The Lichenologist 46(5): 697-709 (2014) © British Lichen Society, 2014
doi:10.1017/S002428291400022X

Lichen communities in two old-growth pine (Pinus) forests
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Abstract: Many lichen species have specific environmental requirements for colonization. Old-
growth forests contain microhabitats required by a particular suite of lichens. In Ontario, Canada,
old-growth forests are increasingly uncommon and the lichen communities within some of these
forests are not well known. To better understand the lichen communities that inhabit old-growth
forests in the province, we examined the lichen biota on coarse woody debris (CWD) and trees in a
red pine (Pinus resinosa) and a white pine (Pinus strobus) dominated stand in northern Ontario. Lichen
diversity was assessed on different forms of CWD and trees in each forest. Lichen diversity did not
differ significantly between CWD types in the red pine forest, but was significantly different in the
white pine forest. There was no significant difference in lichen diversity amongst different decay
stages of CWD in either forest. In both forests, lichen communities on stumps, logs, and snags
differed from lichen communities present on trees. A variety of CWD types is important for overall
lichen species richness in the red pine forest. Our results demonstrate to land managers that different
types of old-growth forests are ecologically unique, even those dominated by tree species in the same
genus. Management of an old-growth forest should suit its individual ecology.
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Introduction tions of lichens in forest ecosystems include
decomposition and nitrogen fixation (Pike
1978; Knops er al. 1991; Nash 2008), and
providing food and nesting materials for
mammals (Hayward & Rosentreter 1994;
Terry et al. 2000). The high levels of CWD
within old-growth forests (Harmon et al.
1986; Spies ez al. 1988; Siitonen ez al. 2000)
represent important habitat for lichen com-
munities (Harmon ez al. 1986; Samuelsson
et al. 1994; Kruys et al. 1999).

Due to temporal and spatial variability in
individual tree mortality, old-growth forests
generally have a relatively even distribution
of CWD decay stages, and diameter sizes
(Jonsson 2000). However, characteristics of
CWD, such as abundance, physical structure

Non-fragmented old-growth red pine and
white pine forests are rare ecosystems in
Ontario, Canada (Perera & Baldwin 1993;
Gillmore & Palik 2006). These forests have
unique environmental and structural charac-
teristics compared to younger forests, in-
cluding high volumes of coarse woody debris
(CWD), high biomass, and high herbaceous
and cryptogam richness (Carleton & Arnup
1993; Carleton 2003). Many lichen species
are unique to old-growth forests (Lesica ez
al. 1991; McMullin et al. 2008). The func-
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(Spies er al. 1988; Sippola er al. 1998) and
bark structure (McAlister 1997; Siitonen
2001), differ between forest types, particularly
those dominated by different tree species.
Different types of CWD (e.g., log, stump, or
snag), along with a variation in diameter sizes
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and decay stages create a variety of habitats,
especially for lichen communities (Soder-
strom 1988; Humphrey ez al. 2002; Botting
& Delong 2009). Therefore, different types
of old-growth forests are likely to harbour
lichen communities of varying composition.

To better understand the lichen commun-
ities in different old-growth forests, we exam-
ined the species on CWD and trees in two
old-growth forests, one red pine (Pinus re-
sinosa) dominated (RPF) and the other white
pine (Pinus strobus) dominated (WPF). We
expect lichen diversity and community com-
position amongst different substratum types
and CWD decay stages to differ within each
of the forests, as many species require differ-
ent substrata (McMullin ez al. 2008; Smith ez
al. 2009). We predict that the intermediate
decay stages will show the highest lichen
diversity because they can harbour both epi-
phytic species and epigeic species, as they
have characteristics of live trees (presence of
bark) and decayed wood (Kruys ez al. 1999;
Humphrey et al. 2002).

Our study contributes to a better under-
standing of the lichen biota in two old-
growth pine forests. It provides information
on lichen diversity and communities present
on CWD and trees within these old-forest
ecosystems, creates baseline data to monitor
changes, and can act as a control when com-
paring lichen diversity in old and young
forests.

