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Abstract

The lichen biota of North America is poorly documented in many areas, including
many of Canada's national parks. For example, Forillon National Park in Quebec, Canada
had no previously published accounts of its lichen biota. Therefore, we conducted a
comprehensive survey of macrolichens and calicioid lichens and fungi in the park to
establish a baseline species list. We discovered 170 taxa in the park (169 species and two
subspecies in 48 genera). One species, Melanohalea exasperata, is a first record for
Canada; three species, Calicium denigratum, Sclerophora coniophaea, and Scytinium
teretiusculum, are new provincial records; two species; Chaenothecopsis oregana and
Parmelia fertilis, have notable range extensions; and one species, Sclerophora peronella,
is listed as ‘special concern’ under Schedule 1 of the Canadian Species at Risk Act. We
present annotated checklists and identification keys to the macrolichen and calicioid

species of Forillon National Park.
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Chapter 1: Introduction

There is a low mist in the woods. It is a good day to study lichens.
(Henry David Thoreau 1851, p. 103)

1.1 Project and rationale

The purpose of my project was to complete a comprehensive floristic inventory of
the macrolichens and calicioids of Forillon National Park (hereafter Forillon) in Quebec,
Canada in order to establish a better understanding of lichen diversity in the park, thereby
contributing to biogeographic knowledge of lichens in Canada and North America. |
chose to focus on 1) macrolichens (foliose, fruticose and squamulose forms) as they are
conspicuous taxa and typically grouped together (e.g., Hinds & Hinds 2007, McCune &
Geiser 2009, Thomson 1984) and 2) calicioid lichens and fungi due to their considerable
value to conservation management and monitoring (Goward & Arsenault 2018, Hardman
etal. 2017, McMullin et al. 2008, Petersen et al. 2017, Selva 2003, Tibell 1992), and the
lack of study they have received in North America.

Canada's national park system includes 46 national parks and national park
reserves. Detailed lichen studies have only been published for five of these parks (Brodo
et al. 2013; Freebury 2014; Gowan & Brodo 1988; McMullin 2009, 2012; Piercy-
Normore et al. 2016). Five additional parks have some published information (Brodo &
Sloan 2005, Douglas & Vitt 1976, Hoefs & Thomson 1972, Hrapko & La Roi 1978, John
1989, Lamb 1954, Piercy-Normore et al. 2016, Timoney & Robinson 1992), but 36 (ca.
78%) of these ecologically important areas have no published information on their lichen
biota, including Forillon (CNALH 2019, Sigouin pers. comm.).

I expected Forillon to contain a rich lichen biota because of its high diversity of

ecosystems and habitats (Government of Canada 2010, St-Amour 1985) and due to the
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lichen studies published for nearby parc national de la Gaspésie (hereafter PNG) (Dodge
1926, McMullin & Dorin 2016, McMullin et al. 20175b, Sirois et al. 1988). In particular,
McMullin et al. (2017b) recently reported 100 lichen and allied fungi species from PNG
that were not only new to Quebec, 12 were also new to Canada, and six of those were

new to North America.

1.2 Objectives

The objectives of my project were to:
1) survey the macrolichen species, including foliose, fruticose and squamulose forms, in
all major ecosystems in the park and as many meso- and microhabitats as possible.
2) survey the calicioid lichen and fungi species in all major ecosystems in the park and as
many mesohabitats as possible, with a particular focus on suitable microhabitats.
3) collect a voucher specimen of each species and deposit it in a public herbarium.
4) build dichotomous keys for all species reported from the park, one for macrolichens
and one for calicioids.
5) highlight and discuss species of interest.
These objectives are realized in Chapter 2: Macrolichens of Forillon National Park,
Quebec, Canada, and Chapter 3: The calicioids of Forillon National Park, Quebec,
Canada. I spent 39 days between 2017 and 2018 examining Forillon for lichens. I
followed the Floristic Habitat Sampling method described and evaluated by Newmaster
et al. (2005). This method is frequently used by lichenologists to conduct lichen
inventories (e.g., McMullin & Arsenault 2016, McMullin & Lendemer 2016, Selva

2013), as Newmaster et al. (2005) found it captures cryptogam diversity more thoroughly
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than plot sampling methods. Floristic Habitat Sampling uses habitats as the sampling
unit, focusing on meso- and microhabitats specifically (Newmaster et al. 2005).
Mesohabitats are physiognomic (e.g., Thuja occidentalis forest) or physiographic (e.g.,
exposed calcareous cliffs) elements of a landscape; in the case of forested landscapes,
they can be broken into dominant (e.g., different stand types) and restricted (e.g., cliffs)
mesohabitats (Newmaster et al. 2005). The smallest landscape unit is a microhabitat
(Newmaster et al. 2005), for example snags, crevices in rocks or crevices in exposed
ditchbanks. I reviewed provincial and park vegetation maps and the park managment plan
(Government of Canada 2010) and interviewed park staff to establish what the main
ecosystem types in the park were (i.e., the dominant mesohabitats with respect to the
forested areas). I examined multiple sites within each major ecosystem and as many
meso- and microhabitats as possible with those ecosystems. The diversity of habitats I
sampled from can be seen in Fig. 2.1 (Chapter 2). I continued investigations in each
major ecosystem type until new species discovery became infrequent. I collected over
500 specimens (Fig. 1.1 and Appendices A.1 and B.2) across all major ecosystems and as
many meso- and microhabitas as possible in the park (Figs. 2.2, 2.3 and 3.2). Each of the

central chapters presents detailed methodology, results and conclusions.
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Legend

® Collection points
Fieldwork tracks
[ Forillon Park Boundary

5 0 5 10 15 20 km

Figure 1.1. Location of all collection sites and tracks in Forillon National Park. Map
created using QGIS (QGIS Development Team 2019) and presented in NADS3.

My study expands the biogeographic understanding of macrolichens and calicioid
lichens and fungi in the Gaspé and the northern Appalachians, and more broadly in
Canada and North America. I also establish a baseline from which future monitoring can
identify changes in species presence/absence. I provide practical tools as well, the
dichotomous keys (Appendices A.3 and B.3) for identifying the macrolichens and
calicioids in the park. As well as images of some taxonomically relevant characters (e.g.,
Figs. 3.3, 3.4, 3.5, 3.6, and A.4). These resources can aid, and hopefully promote,
additional study and conservation of lichens in Forillon and eastern Canada.

1.3 Whatis a lichen?

Lichens are a composite of at least two organisms, a fungus (mycobiont) and an

algae, cyanobacteria, or both (photobionts) (Nash 2008). The mycobiont forms the body

(thallus) of the lichen, enveloping the photobiont in hyphae (Nash 2008). The
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photosynthesizing partner (photobiont), provides carbohydrates to the heterotrophic
mycobiont; other requisite minerals and nutrients are obtained atmospherically or from
precipitation and water that washes over the lichen (Nash 2008, Nieboer et al. 1978).
Over 20% of fungal species are lichenized, illustrating the success of this relationship
(Hawksworth et al. 1995). The dualistic nature of lichens was first recognized by
Schwendener (1867) and, despite the persisting questions regarding the relationship
between mycobiont and photobiont that are beyond the scope of this project, it is
commonly accepted as a symbiotic one (Brodo et al. 2001, Nash 2008, Smith & Douglas
1987).

Lichens are cryptogams (spore producers) that are classified with fungi (Hale
1974, Nash 2008). Globally, approximately 17,500 species of lichen have been named
(Lumbsch et al. 2011) and new species are described regularly (e.g. Allen & Lendemer
2015a, Allen & McMullin 2015, Anderson Stewart et al. 2018, Lendemer et al. 2019).

Lichens have a panoply of physical forms, from leafy and dorsiventral to pendant
and filamentous or shrubby and stalk-forming, and even spreading crusts and minute, pin-
like stalks. Their range of reproductive modes is also varied, with at least 22 potential
strategies spanning sexual, asexual and potentially parasexual processes (Tripp &
Lendemer 2018). They colonize a variety of substrates, including: rocks, tree bark and
bare wood of coniferous and deciduous trees, decomposing wood, sand, humus, soil,
moss, other lichens, and human-made structures of stone, cement, wood and plastic
(Brodo et al. 2001, Nash 2008). They inhabit virtually all terrestrial ecosystems, from the
north to the south poles (Brodo et al. 2001; Malcolm & Galloway 1997; Purvis et al.

1985; Thomson 1984, 1997). The widespread occurrence of lichens and their unique
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physiology also make them useful indicators for environmental monitoring (Henderson
2000).
1.3.1 The lichen thallus and its forms

Lichen thalli are composed of fungal hyphae and algal and/or cyanobacterial cells
(Hale 1974, Nash 2008). The mycobiont, with few exceptions, controls the appearance of
the lichen thallus (Hale 1974, Nash 2008). The most basic structural components of a
lichen thallus are the medulla, a loosely woven organization of hyphae where the
photobiont is located; and the cortex, a compressed, gelatinized outer layer of hyphae
enveloping the medulla (Hale 1974, Nash 2008). Additional features of the thallus
important to morphology are reproductive structures; these are discussed in section 1.3.2.

Lichen thalli exhibit a wide variety of structural forms and colours (Nash 2008,
Smith 1921). These forms are typically organized into three morphological groupings:
crustose, foliose, and fruticose (Hale 1974, Nash 2008). However, sub-groupings within
these broad forms are acknowledged; for example, calicioid lichens are sometimes treated
as fruticose due to their stalked apothecia (Goward 1999), or as a fourth grouping of their
own: calicioids or stubble lichens and fungi (Tibell 1999). In my study, I examined
foliose and fruticose forms (macrolichens), and calicioid lichens and fungi.

Foliose lichens are characterized by a dorsiventral thallus, in essence a distinct top
and bottom to the thallus (Gowan & Brodo 1988, Hale 1974, Nash 2008). In most cases,
they are easily removed from their substrates (Gowan & Brodo 1988). Within the foliose
form, there is high variability in size, shape and stance (Fig. 1.2. A, B, E).

Fruticose lichens are stalked (ascending from their substrate) or pendant to

shrubby (hanging or drooping downward from their substrate) (Gowan & Brodo 1988,
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Nash 2008). They can be cupped, branched, hair-like, or shrubby (Fig. 1.2. C, D). They
mostly have a similar cortex on all sides (i.e., not clearly dorsiventral) (Nash 2008).

