Calculations' sheet

Class 4 (51-75%) Class 5 (76-100%)

Arboreal Biomass -Final Calculations

Tree Density/ha
x
Mean Biomass (g)
Total (g/ha)
+
Stump Density/ha
x
Mean Biomass (g)
Total (g/ha)
+
Snag Density/ha
x
Mean Biomass (g)
Total (g/ha)

Class 1 (< 10%)

Class 2 (10-25%)

Class 3 (26-50%)

Class 4 (51-75%) Class 5 (76-100%)

x

x

x

x

x

=
+

=
+

=
+

=
+

=
+

x

x

x

x

x

=
+

=
+

=
+

=
+

=
+

x

x

x

x

x

=

=

=

=

=

Total (g/ha)
Add all totals (g/ha) =
x 0.001 (kg/ha) =
Add final total to terristial biomass total for a complete stand total

Arboreal Biomass - Trees
Stand # _________________________
Date ___________________________
Percent Grid Cover on Trees
Species
Tree 1

Bryoria spp.
Usnea spp.
Evernia Meso.
Tuckermanopsis spp.

Tree 2

Bryoria spp.
Usnea spp.
Evernia Meso.
Tuckermanopsis spp.

Tree 3

Bryoria spp.
Usnea spp.
Evernia Meso.
Tuckermanopsis spp.

Tree 4

Bryoria spp.
Usnea spp.
Evernia Meso.
Tuckermanopsis spp.

Tree 5

Bryoria spp.
Usnea spp.
Evernia Meso.
Tuckermanopsis spp.

Tree 6

Bryoria spp.
Usnea spp.
Evernia Meso.
Tuckermanopsis spp.

Tree 7

Bryoria spp.
Usnea spp.
Evernia Meso.
Tuckermanopsis spp.

Tree 8

Bryoria spp.
Usnea spp.
Evernia Meso.
Tuckermanopsis spp.

Tree 9

Bryoria spp.
Usnea spp.
Evernia Meso.
Tuckermanopsis spp.

Tree 10

Bryoria spp.
Usnea spp.
Evernia Meso.
Tuckermanopsis spp.
Total
Total / n = average

Class 1
Grid / Convert

Class 2
Grid / Convert

Class 3
Class 4
Class 5
Grid / Convert Grid / Convert Grid / Convert

Arboreal Biomass - Stumps
Stand # _________________________
Date ___________________________

Stump = <1.5 m in height

Percent Grid Cover on Stumps
Species
Stump 1

Stump 2

Stump 3

Stump 4

Stump 5

Stump 6

Stump 7

Stump 8

Stump 9

Stump 10

Total
Total / n = average

Class 1
Grid / Convert

Class 2
Grid / Convert

Class 3
Class 4
Class 5
Grid / Convert Grid / Convert Grid / Convert

Arboreal Biomass - Snags
Stand # _________________________
Date ___________________________

Snag = >1.5 m in height

Percent Grid Cover on Snags
Species
Snag 1

Bryoria spp.
Usnea spp.
Evernia Meso.
Tuckermanopsis spp.

Snag 2

Bryoria spp.
Usnea spp.
Evernia Meso.
Tuckermanopsis spp.

Snag 3

Bryoria spp.
Usnea spp.
Evernia Meso.
Tuckermanopsis spp.

Snag 4

Bryoria spp.
Usnea spp.
Evernia Meso.
Tuckermanopsis spp.

Snag 5

Bryoria spp.
Usnea spp.
Evernia Meso.
Tuckermanopsis spp.

Snag 6

Bryoria spp.
Usnea spp.
Evernia Meso.
Tuckermanopsis spp.

Snag 7

Bryoria spp.
Usnea spp.
Evernia Meso.
Tuckermanopsis spp.

Snag 8

Bryoria spp.
Usnea spp.
Evernia Meso.
Tuckermanopsis spp.

Snag 9

Bryoria spp.
Usnea spp.
Evernia Meso.
Tuckermanopsis spp.

Snag 10

Bryoria spp.
Usnea spp.
Evernia Meso.
Tuckermanopsis spp.
Total
Total / n = average

Class 1
Grid / Convert

Class 2
Grid / Convert

Class 3
Class 4
Class 5
Grid / Convert Grid / Convert Grid / Convert

Terrestrial Lichen Biomass
Stand # _________________________
Date ___________________________

Species
Cladonia rangiferina
Cladonia arbuscula s. lat
Cladonia stellaris
Cladonia gracilis ssp. turbin.
Cladonia uncialis
Cladonia stygia

% Cov.

Plot 1
Convers.

Total/100m2

Sum of the 5 plots (g/500m2) =

% Cov.

Plot 2
Convers.

Total

10% of a plot is two hundred and fifty 20 x 20 cm grids
A 1 x 1 m square is twenty five 20 x 20 cm grids
Plot 3
Plot 4
Plot 5
% Cov.
Convers. % Cov.
Convers. % Cov.
Convers.

Total

Total

Total Terrestrial Biomass =
+

2

Multiply by 0.001 (kg/500m ) =

Multiply by 20 (kg/ha) =
(Total terrestrial biomass)

Total Arboreal Biomass =
=
Overall Stand Biomass =

Total

Appendix V
PICTURES AND SPECIES COVERAGE FROM BEFORE AND ONE YEAR AFTER
HERBICIDE APPLICATIONS ON 100 PLOTS IN NORTHERNEASTERN ONTARIO

To test the effect of common herbicides on lichens, 100 plots (2m2) were established in
northerneastern Ontario in a lichen rich forest stand (Figure AV-1). Using backpack and hand-held
sprayers, glyphosate was applied to fifty plots and tryclopyr to the other fifty. Plots were sprayed
randomly with concentrations between 0 and 12 L/ha (standard application rates range from 3-6 L/ha).
The upper range accounts for double swaths. A 1m2 subplot in the centre of the 2 m2 plots was
established. Within the subplots, all floral species were recorded along with their percent cover of the
subplot. Photographs, species and their percent cover before and one year after the herbicide
applications are presented.

Figure AV-1. Location of the study site in northeasten Ontario where
the 100 plots were established.
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Plot 1

Before Herbicide application, 2009 (August)

One year after a 6 L/Ha glyphosate application, 2010 (August)

Species
Percentage Coverage
Cladonia rangiferina
40%
Cladonia stellaris
40%
Cladonia uncialis
2%
Gaultheria procumbens
15%
Melampyrum lineare
7%
Vaccinium myrtilloides
75%

Species
Percentage Coverage
Caladonia rangiferina
35%
Caladonia stellaris
40%
Caladonia uncialis
0%
Gaultheria procumbens
20%
Melampyrum lineare
0%
Vaccinium myrtilloides
0%
Plot 2

Before herbicide application, 2009 (date)
Species
Percentage Coverage
Cladonia rangiferina
20%
Cladonia stellaris
20%
Cladonia stygia
50%
Gaultheria procumbens
15%
Pleurozium schreberi
2%
Vaccinium myrtilloides
60%

One year after a 10 L/Ha glyphosate application, 2010 (August)
Species
Percentage Coverage
Caldonia rangiferina
20%
Cladonia stellaris
20%
Cladonia stygia
50%
Gaultheria procumbens
15%
Pleurozium schreberi
0%
Vaccinium myrtilloides
0%
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Plot 3

Before herbicide application, 2009 (August)

One year after a 12 L/Ha glyphosate application, 2010 (August)

Species
Percentage Coverage
Cladonia rangiferina
15%
Cladonia stygia
65%
Gaultheria procumbens
15%
Melampyrum lineare
1%
Parmeliopsis caperata
0.5%
Pleurozium schreberi
15%
Vaccinium myrtilloides
60%
Vulpicida pinastri
0.5%

Species
Percentage Coverage
Cladonia rangiferina
15%
Cladonia stygia
65%
Gaultheria procumbens
15%
Melampyrum lineare
0%
Parmeliopsis caperata
0%
Pleurozium schreberi
0%
Vaccinium myrtilloides
0%
Vulpicida pinastri
0.5%
Plot 4

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia rangiferina
5%
Cladonia stellaris
60%
Cladonia stygia
20%
Epigaea repens
15%
Melampyrum lineare
5%
Pleurozium schreberi
5%
Vaccinium myrtilloides
40%

One year after a 8 L/Ha glyphosate application, 2010 (August)
Species
Percentage Coverage
Cladonia rangiferina
5%
Cladonia stellaris
60%
Cladonia stygia
20%
Gaultheria procumbens
15%
Melampyrum lineare
0%
Pleurozium schreberi
0%
Vaccinium myrtilloides
0%
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Plot 5

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
20%
Cladonia deformis
0.5%
Cladonia rangiferina
45%
Cladonia stellaris
2%
Cladonia uncialis
15%
Epigaea repens
20%
Pleurozium schreberi
20%
Vaccinium myrtilloides
35%

One year after a 5 L/Ha glyphosate application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
25%
Cladonia deformis
0.5%
Cladonia rangiferina
25%
Cladonia stellaris
2%
Cladonia uncialis
0%
Epigaea repens
0%
Gaultheria procumbens
15%
Pleurozium schreberi
0%
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Plot 6

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
25%
Cladonia crispata
1%
Cladonia rangiferina
25%
Cladonia stellaris
15%
Cladonia stygia
2%
Cladonia uncialis
5%
Gaultheria procumbens
15%
Vaccinium myrtilloides
50%

One year after a 2 L/Ha glyphosate application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
25%
Cladonia crispata
1%
Cladonia rangiferina
25%
Cladonia stellaris
15%
Cladonia stygia
2%
Cladonia uncialis
5%
Gaultheria procumbens
20%
Vaccinium myrtilloides
0
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Plot 7

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia deformis
1%
Cladonia rangiferina
35%
Cladonia stellaris
45%
Cladonia uncialis
7%
Gaultheria procumbens
10%
Melampyrum lineare
1%
Vaccinium myrtilloides
40%

One year after a 1 L/Ha glyphosate application, 2010 (August)
Species
Percentage Coverage
Cladonia deformis
1%
Cladonia fimbrata
0.5%
Cladonia rangiferina
35%
Cladonia stellaris
45%
Cladonia uncialis
7%
Gaultheria procumbens
15%
Vaccinium myrtilloides
0%
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Plot 8

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia deformis
0.5%
Cladonia rangiferina
15%
Cladonia stellaris
40%
Cladonia stygia
20%
Cladonia uncialis
5%
Gaultheria procumbens
10%
Melampyrum lineare
5%
Pleurozium schreberi
2%
Vaccinium myrtilloides
40%

One year after a 6 L/Ha glyphosate application, 2010 (August)
Species
Percentage Coverage
Cladonia deformis
0.5%
Cladonia rangiferina
15%
Cladonia stellaris
40%
Cladonia stygia
20%
Cladonia uncialis
0%
Gaultheria procumbens
10%
Melampyrum lineare
0%
Pleurozium schreberi
0%
Vaccinium myrtilloides
0%
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Plot 9

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
15%
Cladonia rangiferina
20%
Cladonia stellaris
25%
Gaultheria procumbens
5%
Melampyrum lineare
3%
Pleurozium schreberi
20%
Vaccinium myrtilloides
60%

One year after a 0 L/Ha glyphosate application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
15%
Cladonia rangiferina
20%
Cladonia stellaris
25%
Gaultheria procumbens
10%
Melampyrum lineare
5%
Pleurozium schreberi
20%
Vaccinium myrtilloides
60%
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Plot 10

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
20%
Cladonia rangiferina
10%
Cladonia stellaris
55%
Cladonia stygia
10%
Cladonia uncialis
15%
Gaultheria procumbens
5%
Pleurozium schreberi
10%
Vaccinium myrtilloides
30%

One year after a 3 L/Ha glyphosate application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
20%
Cladonia rangiferina
10%
Cladonia stellaris
55%
Cladonia stygia
10%
Cladonia uncialis
15%
Gaultheria procumbens
3%
Pleurozium schreberi
0%
Vaccinium myrtilloides
0%

365

Plot 11

Before herbicide application, 2009 (August)

One year after a 6 L/Ha tryclopyr application, 2010 (August)

Species
Percentage Coverage
Cladonia arbuscula s. lat.
10%
Cladonia rangiferina
60%
Gaultheria procumbens
10%
Melampyrum lineare
2%
Pleurozium schreberi
15%
Vaccinium myrtilloides
35%

Species
Percentage Coverage
Cladonia arbuscula s. lat.
10%
Cladonia rangiferina
60%
Gaultheria procumbens
0%
Melampyrum lineare
0%
Pleurozium schreberi
15%
Vaccinium myrtilloides
0%
Plot 12

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
5%
Cladonia crispata
0.5%
Cladonia deformis
2%
Cladonia rangiferina
45%
Gaultheria procumbens
10%
Melampyrum lineare
2%
Pleurozium schreberi
35%
Vaccinium myrtilloides
40%
Vulpicida pinastri
0.5%

One year after a 10 L/Ha tryclopyr application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
5%
Cladonia crispata
0.5%
Cladonia deformis
2%
Cladonia rangiferina
45%
Gaultheria procumbens
0%
Melampyrum lineare
0%
Pleurozium schreberi
0%
Vaccinium myrtilloides
0%
Vulpicida pinastri
0.5%
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Plot 13

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
10%
Cladonia crispata
20%
Cladonia deformis
1%
Cladonia rangiferina
40%
Gaultheria procumbens
10%
Melampyrum lineare
0.5%
Pleurozium schreberi
15%
Vaccinium myrtilloides
55%
Vulpicida pinastri
0.5%

One year after a 12 L/Ha tryclopyr application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
10%
Cladonia crispata
20%
Cladonia deformis
1%
Cladonia rangiferina
40%
Gaultheria procumbens
0%
Melampyrum lineare
0%
Pleurozium schreberi
15%
Vaccinium myrtilloides
0%
Vulpicida pinastri
0.5%
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Plot 14

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
10%
Cladonia crispata
8%
Cladonia rangiferina
35%
Cladonia stellaris
10%
Epigaea repens
5%
Pleurozium schreberi
35%
Vaccinium myrtilloides
35%
Vulpicida pinastri
0.5%

One year after a 8 L/Ha tryclopyr application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
10%
Cladonia crispata
8%
Cladonia rangiferina
35%
Cladonia stellaris
10%
Epigaea repens
0%
Parmeliopsis caperata
0.5%
Pleurozium schreberi
35%
Vulpicida pinastri
0.5%
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Plot 15

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia crispata
0.5%
Cladonia deformis
0.5%
Cladonia gracilis ssp. turbinata 1%
Cladonia rangiferina
30%
Cladonia stellaris
5%
Pleurozium schreberi
10%
Vaccinium myrtilloides
60%
Vulpicida pinastri
0.5%

One year after a 5 L/Ha tryclopyr application, 2010 (August)
Species
Percentage Coverage
Cladonia crispata
1%
Cladonia deformis
0.5%
Cladonia gracilis ssp. turbinata 0.5%
Cladonia rangiferina
30%
Cladonia stellaris
50%
Pleurozium schreberi
20%
Vaccinium myrtilloides
0%
Vulpicida pinastri
0.5%
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Plot 16

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
5%
Cladonia crispata
1%
Cladonia deformis
1%
Cladonia rangiferina
10%
Cladonia stygia
40%
Cladonia uncialis
1%
Kalmia angustifolia
5%
Melampyrum lineare
2%
Pleurozium schreberi
20%
Vaccinium myrtilloides
45%

One year after a 2 L/Ha tryclopyr application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
5%
Cladonia crispata
1%
Cladonia deformis
1%
Cladonia parasitica
0.5%
Cladonia rangiferina
10%
Cladonia stygia
40%
Cladonia uncialis
1%
Kalmia angustifolia
1%
Melampyrum lineare
0%
Pleurozium schreberi
20%
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Plot 17

Before herbicide application, 2009 (August)

One year after a 1 L/Ha tryclopyr application, 2010 (August)

Species
Percentage Coverage
Cladonia crispata
0.5%
Cladonia rangiferina
40
Cladonia stellaris
30%
Melampyrum lineare
2%
Vaccinium myrtilloides
65%