Methods

Sites

The RPF examined is within the Wolf Lake Forest
Reserve (46°51'36"N, 80°38'34-8"W) 50 km north-
east of Greater Sudbury, Ontario, Canada. This site is
within the Great Lakes-St. Lawrence forest, which is
considered a transition zone between the temperate
forest of southern Ontario and the boreal forests of
northern Ontario (Carleton 2003). The last fire to have
occurred in the Wolf Lake Forest Reserve was in 1978,
where the forest fire regime frequency is 70 years (Iles
1990). Average annual precipitation is 807 mm, with an
average annual temperature of 4-9°C (Leithead er al.
2010). The red pine stands assessed range in age from
140 to 220 years (Ontario Ministry of Natural Resources
2010; Anand ez al. 2013). The winds around the Wolf
Lake Forest Reserve move in a south-westerly direction,
thereby limiting the effect of industrial pollution from
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the City of Greater Sudbury on the vegetation present
within the reserve (Winterhalder 1984; Joner et al.
2012). Information on lichen species present within the
Wolf Lake Forest Reserve is limited; currently, there is
only one study (Carleton & Gordon 1992) that observed
four common lichen species in the reserve [Cladonia
chlorophaea (Florke ex Sommerf.) Spreng., C. coniocrea
(Florke) Spreng., Hypogymnia physodes (L.) Nyl., and
Vulpicida pinastri (Scop.) J.-E. Mattsson & M. J. Lai].

The WPF examined is in the northern part of the
Chiniguichi Waterway Provincial Park (46°53/20-4"N,
80°40’19-2W")(Ontario Ministry of Natural Resources
2003). It is located directly north-east of the Wolf Lake
Forest Reserve boundary. The stands assessed in the
WPF range from 180 to 220 years old (Ontario Ministry
of Natural Resources 2010). The WPF is relatively
anthropogenically undisturbed as there has not been
any harvesting activity within the past 100 years, there
are no hiking trails present within it, and it has a similar
proximity to industrial emission sources as the Wolf
Lake Forest Reserve (Tim Lehman, Area Forester,
Ministry of Natural Resources, pers. comm.). There is
no information on lichen species present within the
Chiniguichi Waterway Provincial Park. In addition,
there are no annual climate data available for this forest
specifically, but it is in close proximity to the RPF (less
than 10 km) so they likely share similar climates.

Field sampling

Five potential transects were established in a north-
south orientation at least 50 m from forest edges, thus
eliminating the impact of edge effects (Esseen & Renhorn
1998). The beginning of each transect was randomly
established in each of the designated study areas by divid-
ing aerial photographs into square quadrants (100 x 100
m), with each quadrant being assigned a number and
using a random number generator to select quadrants.
The beginning of each transect was situated in the
middle of the south end of each quadrant. Transects
were 20 m wide and ranged from 50 m to 200 m long.
Transects ended within 50 m of the forest edge or
where the forest composition (i.e., red pine or white
pine dominance, depending on the stand) changed.

The four substratum types (trees, stumps, logs, and
snags) were sampled along each transect. One piece of
CWD was sampled at the site of a dead tree (i.e., if a
log was sampled then the associated stump was not
sampled). The minimum spacing between sampling
units was 5 m in order to limit the amount of samples
from similar microhabitats. Sampling for each sub-
stratum type was concluded once the quota (20) was
reached. Due to irregular shapes of forest stands and the
proximity of the starting point of each transect to forest
edges or transition zones, 4 of the 5 potential transects
were utilized in the WPF in order to meet the substra-
tum sample quota (80), while 5 of the 5 potential trans-
ects in the RPF were utilized in order to meet the sub-
stratum sample quota (80). The total lengths of transects
utilized in each forest were approximately equal (600 m).
Within each of the two forests, only the CWD and trees
of the dominant tree species were sampled in order to
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better distinguish differences between the two forest
types.

Snags were at least 10 cm in diam. and 1-5 m tall
(Svensson ez al. 2005). A 10 x 10 cm clear plastic grid
(plot) separated into 1 x 1 cm squares was used to
examine the lichen species richness and abundance on
the snags. Plots were aligned along each trunk on either
the north (10 snags per forest type) or south (10 snags
per forest type) side of the snag. Plot centres were
aligned down the trunk, with the first plot established at
the ground level of each snag. Plots were separated by a
distance of 40 cm between adjacent top and bottom
edges for a total of five plots (0—10 cm, 40-50 cm, 90—
100 cm, 140-150 cm, and 190-200 cm or apex plot).
If the snag was less than 2-5 m tall, the fifth plot was
set on its apex (apex plot) (McMullin ez al. 2011). The
sampling method for trees was the same as that for snags
except there was no apex plot included.