Calicioids are characterized by their minute stalks (typically <2 mm tall) topped
with capitula (Selva 2003; Tibell 1996, 1999). The typical form is presented in Fig. 1.2.
F. However, the calicioid form is described in detail in Chapter 3 with further examples
given (Fig. 3.3. A, 3.4. A, 3.5. A, 3.6. A).

Crustose lichens (microlichens) are in close contact with their substrate, making it
impossible to remove them without also removing some of their substrate (Brodo et al.
2001, Nash 2008). This form lacks a lower cortex and is attached to its substrate by
fungal hyphae from the medulla (Hale 1974, Nash 2008). Although it is technically
dorsiventral as in foliose lichens, it cannot be mistaken for this group due to its crust-like
structure and lack of leafy lobes or squamules which characterize the latter form. I did not

identify crustose lichens during my project.
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Cetraria islandica. C, Stalked fruticose, Cladonia cristatella. D, Pendant fruticose,
Bryoria pikei. E, Squamulose foliose, Parmeliella triptophylla. F, Calicioid,
Phaeocalicium populneum.

1.3.2 Reproductive structures
Lichens use a diverse range of reproductive strategies (Nash 2008, Tripp &

Lendemer 2018). Tripp & Lendemer (2018) gathered evidence from existing literature
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supporting the hypothesis that diversity of reproductive modes in lichens is far greater
than in non-lichenized fungi. Those authors found support for 22 of 27 potential
reproductive strategies in lichens. I will address lichen reproduction as it relates to
morphology.

Lichens produce sexual or vegetative structures, and in many cases both (Nash
2008). In sexual reproduction the lichen produces fruiting bodies (apothecia or perithecia)
that disperse spores (Brodo et al. 2001, Nash 2008). There are a variety of types of
apothecia which can be used to disentangle the identity of a lichen (Brodo et al. 2001).
For successful sexual reproduction, the appropriate fungal spore must settle on a suitable
substrate, in a hospitable environment and encounter the correct photobiont (Nash 2008).

Vegetative propagules are also produced by many lichens. They occur in various
forms and are composed of both the photobiont and fungal elements of the lichen (Brodo
et al. 2001, Hale 1974, Nash 2008). They contain the full complement of required
components for a new lichen thallus to grow. The most prevalent vegetative structures are
soredia and isidia. Soredia are round bundles of hyphae wrapped around photobiont cells
and originate from the medulla (Hale 1974, Nash 2008). They appear powdery because
they do not have a cortex. Isidia come in a wide variety of shapes and sizes. They are an
extension of the thallus with a cortex and photobiont layer; the most common form is as
cylindrical, or finger-like, projections (Hale 1974, Nash 2008). Vegetative propagules
become detached from the main lichen thallus and begin to form a new lichen as long as
they land on an appropriate substrate in a suitable habitat (Nash 2008). The shape, size,

origin, colour and form of vegetative propagules like soredia and isidia can
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morphologically differentiate many lichen taxa (Brodo et al. 2001, Gowan & Brodo
1988).
1.3.3 Habitat requirements

Most lichens species have narrow habitat requirements for sunlight, water/relative
humidity, substrate, and mineral and nutrient availability (Nash 2008). For example,
some lichens with algae as a photobiont can begin gas exchange at as little as 15-20%
water content, while cyanolichens can require as much as 85-100% water content (Biidel
and Lange 1991). Many lichens are also substrate specific; for example, some species of
calicioid lichens only occur on specific species of trees (Selva 2013, 2014), some lichen
species only occur on calcareous rocks or soil (Orange 2008), while others require
particular minerals (e.g., Acarospora sinopica only grows on acidic rocks that are rich
with iron) (Thomson 1997).

1.3.4 Ecosystem services and bioindicators

Lichens have a wide range of ecological functions (Allen & Lendemer 2016b).
They are involved in soil formation and nutrient cycling (Nieboer et al. 1978) and are
used by some animals for food (Environment Canada 2012).

They are also useful in biological monitoring. As noted in section 1.3.3, lichens
obtain nutrients from the atmosphere and precipitation that washes over them, so if there
are pollutants in the air or rain they are taken in as well (Richardson 1992). Lichens have
a range of sensitivity to these pollutants, which allows them to be used as monitors of air
quality (Richardson 1992, Schram et al. 2015). Lichens have also been used to measure
ecological continuity in forests (McMullin et al. 2008; Rose 1974, 1976; Selva 1999,

2003; Tibell 1992) and as predictors of the impacts of climate change on biodiversity
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(Allen & Lendemer 20164, b). The widespread distribution of lichens on earth and their
sensitivity to environmental change make them a useful instrument for ecological

monitoring.
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Chapter 2: Macrolichens of Forillon National Park, Quebec, Canada

Lichens abound everywhere, from the sea-shore to the tops of high mountains,
where indeed the covering of perpetual snow is the only barrier to their advance.
(Annie Lorraine Smith 1921, p. 1)

2.1 Abstract

In Canada, detailed knowledge of the macrolichen biota in national parks is
surprisingly sparse. Forillon National Park (Forillon) in Quebec, Canada is an example,
as there are no previously published accounts of their lichens and only opportunistic
collections are known. To fill this knowledge gap, we conducted a survey of the
macrolichens in the park and reviewed past collections to establish a baseline list of
species. We report 140 taxa from Forillon (139 species and two subspecies in 39 genera).
Notable species include: Melanohalea exasperata, a first record for Canada; Scytinium
teretiusculum, a first record for Quebec; Parmelia fertilis, a northern range extension;
Hypogymnia subobscura, a species with an Arctic affinity; and Bryoria salazinica,
Cladonia labradorica, and Leptogium acadiense, which are endemic to northeastern
North America. We provide an annotated checklist and an identification key to the

macrolichen species of Forillon.

2.2 Keywords

Appalachians, biogeography, cyanolichens, Gaspé Peninsula, biomonitoring.

2.3 Introduction
Understanding biodiversity across multiple spatial scales is integral to effective

conservation management. The most fundamental component of this understanding is the
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establishment of baseline data for species diversity and distributions (Balmford et al.
2005, Environment Canada 1995, Giangrande 2003, Merinero et al. 2014, Monastersky
2014, Pimm et al. 1995, Powell et al. 1999, Scheidegger & Werth 2009). The ecological,
economic, cultural and spiritual value of biodiversity to human health and wellbeing is
well-recognized (Costanza et al. 1997, Environment Canada 1995), but so are the
extreme global declines in biodiversity (Balmford et al. 2005, Monastersky 2014).
Despite the importance of and declines in biodiversity, much of the life on Earth is still
unknown (Balmford et al. 2005, Giangrande 2003, Monastersky 2014, Pimm et al. 1995).
In order to understand and monitor biodiversity, baseline data are essential, particularly
for understanding the number of species, where they occur, and their status (e.g., rare or
sensitive, etc.) (Balmford et al. 2005, Environment Canada 1995, Powell et al, 1999). The
largest knowledge gaps in biodiversity are in smaller, less conspicuous groups, such as
lichens.

Lichens are a diverse, ecologically significant, yet understudied group of
organisms. They are composed of a fungus and one or more photosynthetic partners;
either algae, cyanobacteria, or both (Nash 2008). They are also valuable tools for
biomonitoring and evaluating conservation priorities. They are useful indicators of air
quality (Richardson 1992, Henderson 2000), ecological integrity (McMullin & Wiersma
2019, McMullin et al. 2008, Selva 2003), and the impacts of climate change on
biodiversity (Allen & Lendemer 2016a, b). Lichens can be used globally, as they inhabit
virtually all terrestrial environments (Brodo et al. 2001); however, a lack of baseline
knowledge limits the ability to monitor changes in species presence/absence in many

parts of the world. As a result, lichens are frequently excluded from conservation
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management planning (Allen & Lendemer 20155b). In Canada, there are 46 national parks
and national park reserves. Detailed lichen studies have been completed at five of them
(Brodo et al. 2013; Freebury 2014; Gowan & Brodo 1988; McMullin 2009, 2012; Piercy-
Normore et al. 2016), and some collections have been reported from five additional parks
(Brodo & Sloan 2005, Douglas & Vitt 1976, Hoefs & Thomson 1972, Hrapko & La Roi
1978, John 1989, Lamb 1954, Timoney & Robinson 1992). Therefore, 36 of the 46
national parks and national park reserves have no or only incidental knowledge of their
lichen biota.

One park with no previous published reports of its lichen biota is Forillon
National Park (hereafter Forillon) on the eastern tip of the Gaspé Peninsula in Quebec,
Canada. Forillon is in the northern Appalachians (Government of Canada 2010, St-
Amour 1985). Unlike the lichen diversity in the southern Appalachians, which has been
well-studied (Allen & Lendemer 2016b, Lendemer et al. 2013), the northern region is not
well understood. In nearby parc national de la Gaspésie (hereafter PNG), some of the
lichen diversity has been reported (Dodge 1926, McMullin & Dorin 2016, McMullin et
al. 20170, Sirois et al. 1988), but much of it remains unreported (McMullin pers. comm.).
In Forillon, opportunistic lichen collections have been made (CNALH 2019), but no
detailed investigation of the lichen biota has been completed. Moreover, previous
collections from the park are concentrated in the more disturbed high use areas, while the
less disturbed and more difficult to access interior has not been explored. Therefore,
encouraged by the findings of McMullin et al. (2017b) from PNG (they reported 100
lichen and allied fungi species new to Quebec, including 12 species new to Canada, six of

which were new to North America), and by the high number of different ecosystems and
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habitats in the park (Government of Canada 2010, St-Amour 1985), we selected Forillon
to examine for additional species of interest.

The purpose of our study is to better understand the lichen diversity in Forillon by
conducting a detailed survey of the macrolichens in the park. Our objectives were to: 1)
inventory the macrolichen species in all major ecosystems in the park, 2) collect a
voucher specimen of each species and deposit it in a public herbarium, 3) build a
dichotomous key for all species known from the park, and 4) highlight and discuss
species of interest. Our findings expand the biogeographic understanding of macrolichens
in the region and more broadly in Canada and North America. They also serve as a
baseline from which future monitoring can detect changes in species presence/absence.
We provide a dichotomous key to identify the macrolichens in Forillon, which we hope
will foster further study, appreciation, and conservation of lichens in the park and eastern

Canada.