Species
Percentage Coverage
Cladonia cenotea
30%
Cladonia crispata
0.5%
Cladonia rangiferina
40%
Pleurozium schreberi
2%
Vaccinium myrtilloides
0%
Plot 18

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia deformis
0.5%
Cladonia rangiferina
30%
Cladonia stellaris
30%
Vaccinium myrtilloides
7%

One year after a 6 L/Ha tryclopyr application, 2010 (August)
Species
Percentage Coverage
Cladonia deformis
0.5%
Cladonia rangiferina
30%
Cladonia stellaris
30%
Vaccinium myrtilloides
2%
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Plot 19

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
15%
Cladonia deformis
0.5%
Cladonia rangiferina
25%
Cladonia stellaris
20%
Vaccinium myrtilloides
65%
Vulpicida pinastri
0.5%

One year after a 0 L/Ha tryclopyr application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
15%
Cladonia deformis
0.5%
Cladonia rangiferina
25%
Cladonia stellaris
20%
Vaccinium myrtilloides
75%
Vulpicida pinastri
0.5%
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Plot 20

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
15%
Cladonia rangiferina
65%
Cladonia stellaris
3%
Melampyrum lineare
3%
Pleurozium schreberi
15%
Vaccinium myrtilloides
70%

One year after a 3 L/Ha tryclopyr application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
10%
Cladonia rangiferina
65%
Cladonia stellaris
5%
Melampyrum lineare
0%
Pleurozium schreberi
15%
Vaccinium myrtilloides
0%
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Plot 21

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
10%
Cladonia deformis
0.5%
Cladonia rangiferina
50%
Cladonia stellaris
10%
cf. Lonicera oblongifolia
2%
Pleurozium schreberi
10%
Vaccinium myrtilloides
60%
Vulpicida pinastri
0.5%

One year after a 2 L/Ha glyphosate application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
10%
Cladonia deformis
0.5%
Cladonia rangiferina
50%
Cladonia stellaris
5%
cf. Lonicera oblongifolia
0%
Pleurozium schreberi
0%
Vaccinium myrtilloides
1%
Vulpicida pinastri
0.5%

374

Plot 22

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia crispata
0.5%
Cladonia rangiferina
55%
cf. Lonicera oblongifolia
1%
Parmeliopsis caperata
1%
Pleurozium schreberi
15%
Vaccinium myrtilloides
65%
Vulpicida pinastri
0.5%

One year after a 2 L/Ha glyphosate application, 2010 (August)
Species
Percentage Coverage
Cladonia deformis
0.5%
Cladonia rangiferina
55%
cf. Lonicera oblongifolia
0%
Parmeliopsis caperata
1%
Pleurozium schreberi
0%
Vaccinium myrtilloides
0%
Vulpicida pinastri
0.5%

375

Plot 23

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
5%
Cladonia rangiferina
15%
Cladonia stellaris
45%
Cladonia uncialis
1%
cf. Lonicera oblongifolia
1%
Pleurozium schreberi
20%
Vaccinium myrtilloides
50%

One year after a 3 L/Ha glyphosate application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
5%
Cladonia rangiferina
15%
Cladonia stellaris
45%
Cladonia uncialis
0%
cf. Lonicera oblongifolia
0%
Pleurozium schreberi
0%
Vaccinium myrtilloides
0%
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Plot 24

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
50%
Cladonia stellaris
15%
Cladonia stygia
20%
Pleurozium schreberi
1%
Vaccinium myrtilloides
25%

One year after a 3 L/Ha glyphosate application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
50%
Cladonia stellaris
15%
Cladonia stygia
20%
Pleurozium schreberi
0%
Vaccinium myrtilloides
0%
Plot 25

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia crispata
1%
Cladonia deformis
1%
Cladonia rangiferina
40%
Cladonia stellaris
40%
Epigaea repens
15%
Melampyrum lineare
1%
Vaccinium myrtilloides
50%

One year after a 3 L/Ha glyphosate application, 2010 (August)
Species
Percentage Coverage
Cladonia crispata
1%
Cladonia deformis
1%
Cladonia rangiferina
40%
Cladonia stellaris
40%
Epigaea repens
5%
Melampyrum lineare
0%
Vaccinium myrtilloides
0%
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Plot 26

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
5%
Cladonia crispata
1%
Cladonia deformis
0.5%
Cladonia rangiferina
40%
Cladonia stellaris
5%
Cladonia stygia
15%
Kalmia angustifolia
10%
Pleurozium schreberi
19%
Vaccinium myrtilloides
55%
Vulpicida pinastri
0.5%

One year after a 7 L/Ha glyphosate application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
5%
Cladonia crispata
1%
Cladonia deformis
0.5%
Cladonia rangiferina
40%
Cladonia stellaris
5%
Cladonia stygia
15%
Kalmia angustifolia
0%
Pleurozium schreberi
0%
Vaccinium myrtilloides
0%
Vulpicida pinastri
0.5%
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Plot 27

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
15%
Cladonia crispata
2%
Cladonia deformis
0.5%
Cladonia rangiferina
10%
Cladonia stellaris
65%
Cladonia stygia
5%
Kalmia angustifolia
10%
Pleurozium schreberi
5%
Vaccinium myrtilloides
25%

One year after a 1 L/Ha glyphosate application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
15%
Cladonia crispata
2%
Cladonia deformis
0.5%
Cladonia rangiferina
10%
Cladonia stellaris
65%
Cladonia stygia
5%
Kalmia angustifolia
15%
Pleurozium schreberi
5%
Vaccinium myrtilloides
25%
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Plot 28

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
20%
Cladonia stellaris
40%
Cladonia stygia
10%
Cladonia uncialis
2%
Kalmia angustifolia
30%
Parmeliopsis caperata
0.5%
Parmeliopsis hyperopta
0.5%
Pleurozium schreberi
10%
Tuckermannopsis americana 0.5%
Vaccinium myrtilloides
30%
Vulpicida pinastri
0.5%

One year after a 2 L/Ha glyphosate application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
20%
Cladonia stellaris
40%
Cladonia stygia
10%
Cladonia uncialis
0%
Kalmia angustifolia
25%
Parmeliopsis caperata
0.5%
Parmeliopsis hyperopta
0.5%
Pleurozium schreberi
0%
Tuckermannopsis americana
0%
Vaccinium myrtilloides
2%
Vulpicida pinastri
0.5%
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Plot 29

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
10%
Cladonia rangiferina
10%
Cladonia stellaris
35%
Cladonia stygia
10%
Cladonia uncialis
10%
Kalmia angustifolia
20%
Parmeliopsis hyperopta
0.5%
Pleurozium schreberi
5%
Vaccinium myrtilloides
40%
Vulpicida pinastri
0.5%

One year after a 4 L/Ha glyphosate application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
10%
Cladonia rangiferina
10%
Cladonia stellaris
35%
Cladonia stygia
10%
Cladonia uncialis
0%
Kalmia angustifolia
1%
Parmeliopsis hyperopta
0.5%
Pleurozium schreberi
0%
Vaccinium myrtilloides
0%
Vulpicida pinastri
0%
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Plot 30

Before herbicide application, 2009 (August)

One year after a 9 L/Ha glyphosate application, 2010 (August)

Species
Percentage Coverage
Cladonia arbuscula s. lat.
5%
Cladonia crispata
1%
Cladonia rangiferina
30%
Cladonia stellaris
40%
Cladonia stygia
20%
Cladonia uncialis
5%
Kalmia angustifolia
15%
Parmeliopsis hyperopta
0.5%
Pleurozium schreberi
20%
Vaccinium myrtilloides
25%
Vulpicida pinastri
0.5%

Species
Percentage Coverage
Cladonia arbuscula s. lat.
0%
Cladonia crispata
1%
Cladonia rangiferina
20%
Cladonia stellaris
40%
Cladonia stygia
10%
Cladonia uncialis
0%
Kalmia angustifolia
0%
Parmeliopsis hyperopta
0.5%
Pleurozium schreberi
0%
Vaccinium myrtilloides
0%
Vulpicida pinastri
0.5%
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Plot 31

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
45%
Cladonia crispata
0.5%
Cladonia rangiferina
15%
Cladonia stellaris
20%
Cladonia uncialis
3%
Epigaea repens
2%
Vaccinium myrtilloides
50%

One year after a 2 L/Ha tryclopyr application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
45%
Cladonia crispata
0.5%
Cladonia rangiferina
15%
Cladonia stellaris
20%
Cladonia uncialis
3%
Epigaea repens
1%
Vaccinium myrtilloides
0%
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Plot 32

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
35%
Cladonia rangiferina
10%
Cladonia stellaris
35%
Cladonia uncialis
10%
Epigaea repens
2%
Vaccinium myrtilloides
55%

One year after a 2 L/Ha tryclopyr application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
35%
Cladonia rangiferina
10%
Cladonia stellaris
0%
Cladonia uncialis
10%
Epigaea repens
2%
Vaccinium myrtilloides
0%
Plot 33

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
20%
Cladonia rangiferina
5%
Cladonia stellaris
50%
Cladonia uncialis
15%
Parmeliopsis caperata
0.5%
Vaccinium myrtilloides
50%

One year after a 3 L/Ha tryclopyr application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
20%
Cladonia rangiferina
5%
Cladonia stellaris
50%
Cladonia uncialis
15%
Parmeliopsis caperata
0.5%
Vaccinium myrtilloides
0%
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Plot 34

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
40%
Cladonia crispata
5%
Cladonia deformis
0.5%
Cladonia rangiferina
15%
Cladonia uncialis
12%
Vaccinium myrtilloides
60%

One year after a 3 L/Ha tryclopyr application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
40%
Cladonia crispata
5%
Cladonia deformis
0%
Cladonia rangiferina
15%
Cladonia uncialis
12%
Vaccinium myrtilloides
0%
Plot 35

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
50%
Cladonia crispata
1%
Cladonia stellaris
10%
Cladonia uncialis
10%
Epigaea repens
3%
Vaccinium myrtilloides
55%

One year after a 3 L/Ha tryclopyr application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
50%
Cladonia crispata
1%
Cladonia stellaris
10%
Cladonia uncialis
10%
Epigaea repens
3%
Vaccinium myrtilloides
0%
385

Plot 36

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cetraria arenaria
2%
Cladonia arbuscula s. lat.
25%
Cladonia rangiferina
15%
Cladonia stellaris
15%
Cladonia uncialis
25%
Epigaea repens
3%
Vaccinium myrtilloides
30%

One year after a 8 L/Ha tryclopyr application, 2010 (August)
Species
Percentage Coverage
Cetraria arenaria
2%
Cladonia arbuscula s. lat.
25%
Cladonia rangiferina
15%
Cladonia stellaris
15%
Cladonia uncialis
25%
Epigaea repens
2%
Vaccinium myrtilloides
0%
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Plot 37

Photo unavailable, file unretreivable.

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
40%
Cladonia crispata
2%
Cladonia rangiferina
15%
Cladonia stellaris
40%
Cladonia uncialis
5%
Vaccinium myrtilloides
30%

One year after a 1 L/Ha tryclopyr application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
40%
Cladonia crispata
2%
Cladonia rangiferina
15%
Cladonia stellaris
40%
Cladonia uncialis
5%
Vaccinium myrtilloides
0%

387

Plot 38

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
60%
Cladonia deformis
1%
Cladonia rangiferina
5%
Cladonia uncialis
20%
Epigaea repens
3%
Gaultheria procumbens
4%
Vaccinium myrtilloides
45%

One year after a 2 L/Ha tryclopyr application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
60%
Cladonia deformis
1%
Cladonia rangiferina
5%
Cladonia uncialis
20%
Epigaea repens
5%
Gaultheria procumbens
2%
Vaccinium myrtilloides
0%

388

Plot 39

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
30%
Cladonia rangiferina
25%
Cladonia stellaris
20%
Cladonia uncialis
10%
Gaultheria procumbens
10%
Vaccinium myrtilloides
30%

One year after a 4 L/Ha tryclopyr application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
30%
Cladonia rangiferina
25%
Cladonia stellaris
20%
Cladonia uncialis
10%
Epigaea repens
1%
Vaccinium myrtilloides
0%

389

Plot 40

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
15%
Cladonia deformis
0.5%
Cladonia rangiferina
55%
Cladonia stellaris
10%
Vaccinium myrtilloides
65%
Vulpicida pinastri
0.5%

One year after a 9 L/Ha tryclopyr application, 2010 (August)
Species
Percenatge Coverage
Cladonia arbuscula s. lat.
15%
Cladonia deformis
0%
Cladonia rangiferina
55%
Cladonia stellaris
10%
Vaccinium myrtilloides
0%
Vulpicida pinastri
0.5%

390

Plot 41

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
10%
Cladonia crispata
0.5%
Cladonia rangiferina
30%
Cladonia stellaris
10%
Cladonia uncialis
20%
Gaultheria procumbens
5%
Parmeliopsis caperata
0.5%
Vaccinium myrtilloides
50%

One year after a 8 L/Ha glyphosate application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
10%
Cladonia deformis
0.5%
Cladonia rangiferina
30%
Cladonia stellaris
10%
Cladonia uncialis
0%
Gaultheria procumbens
1%
Parmeliopsis caperata
0.5%
Vaccinium myrtilloides
0%

391

Plot 42

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
12%
Cladonia deformis
0.5%
Cladonia rangiferina
20%
Cladonia stellaris
40%
Cladonia uncialis
5%
Epigaea repens
10%
Gaultheria procumbens
3%
Vaccinium myrtilloides
55%

One year after a 1 L/Ha glyphosate application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
12%
Cladonia deformis
0.5%
Cladonia rangiferina
20%
Cladonia stellaris
40%
Cladonia uncialis
0%
Epigaea repens
8%
Gaultheria procumbens
3%
Vaccinium myrtilloides
0%

392

Plot 43

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
10%
Cladonia rangiferina
40%
Cladonia stellaris
10%
Cladonia uncialis
20%
Gaultheria procumbens
3%
Vaccinium myrtilloides
50%

One year after a 6 L/Ha glyphosate application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
10%
Cladonia rangiferina
40%
Cladonia stellaris
10%
Cladonia uncialis
20%
Gaultheria procumbens
3%
Vaccinium myrtilloides
60%

393

Plot 44

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
20%
Cladonia rangiferina
40%
Cladonia stellaris
20%
Cladonia uncialis
5%
Epigaea repens
3%
Gaultheria procumbens
5%
Vaccinium myrtilloides
50%

One year after a 1 L/Ha glyphosate application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
20%
Cladonia rangiferina
40%
Cladonia stellaris
20%
Cladonia uncialis
0%
Epigaea repens
0%
Gaultheria procumbens
1%
Vaccinium myrtilloides
0%

394

Plot 45

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
20%
Cladonia rangiferina
45%
Cladonia stellaris
20%
Cladonia uncialis
10%
Epigaea repens
4%
Gaultheria procumbens
1%
Vaccinium myrtilloides
50%

One year after a 0 L/Ha glyphosate application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
20%
Cladonia rangiferina
45%
Cladonia stellaris
20%
Cladonia uncialis
0%
Epigaea repens
0%
Gaultheria procumbens
0.5%
Vaccinium myrtilloides
0%

395

Plot 46

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
25%
Cladonia crispata
1%
Cladonia deformis
0.5%
Cladonia rangiferina
15%
Cladonia stellaris
20%
Cladonia uncialis
25%
Epigaea repens
1%
Vaccinium myrtilloides
50%

One year after a 8 L/Ha glyphosate application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
25%
Cladonia crispata
1%
Cladonia deformis
0.5%
Cladonia rangiferina
15%
Cladonia stellaris
20%
Cladonia uncialis
0%
Epigaea repens
0%
Vaccinium myrtilloides
0%

396

Plot 47

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
20%
Cladonia rangiferina
20%
Cladonia stellaris
30%
Cladonia uncialis
15%
Epigaea repens
2%
Vaccinium myrtilloides
60%