Stumps were at least 10 cm in diam. and less than
1-5 m tall (Nascimbene ez al. 2008). Five 10 x 10 cm
plots were established on each stump, one on top of the
stump, and four at each of the cardinal points (Nascim-
bene er al. 2008). North and west plots were placed at
ground level while south and east plots were placed half-
way between ground level and the stump top.

Logs were defined as fallen wood at least 10 cm in
diam. Five 10 x 10 cm plots were established along the
top of the log, starting at the broadest point and sepa-
rated by 40 cm from plot top to the next plot’s base
(Nascimbene ez al. 2008).

Lichen samples were taken when new species were
encountered or when species could not confidently be
identified in the field. Each piece of CWD had its dia-
meter measured and stage of decay visually assessed on
a scale of 1-5 (Table 1). The immediate canopy closure
above each piece of CWD was assessed using a spherical
densiometer and following methods outlined by Lemmon
(1957).

Lichen identification

Lichen species were identified using stereo and com-
pound microscopes with the help of chemical reactions
from spot tests (Brodo ez al. 2001). Species that could
not be identified by morphology or chemical spots tests
were further examined with thin-layer chromatography
(Orange et al. 2001). Immature specimens lacking fruit-
ing bodies, spores or reliable chemistry were only identi-
fied to the genus level (Micarea spp., Lepraria sp., and
Cladonia spp.).

Data analysis

Lichen species richness and diversity for each piece
of CWD and tree was calculated using the Shannon
Wiener diversity index (Shannon 1948). All statistical
analyses were performed using SPSS version 20. In
order to test the normality assumption of parametric
statistical analyses, we used the Shapiro-Wilk test. In
all cases, except for one, the data were not normally
distributed (P < 0-05) and as a result we utilized non-
parametric statistical analyses to analyze the data. We
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utilized the Kruskal-Wallis tests to determine whether
there were significant (P < 0-05) differences in (percent)
canopy openness and diameter between substratum types
in each forest and (ii) lichen diversity or species richness
between substratum types and decay stages of each type
of CWD. In the case of a significant result in Kruskal-
Wallis tests, we used pairwise comparison in order to
assess where the difference was.

Lichen community patterns were explored with multi-
variate analyses in PC-ORD ver. 6 (McCune & Mefford
1999). Nonmetric multidimensional scaling (NMS;
Kruskal 1964) was selected as the ordination method
due to its effectiveness in handling ecological com-
munity data (e.g. it does not assume linear relationships
among variables; McCune & Grace 2002). Data was first
square-root transformed to reduce skewness, and very
rare species (those with only one occurrence across all
samples) were removed from the dataset in order to
reduce the noise in the data. NMS was first performed
on the lichen abundance data averaged by CWD type
within a stand to explore broad patterns. Next, data at
the level of individual CWD pieces were ordinated with
field-measured fine-scale environmental data (canopy
openness, and CWD piece diameter and decay class)
for each stand type separately, to investigate more pre-
cisely the relationships among lichen communities, CWD
type, and environment. A multi-response permutation
procedure (MRPP) was performed to test for differences
among CWD types within each stand. MRPP calculates
a Pvalue and an agreement statistic, 4, defining within-
group homogeneity. A values close to zero indicate low
within-group homogeneity and low levels of difference
among groups. Conversely, A values closer to 1 indicate
within-group homogeneity, and thus more meaningful
differences among groups. MRPP analyses of ecological
communities often report 4 values near or below 0-1,
even when there are distinct differences between groups
(McCune & Grace 2002). A Bonferroni correction was
applied to the multiple comparisons to reduce the type I
error rate.