2.4 Methods
2.4.1 Study area

Forillon is on the Gaspé Peninsula in the province of Quebec, Canada (Fig. 2.1). It
is at the easternmost tip of the peninsula and is the terrestrial boundary of the
Appalachian mountain range (Government of Canada 2010, St-Amour 1985). Forillon
protects 240.8 km? of terrestrial habitat, and an additional 4.4 km? of marine coastline
(Government of Canada 2010, St-Amour 1985). The maritime element in Forillon is part
of the Gulf of St. Lawrence, which borders its northern boundary, and the Bay of Gaspé,

which borders its southern boundary. Forillon is at the northern limit of the Acadian
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Forest Ecoregion (Selva 2013). In Canada, this portion of the Acadian Forest Ecoregion
is referred to as the Atlantic Maritime Ecozone (Ecosystem Stratification Working Group
1995), or more precisely, the Northern Appalachian Ecoregion (Trombulak et al. 2008).
The mean temperature, based on data from the nearest weather station (Cap Des Rosier)
from 1981-2010, is — 9.8°C in January and 16.2°C in July and the average annual
precipitation is 1195.1 mm, with approximately 74% as rain and 26% as snow
(Environment Canada, 2019). Forillon’s geology is primarily composed of sedimentary

rocks, and the dominant rock types are limestone, shale and sandstone (St-Amour 1985).
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Figure 2.1. Location of the collection sites in Forillon National Park, and of the study
area in Quebec, Canada (inset). Symbols and colours of points illustrate the diversity of
habitats surveyed. The red arrow indicates the park's location within Quebec in Canada.
Map is presented in NADS3.

Despite its relatively small size, Forillon contains a high diversity of habitats and

a unique vascular plant flora (Government of Canada 2010, Parks Canada 1983, St-
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Amour 1985). The major ecosystems in the park are forest, aquatic, coastal and marine
(Government of Canada 2010). The forest and terrestrial compoents of the coastal
ecosystems are of primary relevance for macrolichen diversity. However, there are also
relevant meso- and microhabitats in terrestrial parts of the aquatic ecosystems (e.g.,
riparian zones, shoreline rock outcrops, Thuja occidentalis swamps, and the surrounding
banks of a waterfall) (Nash 2008). The dominant forest type in the park is boreal (e.g.,
along the ridges and on Penouille sandspit) with Abies balsamea, Picea glauca and P.
mariana as the dominant species. However, in the valleys and at lower elevation zones,
there is a mix of hardwood and softwood species, characteristic of the Acadian forest,
including: Acer rubrum, A. saccharum, A. spicatum, Betula alleghaniensis, B. papyrifera,
Populus balsamifera, P. tremuloides, and Thuja occidentalis. We examined habitats
between zero and 494 metres. An additional habitat of interest is the taiga habitat on the
Penouille sandspit, which extends into the Bay of Gaspé in the south sector of the park.
This biome is unusual at such a low latitude and elevation (Government of Canada 2017).
Within these major ecosystems, mesohabitats include: marine and freshwater shorelines,
treed wetlands, rock cliffs and exposed rockfaces, talus slopes, waterfalls, old growth
forest stands, and sandy clearings.

Forillon was designated a national park in 1970. Prior its national park status, the
area had a rich cultural history. Indigenous people used the Anse-au-Griffon Valley as a
thoroughfare across the peninsula between the Gulf of St. Lawrence and the Bay of
Gaspé (Government of Canada 2010, 2017). On the Penouille sandspit, there is
archaeological evidence of extensive tool-making and domestic activity by indigenous

communities (St-Amour 1985). European exploitation began in the 1500’s with seasonal

28



fishing communities of French, Basque and Spanish origins (St-Amour 1985). It was not
until the 1700’s that permanent settlements were established, driven by the arrival of
English fishing companies (St-Amour 1985). In the 1800’s, agriculture and logging were
introduced to the Anse-au-Griffon Valley (St-Amour 1985). Due to the craggy
topography of the peninsula these practices were restricted, though successful enough to
draw in timber export companies by the 1900’s (St-Amour 1985). After 1920, the arrival
of rail, electricity and mail-order catalogues changed life for Forillon’s inhabitants (St-
Amour 1985). After WWII, an airstrip was established on the Penouille sandspit and
shortly thereafter, cottages along its coastline (NAPL 1966). Currently, only vague
remnants of this infrastructure remain at Penouille.

Modern-day activities interacting with the park ecology include: a prescribed burn
project to promote re-establishment of white pine and red oak stands; construction to re-
route the section of Quebec route 132 (QC-132) that traverses the park which was
completed in 2018 (Government of Canada 2018); and an overabundance of moose in the
park (Sigouin et al. 2013).

In 2017, the park served 45,018 visitors (Government of Canada 2018). There are
approximately 146 km of hiking and multi-use trails which include three backcountry
campsites and two lean-to camping shelters (associated with the International
Appalachian Trail network) (Government of Canada 2018). Forillon has three
campgrounds: Cap Des Rosiers and Cap Bon Ami in North Sector, and Petit Gaspé in
South Sector, which host 16 diversified accommodations (e.g., 0TENTik and MicrOcube

structures) and 352 semi-serviced campsites (Government of Canada 2017).
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2.4.2 Sampling

All major ecosystems, mesohabitats (including each major rock type and
formation and all vegetation types) and as many microhabitats as possible were surveyed
in Forillon by the first author (H.P.) in 2017 between August 19 and 28 and in 2018
between August 20 and September 23 following the Floristic Habitat Sampling (FHS)
method described by Newmaster et al. (2005). Those authors found that FHS captures
cryptogam diversity more effectively than sampling from smaller representative plots.
This method of sampling is widely used by lichenologists for surveying lichens (e.g.,
Lendemer et al. 2013, McMullin 2018, McMullin & Arsenault 2016, McMullin &
Wiersma 2017, McMullin et al. 20175, Selva 1999). Within the dominant ecosystems
(Fig. 2.2), we examined as many mesohabitats as possible. We surveyed each dominant
mesohabitat within the forest ecosystem (i.e., stands of different species composition and
age structure) and as many restricted mesohabitats as possible within those (e.g., aquatic
features, exposed rock) (Fig. 2.3). We inspected applicable microhabitats throughout our
survey, including stumps, snags, exposed roots, driftwood and exposed calcareous rock.
Descriptions of the habitat and location of all collection sites are provided in Appendix
A.1. We photographed all collections in the field using a Canon PowerShot Elph digital
camera and georeferenced them using a Garmin GPSmap 60CSx handheld GPS
navigator. We air dried specimens prior to transporting them to the Canadian Museum of

Nature (CANL) in Gatineau, Quebec for identification.
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Figure 2.2. Major terrestrial ecosystems in Forillon. A, Conifer-dominant/Boreal forest.
B, Mixed/Acadian forest. C, Taiga. D, Coastal.
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Figure 2.3. Mesohabitats in Forillon. A, Riparian areas of streams. B, Waterfall. C,
Exposed calcareous cliffs. D, Thuja occidentalis swamp. E, Riparian areas of lakes. F,
Old, Acer-dominated forest.

In addition to the collections made by H.P. in Forillon, we also examined

herbarium specimens from the Academy of Natural Sciences of Drexel University (PH),

Arizona State University Lichen Herbarium (ASU), CANL, Chrysler Herbarium at
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Rutgers University (CHRB), Field Museum of Natural History (F), Louis-Marie
Herbarium at Laval University (QFA), Michigan State University (MSC) and University
of British Columbia Herbarium (UBC) for taxa recorded from Forillon that were not
rediscovered during our fieldwork and some national and provincial collections of
interest.
2.4.3 Identification

We examined external morphology using a Wild M5 stereo microscope and
internal morphology, such as spore shape and size, using a Wild M20 compound
microscope. To assess lichen chemistry, we used chemical spot tests: 10% and 20%
potassium hydroxide (KOH), calcium hypochlorite (C), Lugol’s iodine (I) and
paraphenylenediamine (PD) in ethyl alcohol following Brodo et al. (2001). We also
examined chemistry using an ultraviolet (UV) light chamber with longwave UV. For
additional analysis of lichen products, we performed thin-layer chromatography (TLC)
using glass plates coated with silica gel 60 F254 following Culberson and Kristinsson
(1970) and Orange et al. (2010) in solvents A, B’ and C. We used a Leica DVM6 digital
microscope to photograph specimens (Fig. 2.4. A, E, Fig. 2.5. A, C, E, and Fig. 2.6. A).
All identifications were made by H.P. and verified by the second author (R.T.M.) where
necessary, except where stated otherwise in the annotated checklist. Specimens are
housed at CANL in Gatineau, Quebec.
2.44 Phytogeography and new records

To verify that species are new reports for Forillon, Quebec or Canada we searched
the databases of Canadensys, CANL, Consortium of North American Lichen Herbaria

(CNALH), Global Biodiversity Information Facility (GBIF), and the New York Botanical
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Garden (NY). In addition, we conducted a review of salient North American lichen
literature, including monographs (Ahti 1969; Ahti & Brodo 1981; Brodo & Hawksworth
1977; Degelius 1941; Dodge 1926; Esslinger 1977; Gowan & Brodo 1988; Hinds et al.
1998; McMullin 2012, 2018; McMullin & Dorin 2016; McMullin et al. 20174, b; Otalora
et al, 2014; Otte et al. 2005; Sierk 1964; Sirois et al. 1988; Stone et al. 2016, Velmala et
al. 2014) and unpublished data on Quebec collections from R.T.M.

Using SimpleMappr (Shorthouse 2010), we prepared maps with data points
gathered from CNALH, as well as published species occurrences not reflected in these
databases (Ahti & Brodo 1981, Brodo & Hawksworth 1977, Laflamme-Levesque et al.
1979, Stone et al. 2016) to illustrate North American distributions (Fig. 2.4. B, D, F, Fig.
2.5. B, D, F and Fig. 2.6. B). We also checked the databases of Canadensys, CANL,
GBIF, and NY but no additional occurrences were uncovered in these databases. We used
QGIS to make the collection site map shown in Fig. 2.1 (QGIS Development Team
2019). For any taxon known from the park only by herbaria records, we obtained and

verified voucher specimens.