One year after a 7 L/Ha glyphosate application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
20%
Cladonia rangiferina
20%
Cladonia stellaris
30%
Cladonia uncialis
0%
Epigaea repens
0%
Vaccinium myrtilloides
0%

397

Plot 48

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
25%
Cladonia rangiferina
35%
Cladonia stellaris
25%
Cladonia uncialis
10%
Epigaea repens
1%
Vaccinium myrtilloides
60%

One year after a 7 L/Ha glyphosate application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
25%
Cladonia rangiferina
35%
Cladonia stellaris
25%
Cladonia uncialis
0%
Epigaea repens
0%
Vaccinium myrtilloides
0%

398

Plot 49

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
15%
Cladonia crispata
1%
Cladonia deformis
1%
Cladonia rangiferina
10%
Cladonia stellaris
35%
Cladonia uncialis
25%
Epigaea repens
3%
Vaccinium myrtilloides
20%

One year after a 11 L/Ha glyphosate application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
15%
Cladonia crispata
1%
Cladonia deformis
1%
Cladonia rangiferina
10%
Cladonia stellaris
35%
Cladonia uncialis
0%
Epigaea repens
0%
Vaccinium myrtilloides
0%

399

Plot 50

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
40%
Cladonia rangiferina
5%
Cladonia stellaris
20%
Cladonia uncialis
20%
Epigaea repens
1%
Vaccinium myrtilloides
10%

One year after a 4 L/Ha glyphosate application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
40%
Cladonia rangiferina
5%
Cladonia stellaris
20%
Cladonia uncialis
0%
Epigaea repens
0%
Vaccinium myrtilloides
0%

400

Plot 51

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
3%
Cladonia rangiferina
3%
Cladonia stellaris
70%
Cladonia uncialis
10%
Epigaea repens
1%
Gaultheria procumbens
2%
Melampyrum lineare
1%
Vaccinium myrtilloides
0%

One year after a 8 L/Ha tryclopyr application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
3%
Cladonia rangiferina
3%
Cladonia stellaris
70%
Cladonia uncialis
10%
Epigaea repens
1%
Gaultheria procumbens
0%
Melampyrum lineare
0%
Vaccinium myrtilloides
0%

401

Plot 52

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
40%
Cladonia rangiferina
25%
Cladonia stellaris
20%
Cladonia uncialis
5%
Epigaea repens
5%
Gaultheria procumbens
2%
Vaccinium myrtilloides
20%

One year after a 1 L/Ha tryclopyr application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
40%
Cladonia rangiferina
25%
Cladonia stellaris
20%
Cladonia uncialis
5%
Epigaea repens
5%
Gaultheria procumbens
2%
Vaccinium myrtilloides
0%

402

Plot 53

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
30%
Cladonia rangiferina
10%
Cladonia stellaris
45%
Cladonia uncialis
5%
Epigaea repens
3%
Melampyrum lineare
5%
Vaccinium myrtilloides
20%

One year after a 6 L/Ha tryclopyr application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
30%
Cladonia rangiferina
10%
Cladonia stellaris
45%
Cladonia uncialis
5%
Epigaea repens
1%
Melampyrum lineare
0%
Vaccinium myrtilloides
0%

403

Plot 54

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
20%
Cladonia rangiferina
60%
Cladonia uncialis
10%
Epigaea repens
2%
Gaultheria procumbens
5%
Melampyrum lineare
1%
Pleurozium schreberi
4%
Vaccinium myrtilloides
55%

One year after a 10 L/Ha tryclopyr application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
20%
Cladonia rangiferina
60%
Cladonia uncialis
10%
Epigaea repens
0%
Gaultheria procumbens
0%
Melampyrum lineare
0%
Pleurozium schreberi
0%
Vaccinium myrtilloides
0%

404

Plot 55

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
10%
Cladonia rangiferina
25%
Cladonia stellaris
45%
Cladonia uncialis
5%
Gaultheria procumbens
5%
Pleurozium schreberi
1%
Vaccinium myrtilloides
20%

One year after a 0 L/Ha tryclopyr application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
10%
Cladonia rangiferina
25%
Cladonia stellaris
45%
Cladonia uncialis
5%
Gaultheria procumbens
5%
Pleurozium schreberi
1%
Vaccinium myrtilloides
20%

405

Plot 56

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
30%
Cladonia crispata
0.5%
Cladonia rangiferina
25%
Cladonia stellaris
30%
Cladonia uncialis
5%
Vaccinium myrtilloides
60%
Unknown grey soil binder
1%
Vulpicida pinastri
0.5%

One year after a 8 L/Ha tryclopyr application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
30%
Cladonia crispata
0%
Cladonia rangiferina
25%
Cladonia stellaris
30%
Cladonia uncialis
5%
Vaccinium myrtilloides
0%
Unknown grey soil binder
0%
Vulpicida pinastri
0.5%

406

Plot 57

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
15%
Cladonia cenotea
0.5%
Cladonia crispata
0.5%
Cladonia deformis
3%
Cladonia rangiferina
5%
Cladonia stellaris
45%
Cladonia uncialis
15%
Epigaea repens
3%
Gaultheria procumbens
1%
Vaccinium myrtilloides
45%

One year after a 7 L/Ha tryclopyr application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
15%
Cladonia crispata
3%
Cladonia cristatella
0.5%
Cladonia deformis
0.5%
Cladonia rangiferina
5%
Cladonia stellaris
45%
Cladonia uncialis
15%
Epigaea repens
1%
Gaultheria procumbens
0%
Vaccinium myrtilloides
2%

407

Plot 58

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
65%
Cladonia crispata
1%
Cladonia rangiferina
3%
Cladonia uncialis
15%
Epigaea repens
10%
Gaultheria procumbens
2%
Vaccinium myrtilloides
35%

One year after a 7 L/Ha tryclopyr application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
65%
Cladonia crispata
1%
Cladonia rangiferina
3%
Cladonia uncialis
15%
Epigaea repens
0.5%
Gaultheria procumbens
0%
Vaccinium myrtilloides
0%

408

Plot 59

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
45%
Cladonia crispata
0.5%
Cladonia cristatella
0.5%
Cladonia deformis
0.5%
Cladonia rangiferina
10%
Cladonia stellaris
5%
Cladonia uncialis
2%
Gaultheria procumbens
8%
Vaccinium myrtilloides
25%

One year after a 11 L/Ha tryclopyr application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
45%
Cladonia crispata
0.5%
Cladonia cristatella
0.5%
Cladonia deformis
0.5%
Cladonia rangiferina
10%
Cladonia stellaris
5%
Cladonia uncialis
2%
Epigaea repens
1%
Vaccinium myrtilloides
0%

409

Plot 60

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
25%
Cladonia crispata
2%
Cladonia deformis
0.5%
Cladonia rangiferina
20%
Cladonia stellaris
40%
Cladonia uncialis
5%
Epigaea repens
5%
Gaultheria procumbens
15%
Vaccinium myrtilloides
35%

One year after a 4 L/Ha tryclopyr application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
25%
Cladonia crispata
2%
Cladonia deformis
0%
Cladonia rangiferina
20%
Cladonia stellaris
40%
Cladonia uncialis
5%
Epigaea repens
5%
Gaultheria procumbens
15%
Vaccinium myrtilloides
0%

410

Plot 61

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
5%
Cladonia crispata
10%
Cladonia deformis
0.5%
Cladonia gracilis ssp. turbinata0.5%
Cladonia rangiferina
45%
Cladonia stellaris
20%
Cladonia uncialis
5%
Gaultheria procumbens
10%
Vaccinium myrtilloides
50%

One year after a 6 L/Ha glyphosate application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
5%
Cladonia crispata
10%
Cladonia deformis
0.5%
Cladonia gracilis ssp. turbinata 0.5%
Cladonia rangiferina
45%
Cladonia stellaris
20%
Cladonia uncialis
2%
Gaultheria procumbens
10%
Vaccinium myrtilloides
0%

411

Plot 62

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
45%
Cladonia deformis
0.5%
Cladonia rangiferina
25%
Cladonia stellaris
15%
Cladonia uncialis
5%
Gaultheria procumbens
8%
Melampyrum lineare
3%
Pleurozium schreberi
10%
Vaccinium myrtilloides
60%

One year after a 8 L/Ha glyphosate application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
45%
Cladonia deformis
0%
Cladonia rangiferina
25%
Cladonia stellaris
15%
Cladonia uncialis
5%
Gaultheria procumbens
10%
Melampyrum lineare
0%
Pleurozium schreberi
0%
Vaccinium myrtilloides
0%

412

Plot 63

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
55%
Cladonia rangiferina
3%
Cladonia stellaris
15%
Cladonia uncialis
10%
Vaccinium myrtilloides
45%

One year after a 1 L/Ha glyphosate application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
55%
Cladonia rangiferina
3%
Cladonia stellaris
15%
Cladonia uncialis
10%
Vaccinium myrtilloides
0%

413

Plot 64

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
50%
Cladonia crispata
0.5%
Cladonia deformis
0.5%
Cladonia rangiferina
30%
Cladonia uncialis
5%
Gaultheria procumbens
4%
Melampyrum lineare
3%
Parmeliopsis caperata
0.5%
Vaccinium myrtilloides
50%

One year after a 11 L/Ha glyphosate application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
5%
Cladonia crispata
0.5%
Cladonia deformis
0.5%
Cladonia rangiferina
30%
Cladonia uncialis
5%
Gaultheria procumbens
4%
Melampyrum lineare
0%
Parmeliopsis caperata
0.5%
Vaccinium myrtilloides
0%

414

Plot 65

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
60%
Cladonia crispata
0.5%
Cladonia deformis
0.5%
Cladonia stellaris
25%
Cladonia stygia
3%
Cladonia uncialis
5%
Gaultheria procumbens
2%
Vaccinium myrtilloides
40%

One year after a 11 L/Ha glyphosate application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
60%
Cladonia crispata
0.5%
Cladonia deformis
0.5%
Cladonia stellaris
25%
Cladonia stygia
3%
Cladonia uncialis
0%
Gaultheria procumbens
0.5%
Vaccinium myrtilloides
0%

415

Plot 66

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
20%
Cladonia cirspata
5%
Cladonia deformis
1%
Cladonia rangiferina
5%
Cladonia stellaris
45%
Cladonia uncialis
15%
Gaultheria procumbens
5%
Vaccinium myrtilloides
40%

One year after a 12 L/Ha glyphosate application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
20%
Cladonia cirspata
5%
Cladonia deformis
1%
Cladonia rangiferina
5%
Cladonia stellaris
45%
Cladonia uncialis
0%
Gaultheria procumbens
2%
Vaccinium myrtilloides
0%

416

Plot 67

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
5%
Cladonia crispata
0.5%
Cladonia deformis
0.5%
Cladonia rangiferina
25%
Cladonia stellaris
10%
Cladonia uncialis
40%
Gaultheria procumbens
2%
Melampyrum lineare
3%
Parmeliopsis caperata
0.5%
Pleurozium schreberi
2%
Vaccinium myrtilloides
45%
Vulpicida pinastri
0.5%

One year after a 9 L/Ha glyphosate application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
5%
Cladonia crispata
0.5%
Cladonia deformis
0.5%
Cladonia rangiferina
25%
Cladonia stellaris
10%
Cladonia uncialis
0%
Gaultheria procumbens
2%
Melampyrum lineare
0%
Parmeliopsis caperata
0.5%
Pleurozium schreberi
2%
Vaccinium myrtilloides
0%
Vulpicida pinastri
0.5%

417

Plot 68

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
2%
Cladonia rangiferina
45%
Cladonia stellaris
25%
Gaultheria procumbens
3%
Pleurozium schreberi
3%
Vaccinium myrtilloides
50%

One year after a 9 L/Ha glyphosate application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
2%
Cladonia rangiferina
45%
Cladonia stellaris
25%
Gaultheria procumbens
1%
Pleurozium schreberi
0%
Vaccinium myrtilloides
0%

418

Plot 69

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
5%
Cladonia crispata
1%
Cladonia rangiferina
40%
Cladonia stellaris
3%
Cladonia stygia
20%
Melampyrum lineare
1%
Trapeliopsis granulosa
55%
Vaccinium myrtilloides
20%

One year after a 9 L/Ha glyphosate application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
5%
Cladonia crispata
1%
Cladonia rangiferina
40%
Cladonia stellaris
3%
Cladonia stygia
20%
Melampyrum lineare
0%
Trapeliopsis granulosa
0%
Vaccinium myrtilloides
0%

419

Plot 70

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
2%
Cladonia crispata
1%
Cladonia rangiferina
65%
Cladonia stellaris
8%
Gaultheria procumbens
2%
Pleurozium schreberi
5%
Trapeliopsis granulosa
40%
Vaccinium myrtilloides
0.5%

One year after a 5 L/Ha glyphosate application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
2%
Cladonia crispata
1%
Cladonia rangiferina
65%
Cladonia stellaris
8%
Gaultheria procumbens
2%
Pleurozium schreberi
5%
Trapeliopsis granulosa
0%
Vaccinium myrtilloides
0%

420

Plot 71

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Bryoria furcellata
0.5%
Cladonia arbuscula s. lat.
40%
Cladonia rangiferina
10%
Cladonia stellaris
8%
Cladonia uncialis
20%
Gaultheria procumbens
4%
Kalmia angustifolia
30%
Melampyrum lineare
8%
Parmeliopsis ambigua
0.5%
Parmeliopsis caperata
0.5%
Parmeliopsis hyperopta
0.5%
Placynthiella uliginosa
5%
Tuckermannopsis americana 0.5%
Vaccinium myrtilloides
10%
Vulpicida pinastri
0.5%

One year after a 6 L/Ha tryclopyr application, 2010 (August)
Species
Percentage Coverage
Bryoria furcellata
0.5%
Cladonia arbuscula s. lat.
40%
Cladonia rangiferina
10%
Cladonia stellaris
8%
Cladonia uncialis
0%
Gaultheria procumbens
0%
Kalmia angustifolia
0%
Melampyrum lineare
0%
Parmeliopsis ambigua
0.5%
Parmeliopsis caperata
0.5%
Parmeliopsis hyperopta
0.5%
Placynthiella uliginosa
5%
Tuckermannopsis americana
0.5%
Vaccinium myrtilloides
0%
Vulpicida pinastri
0.5%

421

Plot 72

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
35%
Cladonia rangiferina
15%
Cladonia stellaris
25%
Cladonia uncialis
5%
Gaultheria procumbens
5%
Kalmia angustifolia
20%
Parmeliopsis caperata
0.5%
Placynthiella uliginosa
5%
Stereocaulon sp.
2%
Trapeliopsis granulosa
5%
Tuckermannopsis americana 0.5%
Vaccinium myrtilloides
5%
Vulpicida pinastri
0.5%

One year after a 8 L/Ha tryclopyr application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
35%
Cladonia rangiferina
15%
Cladonia stellaris
25%
Cladonia uncialis
5%
Gaultheria procumbens
0%
Kalmia angustifolia
0%
Parmeliopsis caperata
0.5%
Placynthiella uliginosa
5%
Stereocaulon sp.
2%
Trapeliopsis granulosa
0%
Tuckermannopsis americana
0%
Vaccinium myrtilloides
0%
Vulpicida pinastri
0.5%

422

Plot 73

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
40%
Cladonia crispata
0.5%
Cladonia stellaris
20%
Cladonia uncialis
20%
Gaultheria procumbens
5%
Kalmia angustifolia
40%
Melampyrum lineare
8%
Vaccinium myrtilloides
5%

One year after a 1 L/Ha tryclopyr application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
40%
Cladonia crispata
0.5%
Cladonia stellaris
20%
Cladonia uncialis
20%
Gaultheria procumbens
5%
Kalmia angustifolia
40%
Melampyrum lineare
8%
Vaccinium myrtilloides
5%

423

Plot 74

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
15%
Cladonia cenotea
0.5%
Cladonia crispata
0.5%
Cladonia deformis
2%
Cladonia stellaris
65%
Cladonia uncialis
3%
Kalmia angustifolia
25%
Parmeliopsis caperata
0.5%
Vaccinium myrtilloides
5%