Results
Lichen biodiversity

The RPF contained 43 lichen species, of
which 25 (58-1%) were unique to that forest
(Table 2). The WPF contained 26 species,
of which 8 (30-8%) were unique to that
forest (Table 2). In addition, in the RPF, 22
(51-2%) of the lichen species were substra-
tum specific (found only on one substratum
type; Mycoblastus sanguinarius was only found
on trees; Chaenotheca brunneola, Bryoria furcel-
lata, Cladonia cenotea, C. cornuta, and Parme-
liopsis hyperopta were exclusively on stumps;
Calicium trabinellum, Hypocenomyce scalaris,
Mycocalicium subtile, and Parmelia squarrosa
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TABLE 1. Characteristics used to identify decay classes for logs, snags and stumps. Log decay classes 1-5 (Maser et al. 1979;
Sollins 1982; Nascimbene et al. 2008). Snag decay classes 1-5 (Sollins 1982; Nascimbene et al. 2008). Stump decay classes
1-5 (Mora et al. 2006).

CWD Type Class Description

Log 1 Wood hard
Bark intact
Small branches present
Shape round
Log supported on points/branches
2 Wood hard
Bark mostly intact
No small branches
Shape round
Log supported but beginning to sag
3 Wood hard to soft
Little to no bark (sloughing off)
No small branches
Crevices/small pieces lost
Shape round
Log sagging near the ground
4 Sapwood soft with core of harder wood
No bark
No small branches
Shape round to oval
All on ground
5 Completely soft without any core of hard wood
No bark
No small branches
Outline indeterminable
Shape oval
All on ground
Snag 1 Bark intact
Most branches intact
Wood hard
2 Few branches
Loose bark
Wood hard
3 No bark
No twigs/branches
Wood hard
4 No bark
No twigs/branches
Wood hard to soft (<70% sapwood)
5 No bark
No twigs/branches
Wood hard to soft (>70% sapwood)

Stumps 1 Bark intact
Wood hard
2 Bark mostly intact

Outer wood hard

Inner wood decaying (texture of large pieces)
3 Trace of bark

Decay spread to most wood

Texture blocky pieces

4 No bark
Wood hard to soft (<70% sapwood)
5 No bark

Wood hard to soft (>70% sapwood)
Texture powdery
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TABLE 2. Lichen species found in one or both of the study stands (RPF = red pine forest; WPF = white pine forest). Nomencla-
ture is from Esslinger (2011). Species codes that each species were assigned in the NMS are noted. Substratum on which each
species was found is noted along with median decay stage and decay stage ranges.

Found on
only one Median Decay
No. NMS substratum Occurs Occurs decay stage

Species Site(s) of obs. Code type on trees on CWD stage range

Bryoria furcellata (Fr.) RPF and WPF 4 Bry-fu - Yes Yes 0 0—-4
Brodo & D. Hawksw.

Biatora sp. Fr. WPF 1 - Tree Yes No 0 0

Calicium trabinellum RPF 1 - Snag No Yes 2 2
(Ach.) Ach.

Chaenotheca brunneola RPF 1 - Stump No Yes 2 2
(Ach.) Miill. Arg.

Cladonia borrytes (K. G. RPF 6 Cla-bo - No Yes 3 3-5
Hagen) Willd.