2.5 Results

We discovered 123 taxa during our field surveys, which includes 122 species and
two subspecies in 39 genera. Thirteen genera, 59 species and one subspecies are new to
the park. We also verified lichen collections in herbaria made by other researchers over
the past 49 years, which represent an additional 17 taxa that we did not rediscover during
our study (total macrolichens in the park = 139 species and two subspecies). We report

one species, Melanohalea exasperata, for the first time in Canada; one species, Scytinium
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teretiusculum, for the first time in Quebec; three species, Bryoria salazinica, Cladonia
labradorica, and Leptogium acadiense, are endemic to northeastern North America; one
species, Parmelia fertilis, has a notable northerly range extension; and one species,
Hypogymnia subobscura, has a distinct Arctic affinity and is atypical of this low latitude
and elevation. Seven species: Bryoria pikei, Collema nigrescens, C. subflaccidum,
Hypogymnia tubulosa, Lobaria pulmonaria, L. quercizans and Usnea longissima, are
considered indicators of old growth forests by Selva (1994). The taxa reported herein
represent fruticose (58 taxa, 41.4%), foliose (76 taxa, 54.3%) and squamulose (6 taxa,
4.3%) growth forms. Cyanobacteria are the photobiont in 29 taxa (20.7%), algae are the
photobiont for 104 taxa (74.3%), and seven species (5%) contain both (algae are the
primary photobiont and cyanobacteria are in cephalodia). Reproductive strategies
observed were vegetative through propagules (i.e., soredia or isidia) (40%), sexual
through ascospores (35%), and both vegetative and sexual (12.9%). An annotated
checklist of species and identification key to the macrolichens of Forillon is provided in

Appendix A.2 and A.3, respectively.

2.6 Discussion

Forillon contains an interesting macrolichen biota. Notable discoveries include:
Bryoria salazinica, Cladonia labradorica, Hypogymnia subobscura, Leptogium
acadiense, Melanohalea exasperata, Parmelia fertilis and Scytinium teretiusculum.
Bryoria salazinica was reported from Maine, Massachusetts, New Brunswick,
Newfoundland, Nova Scotia, and Prince Edward Island by Brodo and Hawksworth

(1977). This species has been reported once before from Quebec, on Anticosti Island
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(Laflamme-Levesque et al. 1979), our collection represents the second record for Quebec,
ninth record for Canada, and eleventh record globally. This species appears to be
endemic to northeastern North America, where it is rare in hyper-coastal environments
(Fig. 2.4. A-B). Cladonia labradorica, described by Ahti and Brodo (1981), was known
only from the northern boreal forests of the Ungava-Labrador Peninsula. Since 1981,
additional collections have been reported from Nova Scotia and New Hampshire (Hinds
& Hinds 2007), but it appears to be rare (Ahti & Brodo 1981, Hinds & Hinds 2007) and
endemic to northeastern North America (Ahti pers. comm.) (Fig. 2.4. C-D). Hypogymnia
subobscura, a typically Arctic/alpine species, is uncommon at lower latitudes (with the
exception of a few disjunct records in the Rocky Mountains in Washington, Montana and
Colorado) (CNALH 2019). In eastern North America, south of the 60" parallel north, it is
only known from the province of Quebec (CNALH 2019), our collection is the second
published report and sixth record of this species in eastern North America south of the
60™ parallel north (Fig. 2.4. E-F). Leptogium acadiense was recently described by Stone
et al. (2016) from Nova Scotian collections. It is also known from Newfoundland,
Ontario, Quebec, Maine, Massachusetts, Michigan, Minnesota, New Hampshire, North
Carolina, Vermont, and a few disjuncts in the Great Smoky Mountains (CNALH 2019,
Stone et al. 2016) and seems to be endemic to eastern North America (Stone et al. 2016)
(Fig. 2.5. A-B). Melanohalea exasperata had no published reports in Canada and few
collections, which all appeared to be historical (CNALH 2019). Therefore, we reviewed
all available Canadian collections of M. exasperata and discovered that previous
collections from Quebec are misidentifications, thus we report this species for the first

time from the province. In Canada, this species is rare, we were only able to confirm a
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single record from New Brunswick. All other examined material were misidentifications,
making our collection in Forillon also the first confirmed published report and the second
collection in Canada (Fig, 2.5. C-D). There are four additional Canadian collections from
Alberta (2), New Brunswick (1) and Ontario (1) that were not available to us to verify,
these collections are unpublished and have incomplete location data and have thus not
been included here. Parmelia fertilis, although it appears to be fairly widespread in the
States (based on CNALH collections), is noted by Hinds & Hinds (2007) to be rare and
only historically widespread in the States. The first published report of this species in
North America was by Hale (1987) based on specimens from New Brunswick and Nova
Scotia (Gowan & Brodo 1988), since then it has been reported from New Hampshire
(Cleavitt et al. 2019), Maine and southern Quebec (Hinds et al. 1998). Our collection is
the most northerly occurrence of this species in North America (Fig. 2.5. E-F). Scytinium
teretiusculum is known from five provinces in Canada: Alberta, British Columbia, New
Brunswick, Nova Scotia, and Ontario (Sierk 1964). There are two unpublished
collections listed on CNALH from Quebec, thus ours is the first published occurrence

and third collection of this species in the province (Fig. 2.6. A-B).
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Figure 2.4. Species of interest in Forillon and their North American geographic
distributions. A-B, Bryoria salazinica (A from H.A. Paquette 59, CANL). C-D, Cladonia
labradorica (C from H.A. Paquette 685, CANL). E-F, Hypogymnia subobscura (E from

H.A. Paquette 1007, CANL). Known North American geographic distributions shown in
black, Forillon collections shown in pink. Scales: 8§ mm. in A, 10 mm. in C, 30 mm. in E.
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Figure 2.5. Spe

es of interest in Forillon and
distributions, continued. A-B, Leptogium acadiense (G from H.A. Paquette 375, CANL).
C-D, Melanohalea exasperata (1 from H.A. Paquette 797, CANL). E-F, Parmelia fertilis
(K from H.A. Paquette 470, CANL). Known North American geographic distributions
shown in black, Forillon collections shown in pink. Scales: 20 mm. in A, 0.5 mm. in C,
10 mm. in E.
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Figure 2.6. Species of interest in Forillon and their North American geographic
distributions, continued. A-B, Scytinium teretiusculum (M from H.A. Paquette 791B,
CANL). Known North American geographic distributions shown in black, Forillon
collections shown in pink. Scales: 0.2 mm in A.

Species with an algal photobiont are the most abundant in the park. However, we
also discovered 29 cyanolichens in 12 genera (Table 2.1). Cyanolichens require higher
moisture levels to photosynthesize than lichens with algal photobionts (Cameron &
Richardson 2006, Goward & Arsenault 2000). The cyanolichens we found were typically
in habitats and microhabitats where relative humidity was higher than the surrounding
environments, such as tree bases, coastal forests, and the banks of shaded streams and
waterfalls. Cyanolichens are important functional components of ecosystems, as they fix
atmospheric nitrogen (Pike 1978). Worldwide, ca. 10% of lichen species are cyanolichens
(Cameron & Richardson 2006). This group is especially sensitive to air pollution
(Richardson 1992) and, as a result, are useful indicators of environmental degradation,
particularly arboreal species (Goward & Arsenault 2000). Concerns for the welfare of
cyanolichens nationally and abroad are well documented (Anderson 2007, Cameron &
Richardson 2006, Merinero et al. 2014). Our results from Forillon establish a baseline

from which presence/absence of these sensitive species can be monitored.
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Table 2.1. Cyanolichens reported in Forillon. Reports based on herbarium vouchers
verified by the authors are followed by an asterisk (*).
Collema furfuraceum
C. nigrescens
C. subflaccidum
Lathagrium fuscovirens*
L. undulatum
Leptogium acadiense
L. cyanescens
Lobaria scrobiculata
Nephroma bellum
N. laevigatum
N. parile
Pannaria rubiginosa
Parmeliella triptophylla
Peltigera elizabethae
P. canina*
P. degenii*
P. extenuata
P. horizontalis
P. malacea
P. membranacea
P. neopolydactyla
P. praetextata
P. rufescens
Placynthium nigrum
Protopannaria pezizoides
Scytinium lichenoides
S. tenuissimum
S. teretiusculum
Vahliella leucophaea

Seven of the species that we located are “faithful” to ancient forests in the
Acadian forest region (Selva 1994): Bryoria pikei, Collema nigrescens, C. subflaccidum,
Hypogymnia tubulosa, Lobaria pulmonaria, L. quercizans, and Usnea longissima. Rose
(1974, 1976) first used lichens as indicators of old-growth or ancient forests in lowland
deciduous stands in Great Britain and France. He developed an index of ecological
continuity (IEC) to classify and measure these forests. Hawksworth & Hill (1984)

expected that Rose's method could be applied beyond Great Britain and for other forest
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types. Selva (1994, 1999) then developed an IEC in North America by adapting Rose's
list of indicator species to establish two suites of lichens (one each for deciduous- and
conifer-dominated forests) to assess temporal continuity of stands in the Acadian forest.
Both Rose (1974, 1976) and Selva (1994, 1999) selected a variety of indicator species,
including crustose and calicioid lichens in addition to the macrolichens. Unfortunately,
our study did not target specific stands, so collecting was too dispersed for pre-existing
IECs to be applied. However, if an IEC were to be used, an appropriate suite of species
should be selected, including macrolichen and microlichen (e.g., crustose and calicioid
species) species, since Forillon is mostly boreal forest.

Forillon is part of the northernmost portion of the Appalachian Mountains in
continental North America. In the southern Appalachians, more research has been done
and the region is a well-known hotspot for lichen diversity and endemism (Allen et al.
2018, Degelius 1941, Lendemer et al. 2013, Selva 2016, Tripp et al. 2016). Additionally,
the southern Appalachians are recognized as a highly endangered ecosystem (Allen &
Lendemer 20165, White et al. 2012). In contrast, much less is known about the lichen
biota of the northern Appalachians, except for a few contemporary studies (e.g.,
McMullin & Dorin 2016, McMullin et al. 20175, Sirois et al. 1988) and fewer historical
accounts (e.g., Dodge 1926). In the southern Appalachians, Allen & Lendemer (20160)
used species distribution modelling to forecast the impacts of climate change on eight
high-elevation endemic lichen species. Their results suggest significant habitat loss will
occur due to climate change. A notable requirement for Allen & Lendemer's (2016b)
study was "robust published evidence from large scale biodiversity inventories, floristic

treatments and taxonomic revisions that the species were endemic to the study area" (p.
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557). To properly evaluate the degree of threat and appropriate conservation actions of
any species or ecosystem, comprehensive baseline is required (Allen & Lendemer 20165,
Balmford et al. 2005, Environment Canada 1995, Giangrande 2003, Merinero et al. 2014,
Monastersky 2014, Pimm et al. 1995, Powell et al. 1999, Scheidegger & Werth 2009).
Our results contribute to establishing a better understanding of the lichen biota in
the northern Appalachian Mountains and the Gaspé Peninsula (e.g., Dodge 1926,
McMullin & Dorin 2016, McMullin et al. 20175, Sirois et al. 1988). They also add to
notable work on lichen biogeography and diversity in eastern Canada (e.g., Gowan &
Brodo 1988; McMullin 2009, 2012, 2015; McMullin & Wiersma 2017; McMullin et al.
2008, 2017a; Selva 1999), and more broadly to the body of knowledge on Appalachian

lichens (e.g., Allen & Lendemer 2016b; Selva 2013, 2014, 2016; Lendemer et al. 2013).