One year after a 11 L/Ha tryclopyr application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
15%
Cladonia cenotea
0%
Cladonia crispata
2%
Cladonia deformis
0.5%
Cladonia stellaris
65%
Cladonia uncialis
3%
Kalmia angustifolia
0%
Parmeliopsis caperata
0.5%
Vaccinium myrtilloides
0%

424

Plot 75

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
40%
Cladonia rangiferina
5%
Cladonia stellaris
25%
Cladonia uncialis
15%
Epigaea repens
2%
Gaultheria procumbens
3%
Kalmia angustifolia
8%
Melampyrum lineare
0.5%
Parmeliopsis caperata
0.5%
Parmeliopsis grey
0.5%
Vaccinium myrtilloides
10%
Vulpicida pinastri
0.5%

One year after a 11 L/Ha tryclopyr application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
40%
Cladonia rangiferina
5%
Cladonia stellaris
25%
Cladonia uncialis
15%
Epigaea repens
2%
Gaultheria procumbens
0%
Kalmia angustifolia
0%
Melampyrum lineare
0%
Parmeliopsis caperata
0.5%
Parmeliopsis grey
0.5%
Vaccinium myrtilloides
0%
Vulpicida pinastri
0.5%

425

Plot 76

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
20%
Cladonia crispata
0.5%
Cladonia deformis
0.5%
Cladonia rangiferina
15%
Cladonia stellaris
25%
Cladonia uncialis
5%
Gaultheria procumbens
30%
Kalmia angustifolia
15%
Parmeliopsis caperata
0.5%
Vaccinium myrtilloides
15%
Vulpicida pinastri
0.5%

One year after a 12 L/Ha tryclopyr application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
20%
Cladonia crispata
0.5%
Cladonia deformis
0.5%
Cladonia rangiferina
15%
Cladonia stellaris
25%
Cladonia uncialis
5%
Gaultheria procumbens
0%
Kalmia angustifolia
0%
Parmeliopsis caperata
0.5%
Vaccinium myrtilloides
0%
Vulpicida pinastri
0.5%

426

Plot 77

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
30%
Cladonia crispata
0.5%
Cladonia deformis
0.5%
Cladonia rangiferina
2%
Cladonia stellaris
25%
Cladonia uncialis
5%
Epigaea repens
5%
Gaultheria procumbens
20%
Kalmia angustifolia
10%
Parmeliopsis caperata
0.5%
Parmeliopsis grey
0.5%
Vaccinium myrtilloides
10%
Vulpicida pinastri
0.5%

One year after a 9 L/Ha tryclopyr application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
30%
Cladonia crispata
0.5%
Cladonia deformis
0.5%
Cladonia rangiferina
2%
Cladonia stellaris
25%
Cladonia uncialis
0%
Epigaea repens
5%
Gaultheria procumbens
0%
Kalmia angustifolia
0%
Parmeliopsis caperata
0.5%
Parmeliopsis grey
0.5%
Vaccinium myrtilloides
2%
Vulpicida pinastri
0.5%

427

Plot 78

Before herbicide application, 2009 (August)
One year after a 9 L/Ha tryclopyr application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
35%
Cladonia crispata
1%
Cladonia deformis
1%
Cladonia rangiferina
1%
Cladonia stellaris
40%
Cladonia uncialis
10%
Kalmia angustifolia
10%
Melampyrum lineare
1%
Parmeliopsis caperata
0.5%
Tuckermannopsis americana 0.5%
Vaccinium myrtilloides
15%
Vulpicida pinastri
0.5%

Species
Percentage Coverage
Cladonia arbuscula s. lat.
35%
Cladonia crispata
1%
Cladonia deformis
0.5%
Cladonia rangiferina
1%
Cladonia stellaris
40%
Cladonia uncialis
10%
Kalmia angustifolia
0%
Melampyrum lineare
1%
Parmeliopsis caperata
0.5%
Tuckermannopsis americana
0.5%
Vaccinium myrtilloides
0%
Vulpicida pinastri
0.5%

428

Plot 79

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
10%
Cladonia crispata
1%
Cladonia stellaris
40%
Cladonia uncialis
30%
Kalmia angustifolia
20%
Parmeliopsis caperata
0.5%
Parmeliopsis hyperoptera
0.5%
Tuckermannopsis americana 0.5%
Vaccinium myrtilloides
25%
Vulpicida pinastri
0.5%

One year after a 9 L/Ha tryclopyr application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
10%
Cladonia crispata
1%
Cladonia stellaris
40%
Cladonia uncialis
30%
Kalmia angustifolia
0%
Parmeliopsis caperata
0.5
Parmeliopsis hyperoptera
0.5%
Tuckermannopsis americana
0.5%
Vaccinium myrtilloides
0%
Vulpicida pinastri
0.5%

429

Plot 80

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
25%
Cladonia rangiferina
2%
Cladonia stellaris
40%
Cladonia uncialis
15%
Kalmia angustifolia
10%
Parmeliopsis caperata
0.5%
Parmeliopsis hyperoptera
0.5%
Tuckermannopsis americana 0.5%
Vaccinium myrtilloides
20%
Vulpicida pinastri
0.5%

One year after a 5 L/Ha tryclopyr application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
25%
Cladonia rangiferina
2%
Cladonia stellaris
40%
Cladonia uncialis
15%
Kalmia angustifolia
1%
Parmeliopsis caperata
0.5%
Parmeliopsis hyperoptera
0.5%
Tuckermannopsis americana
0.5%
Vaccinium myrtilloides
0%
Vulpicida pinastri
0.5%

430

Plot 81

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
20%
Cladonia rangiferina
40%
Cladonia stellaris
10%
Cladonia uncialis
3%
Kalmia angustifolia
35%
Melampyrum lineare
1%
Parmeliopsis caperata
0.5%
Parmeliopsis hyperoptera
0.5%
Pleurozium schreberi
20%
Tuckermannopsis americana 0.5%
Vaccinium myrtilloides
50%
Vulpicida pinastri
0.5%

One year after a 5 L/Ha glyphosate application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
20%
Cladonia rangiferina
40%
Cladonia stellaris
10%
Cladonia uncialis
0%
Kalmia angustifolia
2%
Melampyrum lineare
0%
Parmeliopsis caperata
0.5%
Parmeliopsis hyperoptera
0.5%
Pleurozium schreberi
2%
Tuckermannopsis americana
0.5%
Vaccinium myrtilloides
0%
Vulpicida pinastri
0.5%

431

Plot 82

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
10%
Cladonia rangiferina
25%
Cladonia stellaris
50%
Kalmia angustifolia
15%
Melampyrum lineare
0.5%
Parmeliopsis caperata
0.5%
Parmeliopsis hyperoptera
0.5%
Pleurozium schreberi
10%
Tuckermannopsis americana 0.5%
Vaccinium myrtilloides
30%
Vulpicida pinastri
0.5%

One year after a 4 L/Ha glyphosate application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
10%
Cladonia rangiferina
25%
Cladonia stellaris
50%
Kalmia angustifolia
1%
Melampyrum lineare
0%
Parmeliopsis caperata
0.5%
Parmeliopsis hyperoptera
0.5%
Pleurozium schreberi
2%
Tuckermannopsis americana
0%
Vaccinium myrtilloides
0%
Vulpicida pinastri
0.5%

432

Plot 83

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
20%
Cladonia rangiferina
20%
Cladonia stellaris
40%
Cladonia uncialis
5%
Gaultheria procumbens
2%
Kalmia angustifolia
40%
Melampyrum lineare
1%
Parmeliopsis caperata
0.5%
Parmeliopsis hyperoptera
0.5%
Tuckermannopsis americana 0.5%
Vaccinium myrtilloides
50%
Vulpicida pinastri
0.5%

One year after a 6 L/Ha glyphosate application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
20%
Cladonia rangiferina
20%
Cladonia stellaris
40%
Cladonia uncialis
0%
Gaultheria procumbens
1%
Kalmia angustifolia
0%
Melampyrum lineare
0%
Parmeliopsis caperata
0.5%
Parmeliopsis hyperoptera
0.5%
Tuckermannopsis americana
0.5%
Vaccinium myrtilloides
0%
Vulpicida pinastri
0.5%

433

Plot 84

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
20%
Cladonia cornuta ssp. cornuta 0.5%
Cladonia crispata
0%
Cladonia rangiferina
25%
Cladonia stellaris
20%
Cladonia uncialis
10%
Gaultheria procumbens
3%
Kalmia angustifolia
40%
Parmeliopsis caperata
0.5%
Parmeliopsis hyperoptera
0.5%
Pleurozium schreberi
15%
Tuckermannopsis americana 0.5%
Vaccinium myrtilloides
55%
Vulpicida pinastri
0.5%

One year after a 4 L/Ha glyphosate application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
20%
Cladonia cornuta ssp. cornuta 0.5%
Cladonia crispata
1%
Cladonia rangiferina
25%
Cladonia stellaris
20%
Cladonia uncialis
0%
Gaultheria procumbens
2%
Kalmia angustifolia
2%
Parmeliopsis caperata
0.5%
Parmeliopsis hyperoptera
0.5%
Pleurozium schreberi
0%
Tuckermannopsis americana
0.5%
Vaccinium myrtilloides
0%
Vulpicida pinastri
0.5%

434

Plot 85

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
25%
Cladonia rangiferina
30%
Cladonia stellaris
10%
Cladonia uncialis
5%
Gaultheria procumbens
2%
Kalmia angustifolia
25%
Melampyrum lineare
2%
Parmeliopsis caperata
0.5%
Parmeliopsis hyperoptera
0.5%
Pleurozium schreberi
5%
Vaccinium myrtilloides
55%
Vulpicida pinastri
0.5%

One year after a 12 L/Ha glyphosate application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
25%
Cladonia rangiferina
30%
Cladonia stellaris
10%
Cladonia uncialis
0%
Gaultheria procumbens
3%
Kalmia angustifolia
0%
Melampyrum lineare
0%
Parmeliopsis caperata
0.5%
Parmeliopsis hyperoptera
0.5%
Pleurozium schreberi
0%
Vaccinium myrtilloides
0%
Vulpicida pinastri
0.5%

435

Plot 86

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
40%
Cladonia deformis
0.5%
Cladonia rangiferina
35%
Cladonia stellaris
10%
Cladonia uncialis
5%
Gaultheria procumbens
2%
Kalmia angustifolia
10%
Melampyrum lineare
2%
Parmeliopsis caperata
0.5%
Parmeliopsis hyperoptera
0.5%
Pleurozium schreberi
15%
Vaccinium myrtilloides
50%
Vulpicida pinastri
0.5%

One year after a 8 L/Ha glyphosate application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
40%
Cladonia deformis
0.5%
Cladonia rangiferina
35%
Cladonia stellaris
10%
Cladonia uncialis
0%
Gaultheria procumbens
3%
Kalmia angustifolia
0%
Melampyrum lineare
0%
Parmeliopsis caperata
0.5%
Parmeliopsis hyperoptera
0.5%
Pleurozium schreberi
0%
Vaccinium myrtilloides
0%
Vulpicida pinastri
0.5%

436

Plot 87

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Bryoria furcellata
0.5%
Calicioid
0.5%
Cladonia arbuscula s. lat.
10%
Cladonia crispata
0.5%
Cladonia rangiferina
20%
Cladonia stellaris
10%
Gaultheria procumbens
5%
Hypogymnia physodes
0.5%
Parmeliopsis caperata
0.5%
Pleurozium schreberi
35%
Vaccinium myrtilloides
35%
Usnea sp
0.5%

One year after a 5 L/Ha glyphosate application, 2010 (August)
Species
Percentage Coverage
Bryoria furcellata
0%
Calicioid
0.5%
Cladonia arbuscula s. lat.
10%
Cladonia crispata
0.5%
Cladonia rangiferina
20%
Cladonia stellaris
10%
Gaultheria procumbens
0%
Hypogymnia physodes
0.5%
Parmeliopsis caperata
0.5%
Pleurozium schreberi
0%
Vaccinium myrtilloides
0%
Usnea sp
0.5%

437

Plot 88

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
25%
Cladonia crispata
4%
Cladonia rangiferina
20%
Cladonia stellaris
10%
Cladonia uncialis
15%
Gaultheria procumbens
2%
Vaccinium myrtilloides
40%

One year after a 10 L/Ha glyphosate application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
25%
Cladonia crispata
4%
Cladonia rangiferina
20%
Cladonia stellaris
10%
Cladonia uncialis
0%
Gaultheria procumbens
1%
Vaccinium myrtilloides
0%

438

Plot 89

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
10%
Cladonia crispata
1%
Cladonia deformis
0.5%
Cladonia rangiferina
20%
Cladonia stellaris
30%
Cladonia uncialis
10%
Gaultheria procumbens
2%
Melampyrum lineare
3%
Vaccinium myrtilloides
45%

One year after a 7 L/Ha glyphosate application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
10%
Cladonia crispata
1%
Cladonia deformis
21%
Cladonia rangiferina
20%
Cladonia stellaris
30%
Cladonia uncialis
0%
Gaultheria procumbens
2%
Melampyrum lineare
0%
Vaccinium myrtilloides
0%

439

Plot 90

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Calicioid
0.5%
Cladonia arbuscula s. lat.
5%
Cladonia crispata
0.5%
Cladonia rangiferina
0.5%
Cladonia stellaris
15%
Cladonia stygia
15%
Cladonia uncialis
5%
Gaultheria procumbens
10%
Hypogymnia physodes
0.5%
Parmeliopsis ambigua
0.5%
Parmeliopsis hyperoptera
0.5%
Pleurozium schreberi
30%
Vaccinium myrtilloides
30%

One year after a 0 L/Ha glyphosate application, 2010 (August)
Species
Percentage Coverage
Calicioid
0.5%
Cladonia arbuscula s. lat.
5%
Cladonia crispata
0.5%
Cladonia rangiferina
10%
Cladonia stellaris
15%
Cladonia stygia
15%
Cladonia uncialis
5%
Gaultheria procumbens
10%
Hypogymnia physodes
0.5%
Parmeliopsis ambigua
0.5%
Parmeliopsis hyperoptera
0.5%
Pleurozium schreberi
30%
Vaccinium myrtilloides
30%

440

Plot 91

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
15%
Cladonia crispata
0.5%
Cladonia deformis
0%
Cladonia rangiferina
10%
Cladonia stellaris
20%
Gaultheria procumbens
1%
Pleurozium schreberi
20%
Vaccinium myrtilloides
55%
Vulpicida pinastri
0.5%

One year after a 5 L/Ha tryclopyr application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
15%
Cladonia crispata
0%
Cladonia deformis
0.5%
Cladonia rangiferina
10%
Cladonia stellaris
20%
Gaultheria procumbens
0%
Pleurozium schreberi
20%
Vaccinium myrtilloides
0%
Vulpicida pinastri
0.5%

441

Plot 92

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
15%
Cladonia crispata
10%
Cladonia deformis
0.5%
Cladonia rangiferina
15%
Cladonia stellaris
25%
Pleurozium schreberi
15%
Vaccinium myrtilloides
45%
Vulpicida pinastri
0.5%

One year after a 4 L/Ha tryclopyr application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
15%
Cladonia crispata
10%
Cladonia deformis
2%
Cladonia rangiferina
15%
Cladonia stellaris
25%
Pleurozium schreberi
15%
Vaccinium myrtilloides
0%
Vulpicida pinastri
0.5%

442

Plot 93

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia crispata
4%
Cladonia deformis
0.5%
Cladonia rangiferina
55%
Cladonia stellaris
5%
Epigaea repens
3%
Pleurozium schreberi
15%
Vaccinium myrtilloides
45%

One year after a 6 L/Ha tryclopyr application, 2010 (August)
Species
Percentage Coverage
Cladonia crispata
4%
Cladonia deformis
0.5%
Cladonia rangiferina
55%
Cladonia stellaris
5%
Epigaea repens
3%
Pleurozium schreberi
15%
Vaccinium myrtilloides
0%