C. multiformis G. Merr. RPF 3 Cla-mu Log No Yes 3 2-5

C. cenotea (Ach.) RPF and WPF 11 Cla-ce - No Yes 4 2-5
Schaerer

C. chlorophaea RPF and WPF 29 Cla-ch - Yes Yes 3 0-5
(Florke ex Sommerf.)
Spreng.

C. coniocrea RPF and WPF 127 Cla-co - Yes Yes 3 0-5
(Florke) Spreng.

C. cornuta (L.) RPF 1 - Stump No Yes 2 2
Hoffm. subsp. cornuta

C. crispata (Ach.) RPF 1 - Log No Yes 5 5
Flot. var. crispata

C. cristatella Tuck. RPF 7 Cla-cp - Yes Yes 3 0-5

C. deformis (L.) RPF 1 - Log No Yes 5 5
Hoffm.

C. digitata (L.) RPF and WPF 7 Cladi - Yes Yes 4 0-5
Hoffm.

C. fimbriata (L..) Fr. RPF 8 Clai - No Yes 2-5 1-5

C. gracilis subsp. RPF 1 - Log No Yes 5 5
turbinata (Ach.) Ahti

C. humilis (With.) WPF 1 - Stump No Yes 4 4
J. R. Laundon

C. macilenta RPF and WPF 16 Cla-ma - Yes Yes 3.5 0-5
Hoffm.

C. macilenta var. RPF 2 Cla-ba - Yes No 0 0
bacillaris (Ach.)
Schaer.

C. arbuscula subsp. RPF 5 Cla-mi Log No Yes 3 2-5
miris (Sandst.) Ruoss

C. parasitica RPF 3 Clapa Log No Yes 3 3-4
(Hoffm.) Hoffm.

C. peziziformis RPF 1 - Log No Yes 3 3
(With.) J. R. Laundon

C. pleurota (Florke) RPF 1 - Log No Yes 5 5
Schaer.

C. rei Schaer. RPF and WPF 2 Clare Log No Yes 5 5

C. scabriuscula WPF 1 - Stump No Yes 5 5
(Delise) Nyl.

Cladonia spp. RPF and WPF 47 Cla-sp - Yes Yes 2 0-5

C. squamosa RPF 11 Cla-sq - No Yes 5 3-5
Hoffm.
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TaABLE 2. (Continued)

Found on
only one Median Decay
No. NMS substratum Occurs Occurs  decay  stage

Species Site(s) of obs. Code type on trees on CWD stage range

Cladonia subulata RPF 1 - Log No Yes 3 3
(L.) F. H. Wigg.

C. sulphurina RPF and WPF 8 Cla-sl - No Yes 4 2-5
(Michx) Fr.

Evernia mesomorpha Nyl. RPF and WPF 7 Eve-me - Yes Yes 1 0-5

Hypocenomyce WPF 13 Hyp-an - Yes Yes 0 0-5
anthracophila (Nyl.)
P. James & Gotth.
Schneider

H. scalaris RPF and WPF 20 Hyp-sc - Yes Yes 0 0-5
(Ach. ex Lilj.) M. Choisy

Hypogymmnia physodes (L.) RPF and WPF 78 Hyp-ph - Yes Yes 1 0-5
Nyl

Imshaugia aleurites (Ach.) RPF and WPF 3 Ims-al - Yes Yes 3 0-3
S. F. Meyer

Lepraria sp. WPF 1 - Stump No Yes 4 4

Micarea spp. WPF 23  Mic-sp - Yes Yes 0 0-5

M. peliocarpa (Anzi) RPF 6 Micpe - No Yes 4 2-5
Coppins & R. Sant.

Mycocalicium subtile RPF 1 - Snag No Yes 2 2
(Pers.) Szatala

Mycoblastus sanguinarius RPF and WPF 7 Myc-sa Tree Yes No 0 0
(L.) Norman

Parmelia squarrosa Hale RPF 1 - Snag No Yes 4 4

P. sulcara Taylor RPF and WPF 12 Par-su - Yes Yes 2 0-5

Parmeliopsis ambigua RPF and WPF 3 Par-am - No Yes 3 2-3
(Wulfen) Nyl.

P. capitata R. RPF 2 Parca - No Yes 25 1-4
C. Harris ex J. W. Hinds
& P. L. Hinds

Parmeliopsis hyperopta RPF 1 - Stump No Yes 2 2
(Ach.) Arnold

Peltigera canina (L.) WPF 1 - Log No Yes 5 5
Willd.