Notwithstanding a few well studied areas, there remain significant knowledge
gaps in Canada's lichen biota despite their importance to conservation monitoring and
management (Allen & Lendemer 20164, b; Henderson 2000; McMullin & Wiersma
2019; McMullin et al. 2008; Richardson 1992; Rose 1974, 1976; Selva 1999, 2003;
Tibell 1992). We have filled a small gap at Forillon, but lichens warrant continued study

throughout Canada, particularly for monitoring the effects of a changing climate.

43



Chapter 3: The calicioids of Forillon National Park, Quebec, Canada

1 spy with my little eye, lichens all but a millimeter high.

They inhabit small spaces, and in many cases;

regarding forest continuity, they don't lie.
3.1 Abstract

The distribution of calicioid lichens and fungi is poorly understood in many areas
of North America. For example, there were no previously known collections from
Forillon National Park in Quebec, Canada. Therefore, we conducted a comprehensive
inventory of the calicioid species in this unexplored area and discovered 30 species in
nine genera. One species, Chaenothecopsis oregana, is new to eastern North America;
two species, Calicium denigratum and Sclerophora coniophaea, are new to Quebec; and
one species, Sclerophora peronella, is listed under Schedule 1 of the Canadian Species at

Risk Act. We present an annotated checklist and a key to the calicioid species of Forillon

National Park.

3.2 Keywords
Appalachians, Caliciales, Coniocybaceae, biogeography, Gaspé Peninsula,

Mycocaliciaceae, Physciaceae, Sphinctrinaceae.

3.3 Introduction

The calicioid lichens are lichenized fungi with ephemeral asci that break down
before the ascospores have matured to form a mazaedium (Tibell 1996, 1999). This group
of lichens is often referred to as ‘pin’ or ‘stubble’ lichens due to their minute, typically

hair-like fruiting bodies (Selva 2003). Non-lichenized fungi that share this distinctive
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form are traditionally treated with their lichenized counterparts, despite lacking a
mazaedium, and are collectively known as ‘calicioid fungi’ (Tibell 1996, 1999).
Calicioids, whether lichens or non-lichen fungi, colonize a variety of substrates, most
commonly the wood and bark of conifers and angiosperms (Selva 2003). Furthermore,
many species are host specific and only grow on one genus or species of tree, or other
lichen (Selva 2014, Tibell 1999). Many calicioids also require specialized habitats such
as old-growth forests (McMullin et al. 2008, Selva 2003, Tibell 1992). Perhaps due to
their tiny stature and highly specialized microhabitat requirements, calicioids are poorly
understood in many areas of North America. For example, no calicioids have previously
been reported from Forillon National Park (hereafter Forillon).

Forillon is located at the northernmost tip of the Gaspé Peninsula of eastern
Quebec, Canada. It is in the boreal forest and the continental terminus of the Appalachian
Mountain range (Government of Canada 2010, St-Amour 1985). Although portions of the
lichen biota of the southern Appalachian Mountains have been well surveyed (e.g., Allen
& Lendemer 20165, Lendemer et al. 2013), limited data are available in the central and
northern parts of the mountain range. Before initiating our investigation, we hypothesized
that Forillon would contain a rich calicioid biota because of its old-growth forests, treed
wetlands, and mix of conifer and angiosperm tree species (Government of Canada 2017,
St-Amour 1985), and because the nearby parc national de la Gaspésie (hereafter PNG)
contains 53 species of calicioids (McMullin unpublished data). Although Forillon is
neither as large as PNG, nor has as diverse a landscape, we still expected it to contain
many calicioid species.

The aim of our study was to complete a comprehensive survey of Forillon for
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calicioids. Our objectives were to examine all major ecosystems in the park, explore as
many meso- and microhabitats as possible, provide a dichotomous key to the species
discovered, and highlight any species of interest. The results presented here expand the
biogeographic understanding of calicioids in Canada and North America, establish a
baseline from which future monitoring can be conducted, and provide a tool to recognize

and study this group in the park.

3.4 Methods
3.4.1 Study area

Forillon National Park is located in the province of Quebec, Canada (Fig. 3.1). It
is on the Gaspé Peninsula, bordered by the Gulf of St. Lawrence along its north shore and
the Bay of Gaspé on its south shore. It is part of the northern extension of the Acadian
Forest Ecoregion, also known as the Northern Appalachian Ecoregion (Selva 2013,
Trombulak et al. 2008). The Canadian segment of this ecoregion is called the Atlantic
Maritime Ecozone (Ecosystem Stratification Working Group 1995). Forillon protects
244.8 km?2 of terrestrial and marine habitat (Government of Canada 2017, St-Amour
1985). Boreal forests are dominant at higher elevations (the highest elevation that we
recorded was 494 metres) and on the Penouille sandspit, while there is a mix of hardwood
and softwood species, typical of the Acadian forest, in the Anse-au-Griffon valley and
lower lying areas such as La Chute Trail. Due to the unique geography and geology of
this region, Forillon contains a high diversity of habitats despite its relatively small size.
These include: taiga (i.e., barren boreal forest), alpine meadow, marine-intertidal zone,

freshwater lakes and streams, and exposed calcareous cliffs (Government of Canada
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2010, 2017; St-Amour 1985). The taiga habitat on the Penouille sandspit, which stretches
into the Bay of Gaspé in the south sector of the park, is of particular note as this biome

is not typical of such a low latitude (Government of Canada 2017, St-Amour 1985). The
mean temperature, based on data from the nearest weather station (Cap Des Rosier) from
1981-2010, is —9.8°C in January and 16.2°C in July and the average annual precipitation

is 1195.1 mm, with approximately 74% as rain and 26% as snow (Environment Canada
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Figure 3.1. Location of the collection sites in Forillon National Park, and of the study
area in Quebec, Canada. Map is presented in NADS3.
Prior to its designation as a national park in 1970, Forillon had a rich cultural
history. Indigenous people used the Anse-au-Griffon valley to portage across the

peninsula between the Gulf of St. Lawrence and the Bay of Gaspé (Government of

Canada 2010, 2017; St-Amour 1985). There is also evidence of extensive tool-making
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and domestic activity on the Penouille sandspit (Government of Canada 2017, St-Amour
1985). European exploitation of Forillon’s productive shoreline waters began in the
1500s and permanent settlement of the region was established at the end of the 1700s
with the arrival of English fishing companies (Government of Canada 2017, St-Amour
1985). Agriculture and logging were not established until the mid-1800s, and then only in
the Anse-au-Griffon valley due to the rugged topography of the peninsula (Government
of Canada 2017, St-Amour 1985). This was, however, successful enough to attract timber
export companies in the 1900s (Government of Canada 2017, St-Amour 1985). Human
activities during the 1900s, including logging and the establishment of farming
communities, transformed the forests of Forillon (Government of Canada 2017, St-
Amour 1985). Today, the park maintains approximately 146 kilometres of hiking and
multi-use trails, 352 semi-serviced campsites, and 16 diversified accommodations (e.g.,
four-season tents) (Government of Canada 2017). In 2017, Forillon had 45,018 visitors
(Government of Canada 2018). Contemporary disturbances of note that influence the
ecology of Forillon include: prescribed burning conducted by park management to re-
establish white pine and red oak; the re-routing of QC-132 (a provincial highway in
Quebec) in the north sector which was completed in 2018 (Government of Canada 2018);
and browsing by moose, which are overabundant in the park (Sigouin et al. 2013).
3.4.2 Sampling

All major ecosystems and as many meso- and microhabitats as possible were
surveyed in Forillon by the first two authors (H.P. and N.v.M) between August 20 and
September 23, 2018. We followed the Floristic Habitat Sampling method described by

Newmaster et al. (2005). Those authors showed that habitat sampling more widely
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captures greater cryptogam diversity than representative plot sampling methods. Selva
(1999, 2003, 2016) also used this method for the discovery of calicioid species. We
specifically sought microhabitats known to host calicioid species (Fig. 3.2), including
decorticate stumps and snags, large hollows in standing trees, hardened resin of
coniferous trees, forests and tree stands with humid microclimates and the bark and twigs

of as many different types of tree species as possible (Selva 2014, 2016; Tibell 1999).
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Figure 3.2. Microhabitats of interest for calicioids in Forillon National Park. A,
Hardened resin on exposed wood of conifers. B, Roots and soil of upturned trees. C,
Smooth bark of the twigs and branches of young deciduous trees. D, Exposed Thuja
occidentalis swamp. E, Wet Thuja occidentalis forest, dominated by mature, large Thuja
occidentalis. F, exposed heartwood of Acer, in protected hollow.
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3.4.3 Identification

We used a Wild M5 stereo microscope to examine external morphology, a Wild
M20 compound microscope to examine internal morphology and chemical reactions with
20% potassium hydroxide (KOH), Lugol’s iodine (I), paraphenylenediamine (PD) and
50% nitric acid (N) following Brodo et al. (2001). We used a Leica DVM6 digital
microscope to photograph apothecia (Figs. 3.3A, 3.4A, 3.5A, 3.6A) and a Leica DMR
compound microscope with PixelLINK digital camera to photograph specimen
ascospores in wet mounts (Figs. 3.3B, 3.4B, 3.5B, 3.6B). For imaging ascospore
ornamentation, we used a FEI Apreo scanning electron microscope (SEM). We mounted
apothecia on aluminium stubs with double-sided carbon tape, then used a Denton Desk 11
Sputter Coater to coat specimens with gold/palladium. SEM photographs were taken
under high vacuum using the T1 detector (Figs. 3.3C, 3.4C, 3.5C, 3.6C). Using
SimpleMappr (Shorthouse 2010), we prepared maps with data points gathered from
herbaria databases (CNALH 2019, GBIF 2019), as well as published species occurrences
not reflected in these databases (COSEWIC 2014; Haughland & Martel 2016; McMullin
et al. 2012; Selva 2013, 2014) and unpublished data from the fourth author (R.T.M.) for
calicioids in PNG (Quebec) and Kejimkujik National Park (Nova Scotia) to illustrate
North American species distributions (Figs. 3.3D, 3.4D, 3.5D, 3.6D). Additional data
points were searched for on the Canadian Museum of Nature and the New York
Botanical Garden databases, but we found no additional collections. We used QGIS to
create the site map shown in Fig. 3.1 (QGIS Development Team 2019). The specimens
for this study are housed at the Canadian Museum of Nature (CANL) in Gatineau,

Quebec.
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3.44 New records

To verify that species are newly reported from the park and Quebec, we
performed database searches of Canadensys, Canadian Museum of Nature, Consortium of
North American Lichen Herbaria, Global Biodiversity Information Facility, and New
York Botanical Garden. In addition, we a conducted a review of salient North American
calicioid literature (Haughland & Martel 2016; McMullin 2018; McMullin et al. 2012;
McMullin et al. 2018; Selva 2010, 2013, 2014; Selva & Tibell 1999; Tuovila et al. 2011;

Tuovila et al. 2012) and unpublished data from R.T.M. for calicioids in PNG.