443

Plot 94

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
25%
Cladonia crispata
4%
Cladonia deformis
0.5%
Cladonia rangiferina
20%
Cladonia stellaris
15%
Cladonia uncialis
15%
Pleurozium schreberi
2%
Vaccinium myrtilloides
30%
Vulpicida pinastri
0.5%

One year after a 4 L/Ha tryclopyr application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
25%
Cladonia crispata
4%
Cladonia deformis
0.5%
Cladonia rangiferina
20%
Cladonia stellaris
15%
Cladonia uncialis
15%
Pleurozium schreberi
2%
Vaccinium myrtilloides
0%
Vulpicida pinastri
0.5%

444

Plot 95

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
30%
Cladonia crispata
1%
Cladonia deformis
0.5%
Cladonia stellaris
5%
Cladonia stygia
20%
Cladonia uncialis
5%
Epigaea repens
20%
Pleurozium schreberi
20%
Vaccinium myrtilloides
35%

One year after a 12 L/Ha tryclopyr application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
30%
Cladonia crispata
1%
Cladonia deformis
0.5%
Cladonia stellaris
5%
Cladonia stygia
20%
Cladonia uncialis
5%
Epigaea repens
20%
Pleurozium schreberi
20%
Vaccinium myrtilloides
0%

445

Plot 96

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Arctostaphylos uva-ursi
20%
Cladonia arbuscula s. lat.
25%
Cladonia rangiferina
20%
Cladonia stellaris
5%
Cladonia uncialis
5%
Gaultheria procumbens
2%
Pleurozium schreberi
15%
Vaccinium myrtilloides
55%

One year after a 8 L/Ha tryclopyr application, 2010 (August)
Species
Percentage Coverage
Arctostaphylos uva-ursi
0%
Cladonia arbuscula s. lat.
25%
Cladonia rangiferina
20%
Cladonia stellaris
5%
Cladonia uncialis
5%
Gaultheria procumbens
0.5%
Pleurozium schreberi
15%
Vaccinium myrtilloides
0%

446

Plot 97

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Arctostaphylos uva-ursi
25%
Cladonia arbuscula s. lat.
5%
Cladonia rangiferina
20%
Cladonia stellaris
40%
Cladonia uncialis
5%
Dicranum polysetum
3%
Gaultheria procumbens
2%
Pleurozium schreberi
10%
Vaccinium myrtilloides
30%

One year after a 5 L/Ha tryclopyr application, 2010 (August)
Species
Percentage Coverage
Arctostaphylos uva-ursi
2%
Cladonia arbuscula s. lat.
5%
Cladonia rangiferina
20%
Cladonia stellaris
40%
Cladonia uncialis
5%
Dicranum polysetum
3%
Gaultheria procumbens
0%
Pleurozium schreberi
10%
Vaccinium myrtilloides
0%

447

Plot 98

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Arctostaphylos uva-ursi
20%
Cladonia rangiferina
45%
Cladonia stellaris
20%
Cladonia uncialis
5%
Pleurozium schreberi
5%
Vaccinium myrtilloides
2%

One year after a 10 L/Ha tryclopyr application, 2010 (August)
Species
Percentage Coverage
Arctostaphylos uva-ursi
0%
Cladonia rangiferina
45%
Cladonia stellaris
20%
Cladonia uncialis
5%
Pleurozium schreberi
5%
Vaccinium myrtilloides
0%

448

Plot 99

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Arctostaphylos uva-ursi
20%
Cladonia rangiferina
35%
Cladonia stellaris
35%
Dicranum polysetum
1%
Gaultheria procumbens
5%
Pleurozium schreberi
15%
Vaccinium myrtilloides
15%

One year after a 7 L/Ha tryclopyr application, 2010 (August)
Species
Percentage Coverage
Arctostaphylos uva-ursi
0%
Cladonia rangiferina
35%
Cladonia stellaris
35%
Dicranum polysetum
1%
Gaultheria procumbens
0%
Pleurozium schreberi
15%
Vaccinium myrtilloides
0%

449

Plot 100

Before herbicide application, 2009 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
5%
Cladonia rangiferina
30%
Cladonia stellaris
40%
Cladonia uncialis
8%
Dicranum polysetum
3%
Gaultheria procumbens
4%
Melampyrum lineare
5%
Pleurozium schreberi
2%
Vaccinium myrtilloides
45%

One year after a 0 L/Ha tryclopyr application, 2010 (August)
Species
Percentage Coverage
Cladonia arbuscula s. lat.
5%
Cladonia rangiferina
30%
Cladonia stellaris
40%
Cladonia uncialis
8%
Dicranum polysetum
3%
Gaultheria procumbens
4%
Melampyrum lineare
5%
Pleurozium schreberi
2%
Vaccinium myrtilloides
45%
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APPENDIX VI
STAND PROFILES OF 51 STUDY SITES IN NORTHERN ONTARIO

Fifty-five study sites (forest stands) were assessed across the boreal region of northern
Ontario. All available information gathered about each stand is present here along with a suite
of photographs of each site. Four sites (9, 19, 33 and 47) were removed from the assessment
due to unfavourable stand characteristics. To avoid confusion, the original stand numbers
remain on the 55 stands. The location of the 51 stands is shown in Figures AVI-1 and AVI-2.
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Figure AVI-1. Study sites in northwestern Ontario (#38-55)

Figure AVI-2. Study sites in northeasten Ontario (#1-37)
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Study Site 1
Management Unit: Iroquois Falls Forest North
Township: Stimson
Company Forest Unit (Ecosystem Type): SP1
Date of Last Harvest or Burn: 100+ years
Age Class: 101-140 years
Site Preparation Date: None
Site Preparation Details: None
Planting Date: None
Planting Details: None
Herbicide Type and Application Date: None
Herbicide Application Rate: None
Herbicide Liquid Rate: None
Plot Tag Number and Location: 499 NW corner
UTMs at Plot Tag Number: E 0530489, N 5428667
OMNR Project Numbers: None
Stand Assessment Date(s): July 11, 2008; June 25, 2009
Average Stand Height: 13.4m
Canopy Closure: 82.06% (± 1.27)
Tree Composition: Picea mariana 78%, Pinus banksiana 22%
Live Tree Stem Density: 319 stems/ha
Snag Stem Density: 33 stems/ha
Basal Area: 16.8 m2/ha
Total Stand Biomass: 2765.69 kg/ha
Total Arboreal Biomass: 16.25 kg/ha
Total Terrestrial Biomass: 2749.44 kg/ha
Lichens Occurring with Enough Biomass to Serve as Food for Woodland Caribou: Bryoria spp.,
Cladonia rangiferina, Cladonia stellaris, Cladonia stygia, Evernia mesomorpha, Usnea spp.
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Study Site 1
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Study Site 2
Management Unit: Iroquois Falls Forest North
Township: Bragg
Company Forest Unit (Ecosystem Type): SP1
Date of Last Harvest or Burn: 1979
Age Class: 21-30 years (1981)
Site Preparation Date: 1980
Site Preparation Details: Shear blade
Planting Date: 1981
Planting Details: Picea mariana
Herbicide Type and Application Date: Glyphosate, 1984
Herbicide Application Rate: 2.14 kg/ha
Herbicide Liquid Rate: 33.7 I/ha
Plot Tag Number and Location: 401 SW corner
UTMs at Plot Tag Number: E 0546009, N 5463939
OMNR Project Numbers: 203-80,206-81,233-84, 216, 218
Stand Assessment Date(s): July 12, 2008; July 9, 2009
Average Stand Height: 8.1m
Canopy Closure: 73.12% (± 2.99 )
Tree Composition: Picea mariana 86%, Abies balsamea 9%, Picea glauca 3%, Populus tremuloides 2%,
Salix sp. 1%
Live Tree Stem Density: 714 stems/ha
Snag Stem Density: 0 stems/ha
Basal Area: 26 m2/ha
Total Stand Biomass: 2626.62 kg/ha
Total Arboreal Biomass: 1.62 kg/ha
Total Terrestrial Biomass: 2625 kg/ha
Lichens Occurring with Enough Biomass to Serve as Food for Woodland Caribou: Bryoria spp.,
Cladonia rangiferina, Evernia mesomorpha, Tuckermanopsis spp., Usnea spp.
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Study Site 2

455

Study Site 3
Management Unit: Iroquois Falls Forest North
Township: Raven
Company Forest Unit (Ecosystem Type): SP1
Date of Last Harvest or Burn: 100+ years
Age Class: 101-140 years
Site Preparation Date: None
Site Preparation Details: None
Planting Date: None
Planting Details: None
Herbicide Type and Application Date: None
Herbicide Application Rate: None
Herbicide Liquid Rate: None
Plot Tag Number and Location: 490 SW corner
UTMs at Plot Tag Number: E 0541102, N 5450518
OMNR Project Numbers: None
Stand Assessment Date(s): July 14, 2008; July 17, 2009
Average Stand Height: 11.4m
Canopy Closure: 44.28% (± 2.11)

Tree Composition: Picea mariana 68%, Pinus banksiana 32%
Live Tree Stem Density: 370 stems/ha
Snag Stem Density: 67 stems/ha
Basal Area: 10.3 m2/ha
Total Stand Biomass: 8198.32 kg/ha
Total Arboreal Biomass: 7.19 kg/ha
Total Terrestrial Biomass: 8191.13 kg/ha
Lichens Occurring with Enough Biomass to Serve as Food for Woodland Caribou: Bryoria spp.,
Cladonia arbuscula s. lat., Cladonia rangiferina, Cladonia stellaris, Cladonia stygia, Evernia mesomorpha, Usnea spp.
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Study Site 3

457

Study Site 4
Management Unit: Iroquois Falls Forest North
Township: Freele
Company Forest Unit (Ecosystem Type): SF1
Date of Last Harvest or Burn: 1960-61
Age Class: 41-50 years (1971)
Site Preparation Date: 1969
Site Preparation Details: Shear blade
Planting Date: 1971
Planting Details: Picea glauca, Picea mariana
Herbicide Type and Application Date: 24-D, 1977
Herbicide Application Rate: 795 gal/260 ac
Herbicide Liquid Rate: 796 gal/260 ac
Plot Tag Number and Location: 410 SE corner
UTMs at Plot Tag Number: E 0548489, N 5434634
OMNR Project Numbers: 10-69,15-71,28-77
Stand Assessment Date(s): July 14, 2008; July 13, 2009
Average Stand Height: 10m
Canopy Closure: 91.13% (± 0.5)
Tree Composition: Picea mariana 42%, Abies balsamea 23%, Picea Glauca 17%,
Populus tremuloides 11%, Salix sp. 4%, Populus balsamifera 3%
Live Tree Stem Density: 823 stems/ha
Snag Stem Density: 5 stems/ha
Basal Area: 37.2 m2/ha
Total Stand Biomass: 1.05 kg/ha
Total Arboreal Biomass: 1.5 kg/ha
Total Terrestrial Biomass: 0.00 kg/ha
Lichens Occurring with Enough Biomass to Serve as Food for Woodland Caribou: Bryoria spp.,
Evernia mesomorpha, Usnea spp.
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Study Site 4

459

Study Site 5
Management Unit: Iroquois Falls Forest North
Township: Bragg
Company Forest Unit (Ecosystem Type): SP1
Date of Last Harvest or Burn: 1982
Age Class: 21-30 years (1983)
Site Preparation Date: 1982
Site Preparation Details: Shear blade
Planting Date: 1983
Planting Details: Picea mariana
Herbicide Type and Application Date: Glyphosate, 1986
Herbicide Application Rate: 1.78 kg/ha
Herbicide Liquid Rate: 33.7 I/ha
Plot Tag Number and Location: 411 SW corner
UTMs at Plot Tag Number: E 0538343, N 5477370
OMNR Project Numbers: 225-82,228-83,249-86
Stand Assessment Date(s): July 16, 2008; July 10, 2009
Average Stand Height: 5.8m
Canopy Closure: 41.16% (± 3.17)
Tree Composition: Picea mariana 98%, Populus tremuloides 2%
Live Tree Stem Density: 986 stems/ha
Snag Stem Density: 0 stems/ha
Basal Area: 9.8 m2/ha
Total Stand Biomass: 4883.18 kg/ha
Total Arboreal Biomass: 2.09 kg/ha
Total Terrestrial Biomass: 4881.09 kg/ha
Lichens Occurring with Enough Biomass to Serve as Food for Woodland Caribou: Bryoria spp.,
Cladonia arbuscula s. lat., Cladonia rangiferina, Cladonia stellaris, Cladonia stygia, Evernia
mesomorpha, Tuckermanopsis, Usnea spp.
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Study Site 5
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Study Site 6
Management Unit: Iroquois Falls Forest North
Township: Bragg
Company Forest Unit (Ecosystem Type): SP1
Date of Last Harvest or Burn: 1983
Age Class: 21-30 years (1984)
Site Preparation Date: 1983
Site Preparation Details: No mechanical site prep
Planting Date: 1984
Planting Details: Picea mariana
Herbicide Type and Application Date: None
Herbicide Application Rate: None
Herbicide Liquid Rate: None
Plot Tag Number and Location: 482 SW corner
UTMs at Plot Tag Number: E 0551217, N 5469223
OMNR Project Numbers: 229-83,238-84
Stand Assessment Date(s): July 16, 2008; July 06, 2009
Average Stand Height: 4.5m
Canopy Closure: 37.71% (±3.05 )
Tree Composition: Picea mariana 97%, Abies balsamea 3%
Live Tree Stem Density: 1090 stems/ha
Snag Stem Density: 0 stems/ha
Basal Area: 11.8 m2/ha
Total Stand Biomass: 4955.02 kg/ha
Total Arboreal Biomass: 3.17 kg/ha
Total Terrestrial Biomass: 4951.84 kg/ha
Lichens Occurring with Enough Biomass to Serve as Food for Woodland Caribou: Bryoria spp.,
Cladonia arbuscula s. lat., Cladonia rangiferina, Evernia mesomorpha, Tuckermanopsis spp., Usnea
spp.
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Study Site 6