Trapeliopsis flexuosa (Fr.) RPF 4 Trpfl - No Yes 3 3-5
Coppins & P. James

T. granulosa RPF 1 - Log No Yes 5 5
(Hoffm.) Lumbsch

T. viridescens WPF 13  Trp-vi - No Yes 5 3-5
(Schrad.) Coppins &
P. James

Usnea spp. Dill. ex Adans. RPF and WPF 2 Usn-sp - Yes Yes 1 0-2

U. subfloridana Stirt. RPF 2  Usn-su - No Yes 3.5 3-4

Vulpicidia pinastri (Scop.) RPF and WPF 4 Vulpi - Yes Yes 0 0-4

J.-E. Mattsson & M. ]J.
Lai

only occurred on snags; and Cladonia mulni- were found only on logs), while in the WPF,
SJormis, C. crispata, C. deformis, C. digitata, C. 10 (38-5%) of the lichen species were found
gracilis subsp. turbinata, C. arbuscula subsp. on one substratum type (Mycoblastus sangui-
mutis, C. parasitica, C. peziziformis, C. pleurora, narius and Biatora sp. were exclusively on
C. rei, C. subulara, and Trapeliopsis granulosa trees; Cladonia humilis, Lepraria sp. and
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F1G. 1. A, the results of the pairwise comparisons assessing the difference in mean percent canopy openness amongst
different substratum types within the WPF; B, the results of the pairwise comparisons assessing the difference
in mean substratum diameter (cm) amongst the different types of substrata within the WPF; C, the results of the
pairwise comparisons assessing the difference in mean Shannon-Wiener diversity amongst different substratum types
within the WPF; D, the results of the pairwise comparisons assessing the difference in mean species richness amongst
the different types of substrata within the WPF. It should be noted that the raw data are displayed in (A), (B), (C) and
(D) rather than the ranked data, since the raw data is more meaningful for comparisons. In each plot, mean values
with the same lower case letter are not significantly different at the P < 0-05 level.

Cladonia scabriuscula occurred only on stumps;
Parmelia sulcata, Parmeliopsis ambigua, and
Vulpicida pinastri were found only on snags;
and C. ret and Peltigera canina were only on

logs).

Canopy closure and substratum
diameter

Within the RPF, there was no significant
difference in surrounding percent canopy
openness (y*(df = 3, n = 80) = 2-566, P =
0-463) or substratum diameters (xz(df =3,
n=80) =6-783, P=0-079) between the

substratum types. However, in the WPF,
there was a significant difference in percent
canopy openness among the different sub-
stratum types (>(df = 3, n = 80) = 12-403,
P = 0-006), with trees having a significantly
lower percent canopy openness than all three
types of CWD (Fig. 1A). Substratum dia-
meters in the WPF also showed a differ-
ence among the different substratum types
(*(df = 3, n=80)=12-403, P=0-006),
but the pairwise comparison did not show
evidence of a statistically significant differ-
ence which is likely due to the Bonferroni-
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F1Gg. 2. Nonmetric multidimensional scaling ordination of lichen community data on different types of CWD

(and live trees) in two forest types. Axes one and two, respectively, represent 59-7% and 26-2% of the variation in

the data. W = white pine forest, R = red pine forest, LT = live tree, ST = stump, S = snag, L. = log. See Table 2
for species codes.

corrected pairwise comparisons increasing
the chance of a type II error occurring (Fig.
1B).

Substratum types

There was no difference in lichen diversity
(*(df = 3, n=80) = 1-985, P = 0-575) or
species richness ()(Z(df: 3, n = 80) = 5-531,
P = 0-137) among the different substratum
types within the RPF. While in the WPF,
there was a statistically significant difference
in lichen diversity (y*(df =3, n=80) =
23-652, P=0-0001) among the different
substratum types; logs had lower lichen di-
versity than stumps and trees, and snags also
had lower diversity than trees (Fig. 1C & D).
In addition, there was a significant difference
in species richness (y*(df =3, n = 80) =
25-706, P=0-0001) among the different
substratum types, with logs having lower
species richness than trees, stumps and snags
(Fig. 1C & D).

CWD decay stages

Lichen diversity is not significantly different
between the decay stages of logs (*(df = 4,
n = 20) = 2-496, P = 0-645), snags (y*(df =
4, n = 20) =4-806, P = 0-308), or stumps
(P(df=4, n=20)=1564, P=0-815)
within the RPF. There was also no signi-
ficant difference in lichen species richness
among the different decay stages of logs
(Pdf =4, n=20)=2420, P=0-659),
snags (y°(df=4, n=20)=3.961, P=
0-411), or stumps (*(df =4, n=20) =
3.475, P = 0-482).