3.5 Results

We discovered 30 species in nine genera during our survey. Sixteen species are
calicioid lichens (lichenized) and 14 are calicioid fungi (non-lichenized). Based on our
investigation of herbaria records and a literature review, no calicioid lichens or fungi
have been reported from Forillon prior to our study, so all the species are new to the park.
One species, Chaenothecopsis oregana (Fig. 3.3A-D), is new to eastern North America.
Two species, Calicium denigratum (Fig. 3.4A—D) and Sclerophora coniophaea (Fig.
3.5A-D), are new to Quebec. Finally, one additional species, Sclerophora peronella (Fig.
3.6A-D), is listed under Schedule 1 of the Canadian Species at Risk Act (Government of
Canada 2019). An annotated checklist of calicioid species and identification key to the

calicioid species of Forillon is provided in Appendix B.2 and B.3, respectively.
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Flgure 3.3. Chaenothecopszs oregana (A-C from H. Paquette 420, CANL) A, apothe01a
(inset depicts typical forked stalks). B, ascospores viewed under compound microscope.
C, ascospores viewed under a scanning electron microscope. D, known North America
geographic distribution (pink = Forillon occurrence, yellow = other occurrences). Scales
=0.15mmin A, 9 pmin B, 1.75 pym in C.
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N e
Figure 3.4. Calicium denigratum (A-C from H. Paq 527A, CANL). A, apothecia. B,
ascospores viewed under compound microscope. C, ascospores under a scanning electron
microscope (inset illustrates characteristic bell-shaped capitulum). D, known North
America geographic distribution (pink = Forillon occurrence, yellow = other
occurrences). Scales =0.35 mm in A, 9 ym in B, 1.75 um in C.
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Figure 3.5. Sclerophora coniophaea (A-C from H. Paquette 447, CANL). A, apothecia.
B, ascospores viewed under compound microscope. C, ascospores viewed under a
scanning electron microscope. D, known North America geographic distribution (pink =

Forillon occurrence, yellow = other occurrences). Scales = 0.30 mm in A, 6 um in B, 2.6
um in C.
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Figure 3.6. Sclerophora peronella (A-C from H. Paquette 727, CANL). A, apothecia. B,
ascospores viewed under compound microscope. C, ascospores viewed under a scanning
electron microscope. D, known North America geographic distribution (pink = Forillon

occurrence, yellow = other occurrences). Scales = 0.20 mm in A, 8 um in B, 1.0 pm in C.

3.6 Discussion

We discovered a broad range of calicioid species in Forillon, and four of them are
particularly notable: Calicium denigratum, Chaenothecopsis oregana, Sclerophora
coniophaea, and S. peronella. Calicium denigratum (Fig. 3.4) was recently reported from
North America for the first time by McMullin et al. (2012). Those authors listed four
occurrences in northern Ontario and one from New Brunswick. Our discovery is the first
record for Quebec, the sixth specimen on the continent, and expands its range eastward.
Chaenothecopsis oregana (Fig. 3.3) was previously known in North America from

Washington State (21 occurrences) and was recently reported for the first time in Canada
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by Haughland and Martel (2016) from a single site at Lesser Slave Lake, Alberta. Our
collection is the second record in Canada and the first in eastern North America. Due to
this large range extension, we suspect that it may be more widespread in North America
than originally postulated by Rikkinen (2003). Sclerophora coniophaea (Fig. 3.5) was
first reported in North America from British Columbia (Goward et al. 1996) and has
since been found on the east coast of Canada in New Brunswick and Nova Scotia, where
it is considered rare (Selva 2014, Selva & Tibell 1999). Here, we report it for the first
time in Quebec. Sclerophora peronella (Fig. 3.6) is listed by the Canadian Species at
Risk Act as ‘special concern’ (Government of Canada 2019). In Canada, it is known from
thirteen occurrences in Nova Scotia (COSEWIC 2014, McMullin 2018, Selva 2014). In
British Columbia, where it was reported for the first time in North America (Goward et
al. 1996), it is known from two sites (COSEWIC 2014). However, only one of the British
Columbia sites is extant (COSEWIC 2014). It is a globally rare species (COSEWIC
2014, Selva 2014) that was only recently reported from Quebec for the first time from a
single collection at PNG (McMullin 2018).

Other studies of calicioids in northeastern North America have reported greater
numbers of species, but all covered larger areas. McMullin and Arsenault (2016) located
32 calicioid species in eight forest stands throughout Newfoundland. In PNG, 53 calicioid
species are known (McMullin unpublished data), but that park is more than three times
the size of Forillon (802 km2 vs. 244.8 km2) and the landscape is more diverse
(McMullin et al. 20175b). In the Acadian Forest Ecoregion, which covers most of the
Maritime Provinces in Canada and New England in the U.S.A., 89 calicioid species were

reported by Selva (2014). He spent over 30 years studying the calicioids of this large
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area.

The southern Appalachians are a well-documented hotspot for lichen diversity
(Lendemer et al. 2013). Selva (2016) reported 54 calicioid species from Great Smoky
Mountains National Park (hereafter GSMNP) in that region. Forillon is part of the
northernmost portion of the Appalachians in continental North America, and there is
limited knowledge about the lichen biota of this region. Though we discovered fewer
species (30) compared to Selva’s work in GSMNP, it covers a much larger area (2120
km?2 vs. 244.8 km2) and contains considerably more tree species (i.e., potential calicioid
substrates) (Selva 2016, Whittaker 1956).

Our results broaden the understanding of calicioid richness in the northern
Appalachian Mountains and establish a starting point from which to monitor and compare
species presence between the north and south. Our study also adds to the notable work on
calicioids in PNG led by one of us (R.T.M.) on the Gaspé Peninsula, and more broadly
adds to the body of knowledge of Appalachian lichens (e.g., Selva 2013, 2014, 2016;
Allen & Lendemer 2016b; Lendemer et al. 2013). Despite a few well studied areas,
calicioids remain understudied in much of North America, yet their value in conservation
monitoring and management is considerable (Goward & Arsenault 2018, Hardman et al.
2017, McMullin et al. 2008, Petersen et al. 2017, Selva 2003, Tibell 1992) and they

warrant additional attention.
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Chapter 4: Conclusions

Our curiosity is supposed to have limits, though these have never been defined

exactly.
(Margaret Atwood 1988, p. 39)

4.1 General

I discovered a broad range of calicioid lichens and fungi and macrolichens during
my study in Forillon. In total, I report 170 taxa from the park; 169 species and two
subspecies, from 48 genera, including 17 species from past collections. Over 50% (90
taxa) of the taxa reported here are new records for the park. The evidence presented in
Chapters 2 and 3 regarding the available data on lichen diversity in the Gaspé region and
the northern Appalachians support the hypothesis that our knowledge of the lichen
ecology in eastern Canada remains incomplete. The results of my study expand this
knowledge, as do the dichotomous identification keys created and presented in
Appendices A and B. Detailed discussions of the results of my study are presented in
Chapters 2 and 3 (sections 2.7 and 3.7, respectively).
4.2 Study limitations

All objectives outlined in Chapter 1 were achieved during my project; however,
there were limitations. During my field surveys there were two areas of the park that were
not examined, the northwest corner of the park and the restricted areas of the cliffs
around the presqu'ile of Forillon (i.e., the upper sections of the coastal cliffs at the point
of the peninsula). After discussing the major vegetation types and consulting vegetation
maps with the park ecologist (Daniel Sigouin), I elected to not visit the deep interior of
the northwest corner of the park as 1) all vegetation types in Forillon were represented in

the west, central, northeast and southeast areas of the park which were accessible by
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existing trail networks and/or by off trail expeditions that did not require traversing
private property, and 2) no notable mesohabitat features were marked in this area. The
restricted zones along the coastal cliffs were not accessible due to equipment limitations
and safety concerns - rappelling was required to examine the upper areas of the coastal
cliffs. As an alternative, I sought out exposed cliffs with similar habitat, including 1)
along the Mont St. Alban Cliffs on the northeast side of the presqu'ile (facing Cap Bon
Ami) (Location 27C in Appendix A), 2) unnamed cliffs on the south side of QC-132
where it traverses the park (across from the La Chute trailhead)(Location 5 in Appendix
A) and 3) the lower sections of the coastal cliffs at Cap Gaspe where large sections of the
rocks of the upper cliffs had fallen to the beach (Location 3C in Appendix A).