463

Study Site 7
Management Unit: Iroquois Falls Forest North
Township: Heighington
Company Forest Unit (Ecosystem Type): SF1
Date of Last Harvest or Burn: No record
Age Class: 41-50 years
Site Preparation Date: No record
Site Preparation Details: No record
Planting Date: No record
Planting Details: No record
Herbicide Type and Application Date: 24-D, 1985
Herbicide Application Rate: 2.24 kg/ha
Herbicide Liquid Rate: 33.8 I/ha
Plot Tag Number and Location: 484 SW corner
UTMs at Plot Tag Number: E 0526335, N 5456137
OMNR Project Numbers: 207-85
Stand Assessment Date(s): July 20, 2008; July 08, 2009
Average Stand Height: 14.2m
Canopy Closure: 91.74% (± 0.43)
Tree Composition: Abies balsamea 44%, Picea Glauca 44%, Picea mariana 6%, Pinus banksiana 4%,
Populus tremuloides 2%
Live Tree Stem Density: 680 stems/ha
Snag Stem Density: 9 stems/ha
Basal Area: 39.7 m2/ha
Total Stand Biomass: 0.96 kg/ha
Total Arboreal Biomass: 0.96 kg/ha
Total Terrestrial Biomass: 0.00 kg/ha
Lichens Occurring with Enough Biomass to Serve as Food for Woodland Caribou: Evernia
mesomorpha, Tuckermanopsis spp., Usnea spp.
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Study Site 7
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Study Site 8
Management Unit: Iroquois Falls Forest North
Township: Heighington
Company Forest Unit (Ecosystem Type): SP1
Date of Last Harvest or Burn: No record
Age Class: 31-40 years
Site Preparation Date: No record
Site Preparation Details: No record
Planting Date: No record
Planting Details: No record
Herbicide Type and Application Date: 24-D, 1983
Herbicide Application Rate: 2.24 kg/ha
Herbicide Liquid Rate: 33.8 I/ha
Plot Tag Number and Location: 481 NE corner
UTMs at Plot Tag Number: E 0533148, N 5459855
OMNR Project Numbers: 201-83
Stand Assessment Date(s): July 20, 2008; July 14, 2009
Average Stand Height: 10.3m
Canopy Closure: 68.11% (± 2.06 )
Tree Composition: Picea mariana 96%, Larix laricina 3%, Abies balsamea 1%
Live Tree Stem Density: 937 stems/ha
Snag Stem Density: 148 stems/ha
Basal Area: 30.3 m2/ha
Total Stand Biomass: 2112.82 kg/ha
Total Arboreal Biomass: 8.72 kg/ha
Total Terrestrial Biomass: 2104.09 kg/ha
Lichens Occurring with Enough Biomass to Serve as Food for Woodland Caribou: Bryoria spp.,
Cladonia abuscula s. lat., Cladonia rangiferina, Cladonia stellaris, Evernia mesomorpha, Usnea spp.
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Study Site 8
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Study Site 10
Management Unit: Iroquois Falls Forest North
Township: Freele
Company Forest Unit (Ecosystem Type): SF1
Date of Last Harvest or Burn: 1970
Age Class: 31-40 years (1975)
Site Preparation Date: 1974
Site Preparation Details: Angled blades, bulldozed strips
Planting Date: 1975
Planting Details: Picea glauca
Herbicide Type and Application Date: 24-D, 1978
Herbicide Application Rate: 3.68 kg/ha
Herbicide Liquid Rate: 33.75 I/ha
Plot Tag Number and Location: 423 NE corner
UTMs at Plot Tag Number: E 0546889, N 5443618
OMNR Project Numbers: 19-74,21-75,31-78
Stand Assessment Date(s): July 22, 2008; July 9, 2009
Average Stand Height: 14.2m
Canopy Closure: 91.74% (± 0.33)
Tree Composition: Picea glauca 54%, Abies balsamea 25%, Populus tremuloides 13%, Betula
papyrifera 6%, Picea mariana 1%
Live Tree Stem Density: 1048 stems/ha
Snag Stem Density: 145 stems/ha
Basal Area: 36.2 m2/ha
Total Stand Biomass: 1.33 kg/ha
Total Arboreal Biomass: 1.33 kg/ha
Total Terrestrial Biomass: 0.00 kg/ha
Lichens Occurring with Enough Biomass to Serve as Food for Woodland Caribou: Evernia
mesomorpha, Usnea spp.
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Study Site 10
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Study Site 11
Management Unit: Iroquois Falls Forest North
Township: Freele
Company Forest Unit (Ecosystem Type): SP1
Date of Last Harvest or Burn: 100+ years
Age Class: 101-140 years
Site Preparation Date: None
Site Preparation Details: None
Planting Date: None
Planting Details: None
Herbicide Type and Application Date: None
Herbicide Application Rate: None
Herbicide Liquid Rate: None
Plot Tag Number and Location: 427 SE corner
UTMs at Plot Tag Number: E 0546749, N 5442969
OMNR Project Numbers: None
Stand Assessment Date(s): July 22, 2008; July 16, 2009
Average Stand Height: 9.6m
Canopy Closure: 63.84% (±3.35 )
Tree Composition: Picea mariana 60%, Abies balsamea 26%, Picea glauca 8%, Populus tremuloides
3%, Salix sp. 3%,
Live Tree Stem Density: 1075 stems/ha
Snag Stem Density: 97 stems/ha
Basal Area: 24 m2/ha
Total Stand Biomass: 9.43 kg/ha
Total Arboreal Biomass: 9.43 kg/ha
Total Terrestrial Biomass: 0.00 kg/ha
Lichens Occurring with Enough Biomass to Serve as Food for Woodland Caribou: Bryoria spp.,
Evernia mesomorpha, Tuckermanopsis spp., Usnea spp.
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Study Site 11
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Study Site 12
Management Unit: Smooth Rock Falls Forest
Township: Homuth
Company Forest Unit (Ecosystem Type): SP1
Date of Last Harvest or Burn: 1976 Burn
Age Class: 31-40 years
Site Preparation Date: None
Site Preparation Details: None
Planting Date: None
Planting Details: None
Herbicide Type and Application Date: None
Herbicide Application Rate: None
Herbicide Liquid Rate: None
Plot Tag Number and Location: 425 NW corner
UTMs at Plot Tag Number: E 0462865, N 5499458
OMNR Project Numbers: 1977 Fire Records, COC-22
Stand Assessment Date(s): July 23, 2008; June 27, 2009
Average Stand Height: 8.1m
Canopy Closure: 50.47% (± 3.54)
Tree Composition: Picea mariana 98%, Abies balsamea 2%
Live Tree Stem Density: 245 stems/ha
Snag Stem Density: 13 stems/ha
Basal Area: 9.5 m2/ha
Total Stand Biomass: 1959.72 kg/ha
Total Arboreal Biomass: 2.78 kg/ha
Total Terrestrial Biomass: 1956.94 kg/ha
Lichens Occurring with Enough Biomass to Serve as Food for Woodland Caribou: Bryoria spp.,
Cladonia arbusula s. lat., Cladonia rangiferina, Cladonia turbinata, Evernia mesomorpha, Usnea spp.

472

Study Site 12
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Study Site 13
Management Unit: Iroquois Falls Forest North
Township: Bragg
Company Forest Unit (Ecosystem Type): SP1
Date of Last Harvest or Burn: 1979-83
Age Class: 21-30 years (1984)
Site Preparation Date: 1983
Site Preparation Details: Shear blade
Planting Date: 1984
Planting Details: Picea mariana
Herbicide Type and Application Date: None
Herbicide Application Rate: None
Herbicide Liquid Rate: None
Plot Tag Number and Location: 421 NW corner
UTMs at Plot Tag Number: E 0538694, N 5474694
OMNR Project Numbers: 230-83,232-84
Stand Assessment Date(s): July 24, 2008; July 14, 2009
Average Stand Height: 7.0m
Canopy Closure: 61.81% (± 2.68)
Tree Composition: Picea mariana 90%, Abies balsamea 5%, Betula papyrifera 4%, Larix laricina 1%,
Salix sp. 1%
Live Tree Stem Density: 1086 stems/ha
Snag Stem Density: 1 stems/ha
Basal Area: 18.3 m2/ha
Total Stand Biomass: 2885.34 kg/ha
Total Arboreal Biomass: 4.72 kg/ha
Total Terrestrial Biomass: 2880.63 kg/ha
Lichens Occurring with Enough Biomass to Serve as Food for Woodland Caribou: Bryoria spp.,
Cladonia arbuscula s. lat., Cladonia gracilis spp. turbinata., Cladonia rangiferina, Evernia mesomorpha,
Tuckermanopsis spp., Usnea spp.
474

Study Site 13
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Study Site 14
Management Unit: Iroquois Falls Forest North
Township: Tweed
Company Forest Unit (Ecosystem Type): SP1
Date of Last Harvest or Burn: 1984
Age Class: 21-30 years (1985)
Site Preparation Date: 1984
Site Preparation Details: Shear blade
Planting Date: 1985
Planting Details: Picea mariana
Herbicide Type and Application Date: Glyphosate, 1986
Herbicide Application Rate: 1.78 kg/ha
Herbicide Liquid Rate: 33.7 I/ha
Plot Tag Number and Location: 419 NE corner
UTMs at Plot Tag Number: E 0541286, N 5478384
OMNR Project Numbers: 203-84,204-85,208-86
Stand Assessment Date(s): July 24, 2008; July 15, 2009
Average Stand Height: 7.8m
Canopy Closure: 94.18% (± 0.43)
Tree Composition: Picea mariana 91%, Abies balsamea 6%, Betula papyrifera 2%, Populus tremuloides
2%
Live Tree Stem Density: 1042 stems/ha
Snag Stem Density: 2 stems/ha
Basal Area: 21.8 m2/ha
Total Stand Biomass: 2.75 kg/ha
Total Arboreal Biomass: 2.75 kg/ha
Total Terrestrial Biomass: 0.00 kg/ha
Lichens Occurring with Enough Biomass to Serve as Food for Woodland Caribou: Evernia
mesomorpha, Tuckermanopsis spp., Usnea spp.
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Study Site 15
Management Unit: Iroquois Falls Forest North
Township: Sangster
Company Forest Unit (Ecosystem Type): SP1
Date of Last Harvest or Burn: 1984
Age Class: 21-30 years (1986)
Site Preparation Date: 1985
Site Preparation Details: Shear blade
Planting Date: 1986
Planting Details: Picea mariana
Herbicide Type and Application Date: Glyphosate, 1987
Herbicide Application Rate: 1.78 kg/ha
Herbicide Liquid Rate: 17.0 I/ha
Plot Tag Number and Location: 420 NW corner
UTMs at Plot Tag Number: E 0538180, N 5466877
OMNR Project Numbers: need to rephotocopy for #'s
Stand Assessment Date(s): July 25, 2008; June 25, 2009
Average Stand Height: 7.2m
Canopy Closure: 82.19% (± 2.50)
Tree Composition: Picea mariana 76%, Abies balsamea 17%, Pinus banksiana 3%, Populus tremuloides
2%, Betula papyrifera 1%, Salix sp. 1%
Live Tree Stem Density: 1046 stems/ha
Snag Stem Density: 0 stems/ha
Basal Area: 17.3 m2/ha
Total Stand Biomass: 1490.58 kg/ha
Total Arboreal Biomass: 10.96 kg/ha
Total Terrestrial Biomass: 1479.63 kg/ha
Lichens Occurring with Enough Biomass to Serve as Food for Woodland Caribou: Bryoria spp.,
Cladonia arbuscula s. lat., Cladonia rangiferina, Evernia mesomorpha, Tuckermanopsis spp., Usnea
spp.
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Study Site 16
Management Unit: Iroquois Falls Forest North
Township: Marathon
Company Forest Unit (Ecosystem Type): SP1
Date of Last Harvest or Burn: 1967-68
Age Class: 31-40 years (1972)
Site Preparation Date: 1971
Site Preparation Details: Angled blades, bulldozed strips
Planting Date: 1972
Planting Details: Picea glauca, Picea mariana
Herbicide Type and Application Date: None
Herbicide Application Rate: None
Herbicide Liquid Rate: None
Plot Tag Number and Location: 426 SW corner
UTMs at Plot Tag Number: E 0547667, N 5416855
OMNR Project Numbers: 03-71,04-72
Stand Assessment Date(s): August 01, 2008; June 26, 2009
Average Stand Height: 7.0m
Canopy Closure: 86.46% (± 1.39)
Tree Composition: Picea mariana 99%, Pinus banksiana 1%
Live Tree Stem Density: 1154 stems/ha
Snag Stem Density: 6 stems/ha
Basal Area: 18 m2/ha
Total Stand Biomass: 1440.86 kg/ha
Total Arboreal Biomass: 9.61 kg/ha
Total Terrestrial Biomass: 1431.25 kg/ha
Lichens Occurring with Enough Biomass to Serve as Food for Woodland Caribou: Bryoria spp.,
Cladonia arbuscula s. lat., Cladonia rangiferina, Cladonia stellaris, Cladonia stygia, Cladonia gracilis
ssp. turbinata, Evernia mesomorpha, Tuckermanopsis spp., Usnea spp.
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Study Site 17
Management Unit: Iroquois Falls Forest North
Township: Dempsey
Company Forest Unit (Ecosystem Type): SP1
Date of Last Harvest or Burn: 1967
Age Class: 41-50 years (1967)
Site Preparation Date: 1967
Site Preparation Details: Minimal slash
Planting Date: 1967
Planting Details: hoes - Picea mariana, Pinus banksiana
Herbicide Type and Application Date: None
Herbicide Application Rate: None
Herbicide Liquid Rate: None
Plot Tag Number and Location: 424 SE corner
UTMs at Plot Tag Number: E 0530128, N 5435360
OMNR Project Numbers: 1T-67
Stand Assessment Date(s): August 02, 2008; June 27, 2009
Average Stand Height: 7.1m
Canopy Closure: 76.30% (± 2.09)
Tree Composition: Picea mariana 72%, Pinus banksiana 28%
Live Tree Stem Density: 1334 stems/ha
Snag Stem Density: 8 stems/ha
Basal Area: 14 m2/ha
Total Stand Biomass: 7920.98 kg/ha
Total Arboreal Biomass: 5.48 kg/ha
Total Terrestrial Biomass: 7915.5 kg/ha
Lichens Occurring with Enough Biomass to Serve as Food for Woodland Caribou: Bryoria spp.,
Cladonia arbuscula s. lat., Cladonia gracilis spp. turbinata, Cladonia rangiferina, Cladonia stellaris,
Cladonia stygia, Cladonia uncialis, Evernia mesomorpha, Tuckermanopsis spp., Usnea spp.
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Study Site 18
Management Unit: Iroquois Falls Forest North
Township: Findlay
Company Forest Unit (Ecosystem Type): SP1
Date of Last Harvest or Burn: 1959
Age Class: 41-50 years (1967)
Site Preparation Date: No record
Site Preparation Details: No record
Planting Date: 1967
Planting Details: Picea mariana
Herbicide Type and Application Date: None
Herbicide Application Rate: None
Herbicide Liquid Rate: None
Plot Tag Number and Location: 408 NE corner
UTMs at Plot Tag Number: E 0548504, N 5432264
OMNR Project Numbers: 2T-67
Stand Assessment Date(s): August 02, 2008; July 13, 2009
Average Stand Height: 8.1m
Canopy Closure: 67.64% (± 1.69)
Tree Composition: Pinus banksiana 62%, Picea mariana 37%, Betula papyrifera 2%
Live Tree Stem Density: 838 stems/ha
Snag Stem Density: 8 stems/ha
Basal Area: 19.2 m2/ha
Total Stand Biomass: 7889.21 kg/ha
Total Arboreal Biomass: 6.62 kg/ha
Total Terrestrial Biomass: 7882.59 kg/ha
Lichens Occurring with Enough Biomass to Serve as Food for Woodland Caribou: Bryoria spp.,
Cladonia arbuscula s. lat., Cladonia gracilis spp. turbinata, Cladonia rangiferina, Cladonia stellaris,
Cladonia stygia, Evernia mesomorpha, Tuckermanopsis spp., Usnea spp.
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Study Site 20
Management Unit: Iroquois Falls Forest North
Township: Kenning
Company Forest Unit (Ecosystem Type): SP1
Date of Last Harvest or Burn: 1979-82
Age Class: 21-30 years (1984)
Site Preparation Date: 1984
Site Preparation Details: Shear blade
Planting Date: 1985
Planting Details: Picea mariana
Herbicide Type and Application Date: Glyphosate, 1986
Herbicide Application Rate: 1.78 kg/ha
Herbicide Liquid Rate: 33.7 I/ha
Plot Tag Number and Location: 468 N corner
UTMs at Plot Tag Number: E 0579048, N 5454180
OMNR Project Numbers: 221-84,222-85,226-86
Stand Assessment Date(s): August 03, 2008; July 03, 2009
Average Stand Height: 7.5m
Canopy Closure: 84.90% (± 1.83)
Tree Composition: Picea mariana 72%, Salix sp. 12%, Abies balsamea 3%, Picea Glauca
2%,
Live Tree Stem Density: 914 stems/ha
Snag Stem Density: 0 stems/ha
Basal Area: 16.3 m2/ha
Total Stand Biomass: 131.67 kg/ha
Total Arboreal Biomass: 0.42 kg/ha
Total Terrestrial Biomass: 131.25 kg/ha
Lichens Occurring with Enough Biomass to Serve as Food for Woodland Caribou:
Cladonia arbuscula s. lat., Cladonia rangiferina, Tuckermanopsis spp.
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Study Site 21
Management Unit: Iroquois Falls Forest North
Township: Kenning
Company Forest Unit (Ecosystem Type): SP1
Date of Last Harvest or Burn: 1980-81
Age Class: 21-30 years (1983)
Site Preparation Date: 1983
Site Preparation Details: Shear blade
Planting Date: 1983
Planting Details: Picea mariana
Herbicide Type and Application Date: Glyphosate, 1985
Herbicide Application Rate: 1.43 kg/ha
Herbicide Liquid Rate: 33.8 I/ha
Plot Tag Number and Location: 475 NE corner
UTMs at Plot Tag Number: E 0578435, N 5457799
OMNR Project Numbers: 214-82, 215-82, 223-85
Stand Assessment Date(s): August 03, 2008; July 03, 2009
Average Stand Height: 7.4m
Canopy Closure: 84.29% (± 1.06 )