WPF decay stages

Within the WPF, there was no significant
difference in lichen diversity among the
different decay stages of logs (}*(df =2,
n = 20) = 3-508, P = 0-173), snags (*(df =
3, n=20)=1-570, P=0-666) or stumps
(2df =3, n=20)=6-294, P=0-098).
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Also, there was no significant difference in
lichen species richness among the different
decay stages of logs (}*(df =2, n = 20) =
5.389, P=0-068), snags (y°(df=3, n=
20) = 1-085, P = 0-781) or stumps (}*(df =
3,n=20) =3-180, P = 0-365).

Community composition: multivariate
analyses

NMS ordination of averaged lichen spe-
cies abundance values for all CWD types in
both forest stands resulted in a two-dimen-
sional model of CWD-lichen community
relationships that accounted for 86% of the
total variation in the data. Final stress and
instability for this optimal solution were low
(5-7 and <107, respectively). The ordina-
tion diagram illustrates differences in lichen
community composition among CWD types
(Fig. 2). Within a forest type, trees are widely
separated from logs in ordination space.
Lichen communities on trees in the WPF in-
cluded fruticose species (such as B. furcellata
and Usnea spp.) and crustose species (such
as H. anthracophila and Micarea spp.) that
were absent from logs. Trees in the RPF
hosted several species that were not found at
all on logs in the same stand, including M.
sanguinarius, C. macilenta var. bacillaris, V.
pinastri, and H. scalaris. Within a forest type,
snags and stumps are relatively close together
in ordination space, indicating similar com-
munity composition.

MRPP analyses confirmed lichen com-
munity differences among substratum types.
Within each forest type, the lichen commu-
nity on each CWD type differed significantly
from that found on trees (e.g., WPF logs vs.
trees; A = 0-20, P= <0-0001), but did not
differ from each other (e.g., RPF logs vs.
snags; A = 0-02, P=0-15).

The ordinations conducted at the level of
individual CWD pieces and their associated
environmental variables revealed that decay
class was the only variable measured that
correlated with lichen community variation
among samples (correlations between ordi-
nation axis one and decay class: in WPF
r* = 0-286, v = 0-352; in RPF r* = 0-432,
7=0-491).
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Discussion

Diversity and richness: substratum
types

There was no difference in lichen diversity
or species richness amongst different substra-
tum types within the RPF. This result could
be attributed to the uniformity of canopy
openness and habitat diameters amongst the
sample sites, since higher light environments
are often preferred over low light environ-
ments by many lichens (Muhle & LeBlanc
1975; Chlebicki er al. 1996), and differing
diameters of CWD influence the number of
lichen species present (Kruys ez al. 1999).
Our prediction, that one substratum type
will have higher lichen diversity and species
richness compared to other types in a stand,
was not verified in the RPF.

In the WPF, lichen diversity and species
richness were influenced by substratum
type, with logs being both less diverse and
less species rich than stumps and trees. The
result for the WPF supports the findings
of Nascimbene et al. (2008) in the Italian
Alps. They showed that lichen richness was
affected by CWD type, with both snags and
stumps being more species rich than logs,
which were dominated by bryophytes. Hum-
phrey ez al. (2002) found partly similar re-
sults in semi-natural planted forests in Great
Britain. They showed that lichen richness
differed with CWD type, with snags being
richer than both stumps and logs; this was
likely due to reduced competition with bryo-
phytes. The trees in the WPF probably have
higher species richness and diversity than
snags, stumps, or logs due to the lack of com-
petition with bryophytes and a longer period
of time in which a stable habitat was available
to colonize and develop. Our prediction, that
some substratum types will have greater
lichen diversity and species richness than
others, is true in the WPF.

In both the RPF and WPF we found spe-
cies that have been associated with old-
growth forests in other studies. Mycoblastus
sanguinarius and Usnea spp. were found to
be more abundant in old-growth stands
studied by Boudreault ez al. (2002) in their
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assessment of lichen and bryophyte com-
munities in mature to old-growth boreal
black spruce forests in Quebec and Ontario,
Canada. Crites & Dale (1998) examined the
diversity of lichens, bryophytes, and fungi in
aspen mixedwood boreal forests in Alberta,
Canada. They found six lichen species exclu-
sively in old-growth forests, two of which
(Evernia mesomorpha and Calicium spp.) were
found in this study. The epiphytic lichen spe-
cies richness found in the RPF and WPF is
comparable, given the differences in sampling,
to those found in McMullin ez al. (2008),
who examined the epiphytic lichen richness
in young to old-growth coniferous forests in
Nova Scotia, Canada. They found that epi-
phytic lichen richness in forests of similar
ages to the WPF and RPF ranged from 16 to
41 species.