Three of the specimens collected during my study could not be identified to
species: H.A. Paquette 695, 871, 635. H.A. Paquette 695, 871 are in the genus, Usnea,
and appear to be U. substerilis or U. lapponica. However, the morphology of these
specimens clearly has characteristics of both species (see notes in annotated checklist of
macrolichen species in Appendix A.2). A search for more characteristic specimens during
future surveys may resolve this identification. One additional specimen, H.4. Paquette
635, was only identified to the genus Tuckermanopsis. This specimen does not contain
any lichen substances (confirmed using TLC) and has laminal apothecia, a combination
of features not found in any of the currently available literature for this genus (Brodo et
al. 2001, Esslinger 1973, Hinds & Hinds 2007, Karnfelt 1979). It may represent a novel
taxon. These three specimens have been included in the key to the macrolichens

(Appendix A.3) as' Usnea sp. 1' and 'Tuckermanopsis sp. 1'.
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One additional limitation was specimen availability; I was unable to obtain the
voucher for one species, Umbilicaria vellea, which has a single, unpublished collection
from Forillon (D. & D. Ladd 8861, MOR). The genus Umbilicaria occurs on non-
calcareous rocks, such as granite (Brodo et al. 2001). Suitable substrate in Forillon is
limited to glacial erratics (St-Amour 1985). However, Roed (1979) noted that no granitic
glacial erratics were known from the park and suggested that if they did exist “the most
favourable place to search for such erratics would be in the uplands of the northeastern
part of the park” (pg. 52). I only encountered a single granitic boulder (in the fields above
the beaches at Cap Des Rosiers, congruent with Roed's prediction) and it did not harbor
any macrolichen species on it. Due to the lack of potential substrate in Forillon, this
collection may be a misidentification, and since it is unavailable, it was not included in
the keys or annotated species list.

4.3 Future research opportunities

The baseline lichen data I have established for the lichens in Forillon allow at
least two interesting questions to be addressed during future research in the park and
Quebec. The first is establishing provincial conservation status ranks in Quebec.
Biodiversity and floristic lichen studies in Canada often include conservation status ranks
(e.g., McMullin 2015; McMullin and Lendemer 2013, 2016). However, this was not
possible for my study, as Quebec is the only province in Canada that does not have
conservation status ranks (NatureServe 2019). Conservation status ranks are non-legal
designations that evaluate species extinction or extirpation risk (NatureServe 2019).
NatureServe provides guidelines for the development of provincial, national and global

rankings that can be applied to species with well-understood distributions. Development
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of provincial conservation status ranks in Quebec for lichens could inform conservation
management planning and should be endeavoured. The results from Forillon will be an
important part of calculating lichen status ranks as the Gaspé Peninsula is known for its
rare flora (Parks Canada 1983), including lichens (McMullin & Dorin 2016, McMullin et
al. 2017b). The second question that can be addressed with these baseline data is whether
species presence/absence within the park changes, which could indicate affects from
climate change, fluctuations in air quality or changes in forest stand structure.

Future studies should also include the microlichens (crustose growth forms) of the
park. This group typically accounts for 50-60% of lichen diversity (Gowan & Brodo
1988, McMullin 2015, Spribille et al. 2010). They are an often-overlooked group and
their inclusion would be a valuable contribution to understanding the lichen flora of

Forillon and the Gaspé region.
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Appendix A Supplementary items referenced in Chapter 2

63



Al

Location and habitat descriptions for the macrolichen collection sites in Forillon National Park

Table A.1.1. Descriptions of the macrolichen collection sites in Forillon National Park. Location numbers and habitat description
letters correspond with collection numbers in the Annotated checklist of macrolichen species of Forillon National Park in the
proceeding appendix (A.2) and the waypoints listed in Table A.1.2.

Location No. Location Description Habitat Description
Banks and riparian area of creek; upstream is wetland area, surrounded by coniferous forest,
1 Beaudry Creek downstream is narrow stream (1.5-3 m wide) with scrubby Salix and A/nus along banks. Banks are
rocky (calcareous) with some moss coverage.
A: Pebble beach, eastern exposure to Gulf of St. Lawrence. Sedimentary rock cliffs at back of beach;
large sedimentary rocks scattered on beach, including imported rip-rap for wharf, and exposed coarse
5 Cap Des Rosiers sandstone at water's edge. Scattered driftwood. B: Open fields above pebble beach, includ.ing
campground; eastern exposure to the Gulf of St. Lawrence. Soil is sandy and dry. Vegetation
dominated by tall grasses and prickly wild rose (Rosa acicularis), with isolated stands of Picea,
Populus, and Betula.
A: Alpine meadow with Picea, Abies, and Alnus; southern exposure to Gulf of St. Lawrence, eastern
3 Cap Gaspe aspect. B: Land's End lighthouse grounds; open grassy area, highly exposed. C: Coastal cliffs and
pebble beach; calcareous rock.
A: Mature conifer-dominant forest; Picea and Abies. B: Open field across from campground; lone,
4 Chemin du Cap Bon Ami mature Picea glauca and lone medium-sized Acer sp. C: Forest along edge of coastal cliffs; Betula,
Picea, Abies.
5 Cliffs south of QC-132 Cliffs; calgarf:ous, northeastern aspect, humid and shaded. Thuja occ.'identalis gfowing at base of
exposed cliff; below cliffs wet, moss covered scree slope, many deciduous saplings.
6 Dobel Roberts House Heritage | Open field behind house; loan, mature apple tree (Malus sp.). Moderate southwest aspect, exposed to
Site Gaspe Bay.
. Creek from bridge on Le Portage Trail upstream; gravelly banks with sandy sections hosting stands
7 English Creek )
of Populus balsamifera, Alnus and Cornus. Sunny.
] Forillon National Park Wetland with standing Thuja occidentalis snags; exposed stream and pools, tall grasses dominate in
Operations Centre surrounding area that is not submerged. Full sun exposure.
A: Mature mixed-forest; Acer, Betula, Abies, Thuja occidentalis. B: Mature Acer saccharum forest.
9 La Chute Trail C: Banks and base of waterfall; moss covered gravelly slope; mature Thuja occidentalis stand; humid
and shaded.

64



Location No.

Location Description

Habitat Description

A: Wetland dominated by Salix, Alnus and Cornus. Few Thuja occidentalis and Picea. Sunny. B:
Mixed-mature forest, dominated by Betula and Populus. C: Picnic shelter; south-facing with conifer-

10 La Vallee Trail dominated forest behind and open grassy area in front, bordered by shrubby A/nus and Cornus. D:
Wet Thuja occidentalis forest, abundant large Thuja occidentalis snags.
A: Forest dominated by Abies balsamea and Picea. Understory full; dominated by deciduous
11 Lac au Renard saplings (Acer spicatum and Betula), ferns and bunch berries. Wet and shaded. B: Mixed-mature
forest; wet and shaded; bank along edge of trail eroding, revealing tree roots.
12 Le Portage Trail (north) Ditch bank with exposed shale along trail; moss covering shale where not eroded, shaded by bushes
growing above.
. A: Mature Acer forest; some mature Betula interspersed. Understory open; humid and shady. B:
13 Le Portage Trail (south) Open field; south aspect; few loan, exposed trees and large Acer around field edges.
Le Portage Trail prescribed burn | Prescribed burn site for Pinus strobus; Abies balsamea, Acer, and Betula with few large Pinus
14 between La Grande Cavee and | strobus. Severe south aspect; gravelly soil.
English Creek
15 Le Portage Trail prescribed burn | Prescribed burn site for Quercus rubra; few large Quercus, mostly conifer saplings growing from
northeast of English Creek burned areas. Moderate southwest aspect.
16 Les Cretes Trail (east of QC-132) | Large, mature Thuja occidentalis stand; very wet and shady.
A: Forest dominated by Abies, Acer and Betula, understory dominated by ferns. Very wet (ground
soft and muddy) and shaded. B: Forest dominated by Abies balsamea, Betula, Picea and Sorbus;
understory primarily creeping juniper (Juniperus horizontalis). Severe south aspect; soil gravelly. C:
Populus tremuloides stand in exposed clearing; apparent dried up pond (exposed cracking mud and
17 Les Cretes Trail (northwest of | some rocks, virtually no vegetation). Full sun exposure. D: Mature mixed-forest; Betula and Picea
QC-132) dominant. Understory is filled in with ferns, bunch berries and Acer saplings. E: Trailside; shrubby
and exposed. Ground is wet and moss-covered. F: Mature mixed-forest; Abies, Betula, Picea and
Thuja occidentalis. Understory is open but shaded. G: Deciduous-dominant forest: Acer and Betula
of various sizes. Ground wet, shaded. H: Mature conifer forest, adjacent to wetland. Shaded. I:
Ridgeline, dominated by conifers. Understory open with needles and moss, many exposed roots.
A: Shrubby, mixed vegetation along trail through open field above Gaspe Bay. Alnus, Cornus and
18 Les Graves Trail Picea dominate woody vegetation. B: Mixed forest: Abies balsamea and Betula papyrifera;
understory is closed in. C: Conifer dominant; small diameter Abies balsamea, Picea mariana and
Thuja occidentalis. Understory is open.
19 Les Lacs - the north lake of Lacs | Approximately 3 metres from water's edge; small diameter conifers and shrubs dominate dry, peaty.
de Penouille Gravelly ground with some moss-coverage. Sunny.
20 Les Lacs the middle lake of Lacs | Moss-covered rock outcrop ca. 1-2 metres from water's edge on east shore of lake. Soil is sandy and

de Penouille

dry; lake shore is rocky and transitions to conifer forest 2-3 metres from water's edge.
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Location No.