Tree Composition: Picea mariana 85%, Abies balsamea 15%
Live Tree Stem Density: 795 stems/ha
Snag Stem Density: 1 stems/ha
Basal Area: 17 m2/ha
Total Stand Biomass: 1.28 kg/ha
Total Arboreal Biomass: 1.28 kg/ha
Total Terrestrial Biomass: 0.00 kg/ha
Lichens Occurring with Enough Biomass to Serve as Food for Woodland Caribou: Cladonia
arbuscula s. lat., Evernia mesomorpha, Tuckermanopsis spp.
488

Study Site 21

489

Study Site 22
Management Unit: Iroquois Falls Forest North
Township: Bragg
Company Forest Unit (Ecosystem Type): SP1
Date of Last Harvest or Burn: 1979-83
Age Class: 21-30 years (1984)
Site Preparation Date: 1983
Site Preparation Details: Shear blade
Planting Date: 1984
Planting Details: Picea mariana
Herbicide Type and Application Date: None
Herbicide Application Rate: None
Herbicide Liquid Rate: None
Plot Tag Number and Location: 464 SE corner
UTMs at Plot Tag Number: E 0541787, N 5475935
OMNR Project Numbers: 230-83
Stand Assessment Date(s): August 04, 2008; July 15, 2009
Average Stand Height: 6.2m
Canopy Closure: 31.75% (± 3.86)
Tree Composition: Picea mariana 98%, Abies balsamea 2%
Live Tree Stem Density: 605 stems/ha
Snag Stem Density: 0 stems/ha
Basal Area: 7.5 m2/ha
Total Stand Biomass: 3419.81 kg/ha
Total Arboreal Biomass: 3.25 kg/ha
Total Terrestrial Biomass: 3415.81 kg/ha
Lichens Occurring with Enough Biomass to Serve as Food for Woodland Caribou: Bryoria spp.,
Cladonia arbuscula s. lat., Cladonia rangiferina, Cladonia stygia, Evernia mesomorpha, Tuckermanopsis
spp., Usnea spp.
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Study Site 23
Management Unit: Iroquois Falls Forest North
Township: Tweed
Company Forest Unit (Ecosystem Type): SP1
Date of Last Harvest or Burn: 100+ years
Age Class: 101-140 years
Site Preparation Date: none
Site Preparation Details: none
Planting Date: none
Planting Details: none
Herbicide Type and Application Date: None
Herbicide Application Rate: None
Herbicide Liquid Rate: None
Plot Tag Number and Location: 470 NW corner
UTMs at Plot Tag Number: E 0542005, N 5479154
OMNR Project Numbers: None
Stand Assessment Date(s): August 04, 2008; July 10, 2009
Average Stand Height: 7.5m
Canopy Closure: 84.90% (± 1.32)
Tree Composition: Picea mariana 81%, Populus tremuloides 16%, Larix laricina 1%, Populus
balsamifera 1%
Live Tree Stem Density: 662 stems/ha
Snag Stem Density: 179 stems/ha
Basal Area: 28.8 m2/ha
Total Stand Biomass: 1050.25 kg/ha
Total Arboreal Biomass: 2.56 kg/ha
Total Terrestrial Biomass: 1047.69 kg/ha
Lichens Occurring with Enough Biomass to Serve as Food for Woodland Caribou: Bryoria spp.,
Cladonia stellaris, Cladonia stygia, Evernia mesomorpha, Tuckermanopsis spp., Usnea spp.
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Study Site 24
Management Unit: Iroquois Falls Forest North
Township: Blakelock
Company Forest Unit (Ecosystem Type): SP1
Date of Last Harvest or Burn: No record
Age Class: 21-30 years (1988)
Site Preparation Date: No record
Site Preparation Details: No record
Planting Date: 1988
Planting Details: Picea mariana
Herbicide Type and Application Date: None
Herbicide Application Rate: None
Herbicide Liquid Rate: None
Plot Tag Number and Location: 471 NW corner
UTMs at Plot Tag Number: E 0552374, N 5489048
OMNR Project Numbers: 201-88
Stand Assessment Date(s): August 04, 2008; June 30, 2009
Average Stand Height: 4.1m
Canopy Closure: 9.47% (± 1.68)
Tree Composition: Picea mariana 91%, Populus tremuloides 9%
Live Tree Stem Density: 726 stems/ha
Snag Stem Density: 0 stems/ha
Basal Area: 4.3 m2/ha
Total Stand Biomass: 2805.51 kg/ha
Total Arboreal Biomass: 1.07 kg/ha
Total Terrestrial Biomass: 2804.44 kg/ha
Lichens Occurring with Enough Biomass to Serve as Food for Woodland Caribou: Cladonia gracillis
ssp. turbinata, Cladonia arbuscula s. lat., Cladonia rangiferina, Cladonia stygia, Evernia mesomorpha
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495

Study Site 25
Management Unit: Iroquois Falls Forest North
Township: Freele
Company Forest Unit (Ecosystem Type): SP1
Date of Last Harvest or Burn: No record
Age Class: 41-50 years (1969)
Site Preparation Date: No record
Site Preparation Details: No record
Planting Date: 1969
Planting Details: Pinus banksiana
Herbicide Type and Application Date: None
Herbicide Application Rate: None
Herbicide Liquid Rate: None
Plot Tag Number and Location: 474 NE corner
UTMs at Plot Tag Number: E 0540589, N 5443356
OMNR Project Numbers: 11-69
Stand Assessment Date(s): August 05, 2008; July 16, 2009
Average Stand Height: 10.5m
Canopy Closure: 59.92% (± 3.35)
Tree Composition: Picea mariana 72%, Pinus banksiana 27%, Abies balsamea 1%
Live Tree Stem Density: 913 stems/ha
Snag Stem Density: 31 stems/ha
Basal Area: 19.8 m2/ha
Total Stand Biomass: 9053.60 kg/ha
Total Arboreal Biomass: 13.6 kg/ha
Total Terrestrial Biomass: 9040 kg/ha
Lichens Occurring with Enough Biomass to Serve as Food for Woodland Caribou: Bryoria spp.,
Cladonia rangiferina, Cladonia stellaris, Cladonia stygia, Evernia mesomorpha, Usnea spp.
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497

Study Site 26
Management Unit: Iroquois Falls Forest North
Township: Steele
Company Forest Unit (Ecosystem Type): SP1
Date of Last Harvest or Burn: 100+ years
Age Class: 101-140 years
Site Preparation Date: none
Site Preparation Details: none
Planting Date: none
Planting Details: none
Herbicide Type and Application Date: None
Herbicide Application Rate: None
Herbicide Liquid Rate: None
Plot Tag Number and Location: 473 SW corner
UTMs at Plot Tag Number: E 0580438, N 5428694
OMNR Project Numbers: None
Stand Assessment Date(s): August 06, 2008; July 03, 2009
Average Stand Height: 10.4m
Canopy Closure: 68.85% (± 2.19)
Tree Composition: Picea mariana 63%, Pinus banksiana 25%, Betula papyrifera 8%, Abies balsamea
2%, Populus tremuloides 1%,
Live Tree Stem Density: 179 stems/ha
Snag Stem Density: 35 stems/ha
Basal Area: 13.8 m2/ha
Total Stand Biomass: 8119.84 kg/ha
Total Arboreal Biomass: 4.59 kg/ha
Total Terrestrial Biomass: 8115.25 kg/ha
Lichens Occurring with Enough Biomass to Serve as Food for Woodland Caribou: Bryoria spp.,
Cladonia arbuscula s. lat., Cladonia rangiferina, Cladonia stellaris, Cladonia stygia, Cladonia uncialis,
Evernia mesomorpha, Tuckermanopsis spp., Usnea spp.
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499

Study Site 27
Management Unit: Iroquois Falls Forest North
Township: Thorning
Company Forest Unit (Ecosystem Type): SP1
Date of Last Harvest or Burn: 1982 Burn
Age Class: 21-30 years
Site Preparation Date: none
Site Preparation Details: none
Planting Date: none
Planting Details: none
Herbicide Type and Application Date: None
Herbicide Application Rate: None
Herbicide Liquid Rate: None
Plot Tag Number and Location: 469 SW corner
UTMs at Plot Tag Number: E 0507910, N 5475556
OMNR Project Numbers: 1982 Fire Records, COC-8
Stand Assessment Date(s): August 07, 2008; June 29, 2009
Average Stand Height: 6.6m
Canopy Closure: 74.54% (± 2.61)
Tree Composition: Picea mariana 100%
Live Tree Stem Density: 679 stems/ha
Snag Stem Density: 0 stems/ha
Basal Area: 15.8 m2/ha
Total Stand Biomass: 3419.63 kg/ha
Total Arboreal Biomass: 7.13 kg/ha
Total Terrestrial Biomass: 3412.5 kg/ha
Lichens Occurring with Enough Biomass to Serve as Food for Woodland Caribou: Bryoria spp.,
Cladonia arbuscula s. lat., Cladonia rangiferina, Evernia mesomorpha, Tuckermanopsis spp., Usnea
spp.
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Study Site 28
Management Unit: Iroquois Falls Forest North
Township: no Twp, Block 55549
Company Forest Unit (Ecosystem Type): SF1
Date of Last Harvest or Burn: No record
Age Class: 51-60 years
Site Preparation Date: none
Site Preparation Details: none
Planting Date: none
Planting Details: none
Herbicide Type and Application Date: None
Herbicide Application Rate: None
Herbicide Liquid Rate: None
Plot Tag Number and Location: 463 SW corner
UTMs at Plot Tag Number: E 0552794, N 5503256
OMNR Project Numbers: None
Stand Assessment Date(s): August 09, 2008; June 28, 2009
Average Stand Height: 10.6m
Canopy Closure: 65.06% (± 2.78)
Tree Composition: Picea mariana 79%, Abies balsamea 14%, Betula papyrifera 7%
Live Tree Stem Density: 628 stems/ha
Snag Stem Density: 29 stems/ha
Basal Area: 17.7 m2/ha
Total Stand Biomass: 273.56 kg/ha
Total Arboreal Biomass: 11.06 kg/ha
Total Terrestrial Biomass: 262.5 kg/ha
Lichens Occurring with Enough Biomass to Serve as Food for Woodland Caribou: Bryoria spp.,
Cladonia arbuscula s. lat., Cladonia rangifernia, Evernia mesomorpha, Usnea spp.
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Study Site 29
Management Unit: Iroquois Falls Forest North
Township: no Twp, Block 55549
Company Forest Unit (Ecosystem Type): SF1
Date of Last Harvest or Burn: 1988 Burn
Age Class: 21-30 years
Site Preparation Date: none
Site Preparation Details: none
Planting Date: none
Planting Details: none
Herbicide Type and Application Date: None
Herbicide Application Rate: None
Herbicide Liquid Rate: None
Plot Tag Number and Location: 465 NW corner
UTMs at Plot Tag Number: E 0552692, N 5502328
OMNR Project Numbers: 1988 Fire Records, COC-3
Stand Assessment Date(s): August 09, 2008; June 28, 2009
Average Stand Height: 5.5m
Canopy Closure: 38.86% (± 3.37)
Tree Composition: Picea mariana 84%, Betula papyrifera 8%, Abies balsamea 4%, Pinus banksiana 4%
Live Tree Stem Density: 442 stems/ha
Snag Stem Density: 16 stems/ha
Basal Area: 4.7 m2/ha
Total Stand Biomass: 1432.63 kg/ha
Total Arboreal Biomass: 0.7 kg/ha
Total Terrestrial Biomass: 1431.94 kg/ha
Lichens Occurring with Enough Biomass to Serve as Food for Woodland Caribou: Bryoria ssp.,
Cladonia arbuscula s. lat., Cladonia rangiferina, Evernia mesomorpha, Tuckermanopsis spp., Usnea
spp.
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Study Site 30
Management Unit: Iroquois Falls Forest North
Township: Bragg
Company Forest Unit (Ecosystem Type): SP1
Date of Last Harvest or Burn: 1979-84
Age Class: 21-30 years (1984)
Site Preparation Date: 1983
Site Preparation Details: nothing done
Planting Date: 1984
Planting Details: Picea mariana, Pinus banksiana
Herbicide Type and Application Date: None
Herbicide Application Rate: None
Herbicide Liquid Rate: None
Plot Tag Number and Location: 466 NE corner
UTMs at Plot Tag Number: E 0551947, N 5465514
OMNR Project Numbers: 231-84, 232-84
Stand Assessment Date(s): August 09, 2008; July 06, 2009
Average Stand Height: 6.7m
Canopy Closure: 75.63% (± 1.50)
Tree Composition: Picea mariana 92%, Populus tremuloides 5%, Abies balsamea 3%
Live Tree Stem Density: 641 stems/ha
Snag Stem Density: 0 stems/ha
Basal Area: 12.5 m2/ha
Total Stand Biomass: 3554.17 kg/ha
Total Arboreal Biomass: 4.8 kg/ha
Total Terrestrial Biomass: 3549.38 kg/ha
Lichens Occurring with Enough Biomass to Serve as Food for Woodland Caribou: Bryoria spp.,
Cladonia arbuscula s. lat., Cladonia rangiferina, Cladonia stygia, Evernia mesomorpha,
Tuckermanopsis spp., Usnea spp.
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Study Site 31
Management Unit: Iroquois Falls Forest North
Township: Stimson
Company Forest Unit (Ecosystem Type): SP1
Date of Last Harvest or Burn: No record
Age Class: 51-60 years
Site Preparation Date: none
Site Preparation Details: none
Planting Date: none
Planting Details: none
Herbicide Type and Application Date: None
Herbicide Application Rate: None
Herbicide Liquid Rate: None
Plot Tag Number and Location: 461 SW corner
UTMs at Plot Tag Number: E 0530339, N 5430871
OMNR Project Numbers: None
Stand Assessment Date(s): August 10, 2008; July 11, 2009
Average Stand Height: 5.0m
Canopy Closure: 70.41% (± 1.58)
Tree Composition: Picea mariana 65%, Pinus banksiana 35%
Live Tree Stem Density: 465 stems/ha
Snag Stem Density: 7 stems/ha
Basal Area: 14.7 m2/ha
Total Stand Biomass: 9676.55 kg/ha
Total Arboreal Biomass: 9.4 kg/ha
Total Terrestrial Biomass: 9667.16 kg/ha
Lichens Occurring with Enough Biomass to Serve as Food for Woodland Caribou: Bryoria ssp.,
Cladonia arbuscula s. lat., Cladonia rangiferina, Cladonia stellaris, Cladonia stygia, Cladonia uncialis,
Evernia mesomorpha.
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509