All of the 26 lichen species found in the
WPF are new records for the Chiniguichi
Waterway Provincial Park, and 39 of the 43
lichen species found in the RPF are new
records for the Wolf Lake Forest Reserve.
Our study provides a better understanding
of lichen community composition in old-
growth red and white pine forests and builds
on the work of Carleton (2003).

Comparison between RPF and WPF

The RPF had a higher alpha diversity than
the WPF. Because we were only able to com-
pare one stand of each species, it is not possi-
ble to attribute differences in lichen diversity
to the dominant tree species. However, in
the interests of increasing our understanding
of lichen diversity and its variability among
forest stands, we can suggest some of the
factors that contribute to the patterns we
observed. We observed that logs in the RPF
had higher lichen diversity than logs in the
WPF, which may be due to much of the
CWD in the WPF being more decayed.
This advanced decomposition could allow
more time for colonization on logs by bryo-
phytes, which may competitively exclude
lichen (Botting & DelL.ong 2009). The larger
number of species unique to the RPF com-
pared to the WPF agrees with McAlister
(1997), who found that some cryptograms
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were only associated with the logs of certain
tree species in a North Carolina forest. The
larger number of species specific to a CWD
type (only found on one type of CWD, snag,
log or stump) found in the RPF suggests
that a variety of CWD types, especially logs,
is more important for increasing overall
lichen diversity in the RPF compared to the
WPF.

Diversity and richness: decay stages

In both the RPF and WPF, there was no
difference in lichen diversity or species rich-
ness amongst the different decay stages of
CWD. This may be due to the limited number
of samples of CWD in some stages. Future
studies should attempt to gather an even
number of samples across all decay stages
for more definitive results. Our second pre-
diction, that some decay stages have higher
lichen diversity and species richness than
others, is not supported in the RPF or the
WPF.

Most other studies did not support our
findings as they showed that lichen diversity
and species richness differed on different
decay stages of CWD. Nascimbene ez al.
(2008) found that decay stage influenced
lichen species richness on snags, stumps and
logs. Botting & Del.ong (2009) analyzed the
influence of CWD characteristics on bryo-
phytes and macrolichen within sub-boreal
spruce forests in British Columbia and found
that decay stage influenced macrolichen spe-
cies richness and abundance. This discrep-
ancy may also be due to our limited availabil-
ity of some decay stages. Our results were
supported, however, by Lohmus & Lohmus
(2001), who found that lichen diversity did
not differ between snags of any decay stages
in an old peatland forest in Estonia.

Community composition

The differences between lichen communi-
ties on trees and different types of CWD
within each forest are due to changes in
the physical structure and chemistry of the
substratum (McMullin e al. 2010), leading
to changes from largely epiphytic species
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(e.g. E. mesomorpha, V. pinastri) to commun-
ities mostly comprised of epigeic (e.g., Cla-
donia spp.) species. Our results were sup-
ported by the findings of S6derstrom (1988),
who showed a shift in lichen communities
from epiphytes (i.e. Bryoria, Usnea and Ever-
mia) on trees to epixylics (i.e. Chaenotheca,
and Calicium) or epigeics (i.e. Peltigera) on
coniferous logs in a Swedish boreal forest.

Conclusion

Many lichen species rely on the habitat pro-
vided by old-growth forests (Lesica er al
1991; McMullin er al. 2008). We observed
that there were differences in lichen biota
diversity patterns between stands, which may
be caused by the difference in the dominant
tree species in each. Our study provides a
unique inventory of an often-overlooked
group in two rare and poorly understood
ecosystems. Few old-growth forests remain
in Ontario and the stands examined in this
study at the Wolf Lake Forest Reserve are at
risk of harvest due to mining leases that are
still active in the area (Ontario Ministry of
Natural Resources 1999; Anand ez al. 2013).
A greater understanding of the lichen com-
munities in these forest types will assist with
identifying stands of high conservation value,
particularly those at risk.
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