Study Site 32
Management Unit: Cochrane Management Unit
Township: Marven
Company Forest Unit (Ecosystem Type): SP1/SF1
Date of Last Harvest or Burn: 1976 Burn
Age Class: 31-40 years
Site Preparation Date: none
Site Preparation Details: none
Planting Date: none
Planting Details: none
Herbicide Type and Application Date: None
Herbicide Application Rate: None
Herbicide Liquid Rate: None
Plot Tag Number and Location: 304 NW corner
UTMs at Plot Tag Number: E 0486576, N 5466756
OMNR Project Numbers: 1976 Digital Fire Record Only
Stand Assessment Date(s): August 11, 2008; July 04, 2009
Average Stand Height: 5.0m
Canopy Closure: 32.43% (± 3.16)
Tree Composition: Picea mariana 72%, Abies balsamea 28%
Live Tree Stem Density: 891 stems/ha
Snag Stem Density: 1 stems/ha
Basal Area: 9.5 m2/ha
Total Stand Biomass: 4955.7 kg/ha
Total Arboreal Biomass: 1.01 kg/ha
Total Terrestrial Biomass: 4954.69 kg/ha
Lichens Occurring with Enough Biomass to Serve as Food for Woodland Caribou: Bryoria spp.,
Cladonia arbuscula s. lat., Cladonia gracilis spp. turbinata, Cladonia rangiferina, Evernia mesomorpha,
Tuckermanopsis spp., Usnea spp.
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Study Site 34
Management Unit: Cochrane Management Unit
Township: Leitch
Company Forest Unit (Ecosystem Type): SP1/SF1
Date of Last Harvest or Burn: 1968 Burn
Age Class: 31-40 years
Site Preparation Date: none
Site Preparation Details: none
Planting Date: none
Planting Details: none
Herbicide Type and Application Date: None
Herbicide Application Rate: None
Herbicide Liquid Rate: None
Plot Tag Number and Location: 306 NW corner
UTMs at Plot Tag Number: E 0493158, N 5460511
OMNR Project Numbers: 1968 Fire Records, COC-9
Stand Assessment Date(s): August 13, 2008; July 04, 2009
Average Stand Height: 10.7m
Canopy Closure: 68.79% (± 1.59)
Tree Composition: Picea mariana 100%
Live Tree Stem Density: 1225 stems/ha
Snag Stem Density: 35 stems/ha
Basal Area: 24.5 m2/ha
Total Stand Biomass: 532.99 kg/ha
Total Arboreal Biomass: 7.99 kg/ha
Total Terrestrial Biomass: 525 kg/ha
Lichens Occurring with Enough Biomass to Serve as Food for Woodland Caribou:, Bryoria spp.,
Cladonia arbuscula s. lat., Cladonia rangiferina, Evernia mesomorpha, Tuckermanopsis spp., Usnea
spp.
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Study Site 35
Management Unit: Iroquois Falls Forest North
Township: Potter
Company Forest Unit (Ecosystem Type): SF1
Date of Last Harvest or Burn: No record
Age Class: 51-60 years
Site Preparation Date: none
Site Preparation Details: none
Planting Date: none
Planting Details: none
Herbicide Type and Application Date: None
Herbicide Application Rate: None
Herbicide Liquid Rate: None
Plot Tag Number and Location: 308 NE corner
UTMs at Plot Tag Number: E 0519516, N 5471477
OMNR Project Numbers: None
Stand Assessment Date(s): August 14, 2008; July 01, 2009
Average Stand Height: 14.6m
Canopy Closure: 84.16% (± 0.88)
Tree Composition: Abies balsamea 37%, Picea mariana 24%, Betula papyrifera 22%, Pinus banksiana
18%, Populus tremuloides 1%,
Live Tree Stem Density: 226 stems/ha
Snag Stem Density: 62 stems/ha
Basal Area: 17 m2/ha
Total Stand Biomass: 3.4 kg/ha
Total Arboreal Biomass: 3.4 kg/ha
Total Terrestrial Biomass: 0.00 kg/ha
Lichens Occurring with Enough Biomass to Serve as Food for Woodland Caribou: Bryoria spp.,
Evernia mesomorpha, Tickermanopsis spp., Usnea spp.
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Study Site 36
Management Unit: Iroquois Falls Forest North
Township: Heighington
Company Forest Unit (Ecosystem Type): SP1
Date of Last Harvest or Burn: No record
Age Class: 51-60 years
Site Preparation Date: none
Site Preparation Details: none
Planting Date: none
Planting Details: none
Herbicide Type and Application Date: None
Herbicide Application Rate: None
Herbicide Liquid Rate: None
Plot Tag Number and Location: 318 NE corner
UTMs at Plot Tag Number: E 0525587, N 5455183
OMNR Project Numbers: None
Stand Assessment Date(s): August 14, 2008; July 08, 2009
Average Stand Height: 11.3m
Canopy Closure: 90.79% (± 0.50)
Tree Composition: Picea mariana 64%, Populus tremuloides 11%, Abies balsamea 25%
Live Tree Stem Density: 466 stems/ha
Snag Stem Density: 62 stems/ha
Basal Area: 29.3 m2/ha
Total Stand Biomass: 2.69 kg/ha
Total Arboreal Biomass: 2.69 kg/ha
Total Terrestrial Biomass: 0.00 kg/ha
Lichens Occurring with Enough Biomass to Serve as Food for Woodland Caribou: Evernia
mesomorpha, Usnea spp.

516

Study Site 36

517

Study Site 37
Management Unit: Iroquois Falls Forest North
Township: Marathon
Company Forest Unit (Ecosystem Type): SP1
Date of Last Harvest or Burn: No record
Age Class: 51-60 years
Site Preparation Date: none
Site Preparation Details: none
Planting Date: none
Planting Details: none
Herbicide Type and Application Date: None
Herbicide Application Rate: None
Herbicide Liquid Rate: None
Plot Tag Number and Location: 313 NE corner
UTMs at Plot Tag Number: E 0545845, N 5419674
OMNR Project Numbers: None
Stand Assessment Date(s): August 16, 2008; June 26, 2009
Average Stand Height: 7.3m
Canopy Closure: 66.96% (± 2.20)
Tree Composition: Picea mariana 69%, Pinus banksiana 31%
Live Tree Stem Density: 776 stems/ha
Snag Stem Density: 1 stems/ha
Basal Area: 16 m2/ha
Total Stand Biomass: 8643.63 kg/ha
Total Arboreal Biomass: 8.98 kg/ha
Total Terrestrial Biomass: 8634.66 kg/ha
Lichens Occurring with Enough Biomass to Serve as Food for Woodland Caribou: Bryoria spp.,
Cladonia gracillis ssp. turbinata, Cladonia arbuscula s. lat., Cladonia rangiferina, Cladonia stellaris,
Cladonia stygia, Cladonia uncialis, Evernia mesomorpha, Tuckermanopsis spp., Usnea spp.
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Study Site 38

Management Unit: Iroquois Falls Forest North
Age Class: 21-30
Site Details: Planted, 1987
Herbicide Type and Application Date: Glyphosate, 1991
Coordinates (UTMs): E 0694343, N 5507946
Stand Assessment Date(s): July 25, 2009
Average Stand Height: 8.7m
Canopy Closure: 63.30% (± 1.64)
Live Tree Stem Density: 861 stems/ha
Snag Stem Density: 78 stems/ha
Basal Area: 22.5 m2/ha
Tree Composition: Pinus banksiana 99%, Picea mariana 1%
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Study Site 39
Management Unit: Spruce River Forest
Age Class: 21-30
Site Details: Planted
Herbicide Application: None
Coordinates (UTMs): E 0692996, N 5505565
Stand Assessment Date(s): July 25, 2009
Average Stand Height: 14.5m
Canopy Closure: 84.70% (± 0.72)
Live Tree Stem Density: 883 stems/ha
Snag Stem Density: 61 stems/ha
Basal Area: 29.8 m2/ha
Tree Composition: Pinus banksiana 80%,
Betula papyrifera 12%, Populus tremuloides 5%,
Picea mariana 2%, Fraxinus sp. 1%
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Study Site 40
Management Unit: Spruce River Forest
Age Class: 21-30
Planting Details: Planted
Herbicide Application: Glyphosate
Coordinates (UTMs): E 0692884, N 5505300
Stand Assessment Date(s): July 25, 2009
Average Stand Height: 10.9m
Canopy Closure: 77.93% (± 0.48)
Live Tree Stem Density: 1309 stems/ha
Snag Stem Density: 452 stems/ha
Basal Area: 33.5 m2/ha
Tree Composition: Pinus banksiana 95%,
Picea mariana 5%, Populus tremuloides 1%
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Study Site 41
Management Unit: Spruce River Forest
Age Class: 21-30
Site Details: Planted
Herbicide Type and Application Date: Glyphosate, 1990
Coordinates (UTMs): E 0694747, N 5518868
Stand Assessment Date(s): July 26, 2009
Average Stand Height: 8.1m
Canopy Closure: 69.46% (± 2.31)
Live Tree Stem Density: 1872 stems/ha
Snag Stem Density: 167 stems/ha
Basal Area: 25.7 m2/ha
Tree Composition: Pinus banksiana 81%,
Picea mariana 11%, Betula papyrifera 6%,
Abies balsamea 3%
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Study Site 42
Management Unit: English River Forest
Age Class: >80 years old
Herbicide Application: None
Coordinates (UTMs): E 0632925, N 5530648
Stand Assessment Date(s): July 28, 2009
Average Stand Height: 17.1m
Canopy Closure: 86.46% (± 0.24)
Live Tree Stem Density: 536 stems/ha
Snag Stem Density: 148 stems/ha
Basal Area: 29.3 m2/ha
Tree Composition: Pinus banksiana 31%,
Picea mariana 20%, Betula papyrifera 16%,
Thuja occidentalis 14%, Picea glauca 7%,
Populus tremuloides 7%, Abies balsamea 5%
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Study Site 43
Management Unit: English River Forest
Age Class: 21-30
Site Details: Burned, natural regeneration
Herbicide Application: None
Coordinates (UTMs): E 0638848, N 5537826
Stand Assessment Date(s): July 28, 2009
Average Stand Height: 12.1m
Canopy Closure: 82.94% (± 0.61)
Live Tree Stem Density: 1508 stems/ha
Snag Stem Density: 93 stems/ha
Basal Area: 33.7 m2/ha
Tree Composition: Pinus banksiana 64%,
Populus tremuloides 18%, Picea mariana 14%,
Betula papyrifera 6%
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Study Site 44
Management Unit: English River Forest
Age Class: >80 years old
Site Details: Not planted
Herbicide Application: None
Coordinates (UTMs): E 0640376, N 5539905
Stand Assessment Date(s): July 28, 2009
Average Stand Height: 12.2m
Canopy Closure: 72.38% (± 1.21)
Live Tree Stem Density: 632 stems/ha
Snag Stem Density: 61 stems/ha
Basal Area: 18.5 m2/ha
Tree Composition: Picea mariana 77%,
Abies balsamea 8%, Betula papyrifera 7%,
Thuja occidentalis 7%
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Study Site 45
Management Unit: English River Forest
Age Class: 21-30
Site Details: Planted
Herbicide Application: Glyphosate
Coordinates (UTMs): E 0639880, N 5520214
Stand Assessment Date(s): July 30, 2009
Average Stand Height: 7.7m
Canopy Closure: 51.79% (± 3.43)
Live Tree Stem Density: 994 stems/ha
Snag Stem Density: 3 stems/ha
Basal Area: 12 m2/ha
Tree Composition: Picea mariana 61%,
Picea glauca 18%, Abies balsamea 13%,
Acer rubrum 6%, Betula papyrifera 3%
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Study Site 46
Management Unit: English River Forest
Age Class: 21-30
Site Details: Planted
Herbicide Application: None
Coordinates (UTMs): E 0640138, N 5521661
Stand Assessment Date(s): July 30, 2009
Average Stand Height: 7.5m
Canopy Closure: 72.65% (± 1.63)
Live Tree Stem Density: 1112 stems/ha
Snag Stem Density: 0 stems/ha
Basal Area: 16.3 m2/ha
Tree Composition: Picea mariana 65%,
Populus tremuloides 12%, Pinus banksiana 11%,
Betula papyrifera 10%, Abies balsamea 1%
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Study Site 48
Management Unit: English River Forest
Age Class: 31-40
Site Details: Burned, 1976, natural regeneration
Herbicide Application: None
Coordinates (UTMs): E 0645551, N 5497997
Stand Assessment Date(s): August 2, 2009
Average Stand Height: 8.7m
Canopy Closure: 61.54% (± 1.54)
Live Tree Stem Density: 2509 stems/ha
Snag Stem Density: 100 stems/ha
Basal Area: 19.7 m2/ha
Tree Composition: Pinus banksiana 86%,
Picea mariana 14%
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Study
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Site 49
Management Unit: English River Forest
Age Class: 31-40
Site Details: Burned, 1976, natural regeneration
Herbicide Application: None
Coordinates (UTMs): E 0646128, N 5495998
Stand Assessment Date(s): August 2, 2009
Average Stand Height: 11m
Canopy Closure: 85.24% (± 0.68)
Live Tree Stem Density: 1021 stems/ha
Snag Stem Density: 633 stems/ha
Basal Area: 22.5 m2/ha
Tree Composition: Pinus banksiana 89%,
Populus tremuloides 11%
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Study Site 50
Management Unit: English River Forest
Age Class: 21-30
Site Details: Planted
Herbicide Application: Glyphosate
Coordinates (UTMs): E 0602990, N 5528935
Stand Assessment Date(s): August 3, 2009
Average Stand Height: 11.1m
Canopy Closure: 85.85% (± 0.99)
Live Tree Stem Density: 750 stems/ha
Snag Stem Density: 4 stems/ha
Basal Area: 23.7 m2/ha
Tree Composition: Pinus banksiana 89%,
Picea mariana 5%, Betula papyrifera 3%,
Picea glauca 2%, Abies balsamea 1%
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Study Site 51
Management Unit: English River Forest
Age Class: 21-30
Site Details: Planted
Herbicide Application: None
Coordinates (UTMs): E 0601946, N 5529068
Stand Assessment Date(s): August 3, 2009
Average Stand Height: 8.8m
Canopy Closure: 86.80% (± 0.53)
Live Tree Stem Density: 2097 stems/ha
Snag Stem Density: 36 stems/ha
Basal Area: 30.2 m2/ha
Tree Composition: Picea mariana 51%,
Pinus banksiana 45%, Populus tremuloides 3%,
Betula papyrifera 1%
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545

Study Site 52
Management Unit: English River Forest
Age Class: 21-30
Site Details: Planted
Herbicide Application: None
Coordinates (UTMs): E 0622007, N 5479239
Stand Assessment Date(s): August 3, 2009
Average Stand Height: 10.5m
Canopy Closure: 79.69% (± 48)
Live Tree Stem Density: 1078 stems/ha
Snag Stem Density: 73 stems/ha
Basal Area: 23 m2/ha
Tree Composition: Pinus banksiana 87%,
Betula papyrifera 8%, Picea mariana 4%,
Abies balsamea 1%
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Study Site 53
Management Unit: English River Forest
Age Class: 21-30
Site Details: Planted
Herbicide Application: None
Coordinates (UTMs): E 0624631, N 5484931
Stand Assessment Date(s): August 3, 2009
Average Stand Height: 9m
Canopy Closure: 73.59% (± 2.03)
Live Tree Stem Density: 1075 stems/ha
Snag Stem Density: None stems/ha
Basal Area: 22.7 m2/ha\
Tree Composition: Picea mariana 56%,
Pinus banksiana 44%
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Study Site 54
Management Unit: Spruce River Forest
Age Class: 21-30
Site Details: Burned, natural regeneration
Herbicide Application: None
Coordinates (UTMs): E 0693593, N 5492142
Stand Assessment Date(s): August 4, 2009
Average Stand Height: 10.6m
Canopy Closure: 72,24% (± 0.65)
Live Tree Stem Density: 3620 stems/ha
Snag Stem Density: 523 stems/ha
Basal Area: 36.3 m2/ha
Tree Composition: Pinus banksiana 94%,
Betula papyrifera 6%, Populus tremuloides 1%
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Study Site 55
Management Unit: Spruce River Forest
Age Class: 21-30
Site Details: Burned, natural regeneration
Herbicide Application: None
Coordinates (UTMs): E 0689526, N 5493263
Stand Assessment Date(s): August 5, 2009
Average Stand Height: 15.6m
Canopy Closure: 72.65% (± 1.00)
Live Tree Stem Density: 872 stems/ha
Snag Stem Density: 408 stems/ha
Basal Area: 42.3 m2/ha
Tree Composition: Pinus banksiana 87%,
Populus tremuloides 13%
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