Location Description

Habitat Description

Les Lacs the south lake of Lacs

A: Shoreline of lake; rocky with scattered driftwood and standing snags. Conifers dominate beyond
the rocky shoreline. Sunny. B: Ridgeline, dominated by conifers. Understory open with needles and

21 de Penouille moss, many exposed roots. C: Stream entering lake from the north; ca. 1 metre width, shaded with
moss-covered banks. Surrounding forest is dominated by Betula.
Les Lacs Trail between Beaudry | Mixed forest: Abies balsamea, Acer saccharum, Betula and Picea.
22 Creek and the north lake of Lacs
de Penouille
Les Lacs Trail between Le A: Conifer dominated stand; understory is crowded with ferns and Acer saplings. B: Mature mixed-
23 Portage junction and IAT forest: Abies balsamea and Betula dominate. Mossy, shaded and wet.
camping shelter
A: Mature mixed-forest: Abies, Acer, Betula and Picea; shaded. B: Mixed forest: Abies balsamea,
. Acer saccharum, Betula and Picea; steep; trailside is moss-covered shale. C: Deciduous-dominant
Les Lacs Trail between QC-197 . . . )
24 forest: Acer and Betula. Understory is open, scattered saplings. Shaded. D: Exposed calcareous rock;
and first lookout . - h . .
south facing. Moss-cover along ledge, exposed and eroding on face. Surrounding forest is dominated
by deciduous tree species. E: Wet Thuja occidentalis forest, abundant large Thuja occidentalis snags.
25 Les Lacs Trail north section, after | Mature deciduous-forest: Acer and Befula. Understory open, scattered Acer saplings. Shaded.
first lookout
26 Les Parages Trail Conifer-dominant forest; southwest facing.
A: Deciduous-dominant forest: Betula and Acer spicatum; moderate east aspect. B: Thuja
27 Mont Saint Alban Cliffs occidentalis-dominated forest with many snags; severe east aspect; ground loose rock and gravel
(northeast) with moss-covering. C: Exposed calcareous cliffs; full sun and east exposure to Gulf of St.
Lawrence.
Mont Saint Alban Loop A: Comfer—domlnapt forest; understory open with groundcover of moss. B: Exposed, large Picea .
28 glauca at coastal cliff edge; eastern exposure to Gulf of St. Lawrence. C: Exposed calcareous rock;
(northeast) o . .
east facing; moss growing at top and along rocks; wet and shaded.
Mont Saint Alban Loop A: Wetland surrounded by large Thuja occidentalis. B: Co.nlfer.—domlnar'lt forest; ground dry and
29 gravelly; southwest aspect. C: Rockwall along small creek; sedimentary; some moss-coverage on
(southwest) e
ledges; slight south aspect.
A: Exposed Picea mariana stand; ground is sandy; exposed. B: Sand dunes; Picea and Populus,
intermixed with blueberry bushes (Vaccinium sp.). Sunny. C: Sandy area dominated by lichen; some
30 Penouille Sandspit conifers interspersed. Sunny. D: Boreal forest: Picea mariana dominate; moss and needle
groundcover; shaded. E: Sandy area dominated by lichen; some Picea and Populus interspersed.
Sunny. F: Sandy beach with large driftwood and dune grasses. Small Picea and Populus scattered.
31 Petit Gaspe Campground Campsite #99; conifer-dominated stand with single, large Betula.
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Location No.

Location Description

Habitat Description

32

Riviere de L'Anse aux Griffon
east of Le Portage Trail

Small creek (ca. 1 m wide); shaded; rocks in creek and on bank are moss covered. Series of riffles,
small waterfalls and deep pools. Water is very clear, almost no sediment. In some areas, rockwalls
are tall (ca. 4-5 m) creating moist microclimate.

33

Tower Mountain Road

A: Access road from QC-132 up to Tower Mountain; northern aspect, soil gravelly, forest mixed
(Abies, Acer spicatum, Betula, Picea, Sorbus). B: Exposed, shrubby forest along ridge overlooking
Cap Bon Ami; trees are small and predominantly coniferous.
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Table A.1.2. Macrolichen collection sites in Forillon National Park. Global Positioning
System (GPS) coordinates are given in Decimal Degrees and were recorded in North
American Datum 1983 (NADS3). The waypoint numbers correspond with collection
numbers in the Annotated checklist of macrolichen species of Forillon National Park in
the proceeding appendix (A.2) and the location and habitat descriptions in Table A.1.1.

Waypoint No. Latitude Longitude | Elevation (m.) | Location/Habitat
1 48.805218 -64.239846 95 29B
2 48.797202 -64.225278 97 29B
3 48.806700 -64.222109 99 28A
4 48.798118 -64.227479 118 29B
5 48.804826 -64.221557 167 28A
6 48.814894 -64.231218 221 29A
7 48.812802 -64.228029 284 28A
8 48.811834 -64.222392 74 4C
9 48.825526 -64.227990 78 4A
10 48.825478 -64.227915 81 4A
11 48.814977 -64.223958 &3 4B
12 48.812831 -64.222758 91 4B
13 48.818447 -64.225984 117 4A
14 48.789163 -64.221334 24 18A
15 48.793301 -64.223028 38 6
16 48.790878 -64.219736 79 26
17 48.791568 -64.220564 81 18B
18 48.804228 -64.220316 131 28B
19 48.804463 -64.220492 144 28C
20 48.845060 -64.266668 42 9A
21 48.844734 -64.267769 65 9B
22 48.834509 -64.278414 208 17A
23 48.836835 -64.281472 268 17B
24 48.853721 -64.420019 2 30B
25 48.853283 -64.421435 3 30C
26 48.854758 -64.415763 9 30A
27 48.754099 -64.168481 87 18C
28 48.957882 -64.464192 93 24A
29 48.951621 -64.473930 192 24B
30 48.951433 -64.473648 197 24B
31 48.949840 -64.475681 211 24B
32 48.949396 -64.475773 219 24B
33 48.945590 -64.476394 278 24B
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Waypoint No. Latitude Longitude Elevation (m.) | Location/Habitat
34 48.945842 -64.469254 323 25
35 48.923571 -64.325938 12 10A
36 48.918357 -64.331010 36 10B
37 48.905010 -64.336851 37 10C
38 48.831478 -64.215781 3 2A
39 48.831736 -64.215867 9 2A
40 48.953048 -64.471418 159 24C
41 48.952103 -64.472772 189 24B
42 48.845637 -64.266530 47 9A
43 48.845491 -64.266776 53 9B
44 48.843960 -64.265731 59 9A
45 48.844904 -64.268303 94 9B
46 48.940257 -64.457907 304 11A
47 48.937596 -64.456699 310 11B
48 48.928078 -64.466819 326 1
49 48.947787 -64.480507 260 24B
50 48.947547 -64.480048 264 24C
51 48.946645 -64.479297 289 24D
52 48.92451 -64.44624 340 23
53 48.806869 -64.254497 41 31
54 48.834309 -64.270864 210 33A
55 48.834826 -64.262848 271 33A
56 48.834559 -64.260509 309 33A
57 48.834510 -64.256170 361 33B
58 48.874452 -64.395303 289 19A
59 48.890236 -64.407000 409 22A
60 48.906663 -64.349670 23 7
61 48.906853 -64.350882 23 7
62 48.879761 -64.377701 157 15A
63 48.839961 -64.212597 6 2A
64 48.896044 -64.413705 423 22C
65 48.892502 -64.408326 426 22B
66 48.888563 -64.404559 431 19B
67 48.899844 -64.415960 436 20
68 48.957871 -64.463806 87 24A
69 48.948397 -64.478720 217 24E
70 48.859131 -64.379982 130 8
71 48.894548 -64.412605 411 22A
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Waypoint No. Latitude Longitude | Elevation (m.) | Location/Habitat
72 48.911017 -64.423240 481 21
73 48.914094 -64.426071 490 11A
74 48.813526 -64.225280 103 27A
75 48.813380 -64.226391 197 27B
76 48.813334 -64.226997 203 27C
77 48.853652 -64.428854 4 30C
78 48.853177 -64.429380 5 30C
79 48.852969 -64.423397 8 30C
80 48.852589 -64.436926 8 30D
81 48.853636 -64.429603 9 30D
82 48.859171 -64.331182 271 17C
&3 48.869302 -64.347776 378 17D
84 48.868775 -64.356112 380 17E
85 48.829601 -64.217544 6 2B
86 48.834638 -64.279383 210 17F
87 48.848162 -64.319745 211 17G
88 48.847961 -64.317538 214 17G
89 48.849103 -64.304783 277 17H
90 48.840299 -64.284821 360 17B
91 48.845564 -64.297035 372 171
92 48.847220 -64.300626 389 171
93 48.842320 -64.287794 391 171
94 48.829032 -64.223648 10 2B
95 48.851917 -64.428777 3 30D
96 48.851938 -64.436861 4 30C
97 48.853178 -64.436455 5 30E
98 48.852343 -64.424259 5 30C
99 48.849257 -64.436365 7 30F
100 48.851110 -64.427541 7 30E
101 48.828828 -64.261813 248 16
102 48.929503 -64.323087 13 14
103 48.927209 -64.321043 15 10D
104 48.918284 -64.349598 183 12
105 48.918981 -64.349338 193 13
106 48.844090 -64.267492 84 9C
107 48.845595 -64.269090 109 9B
108 48.841047 -64.267786 187 5
109 48.882806 -64.373309 144 15B
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Waypoint No. Latitude Longitude | Elevation (m.) | Location/Habitat
110 48.871259 -64.379968 160 32A
111 48.811509 -64.243074 132 29C
112 48.750530 -64.162010 -8 3C
113 48.751725 -64.163196 33 3A
114 48.751431 -64.161438 37 3A
115 48.751087 -64.162254 94 3B
116 48.853662 -64.421557 5 30E
117 48.855116 -64.414665 5 30F
118 48.871747 -64.379095 169 32A
119 48.853807 -64.425834 9 30D
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A.2  Annotated checklist of macrolichen species of Forillon National Park

The following list is organized alphabetically by genus and species. Bolded
numbers or number/letter combinations correspond with the collection sites in Table
A.1.1. Numbers in parenthesis following collection numbers correspond with the
waypoints in Table A.1.2. New reports for Canada are preceded by a dagger (T). New
reports for Quebec are preceded by an asterisk (*). Species collected for the first time in
the park are preceded by a plus sign (+) and non-bolded species are past collections only
and were verified by the authors but not rediscovered during our study. Nomenclature
follows Esslinger (2018) and any divergences reflect the opinions of the authors.
Authorities follow Brummitt & Powell (1996) where possible, and Esslinger (2018)
otherwise.
+Alectoria sarmentosa (Ach.) Ach. — Corticolous. 1.ix.2018: 22B — H.A. Paquette 414
(65) (CANL). 4bies balsamea. 1.ix.2018: 22B — H.A. Paquette 413 (65) (CANL).
4.ix.2018: 11A — H A. Paquette 532 (73) (CANL). Betula sp. 7.ix.2018: 17D — H.A.
Paquette 621 (83) (CANL). Picea sp. 4.1x.2018: 21 — H.A. Paquette 537 (72) (CANL).
Anaptychia crinalis (Schleich.) Vézda ex J.Nowak — Corticolous on Picea sp. 9.i1x.2018:
2B - H.A. Paquette 636 (85) (CANL). Picea glauca. 20.viii.2017: 4B — H.A. Paquette 96
(11) (CANL), ver.: R.T. McMullin; H.A4. Paquette 95 (11) (CANL), ver.: .M. Brodo.

Saxicolous, calcareous. 15.ix.2018: 5§ — H.A. Paquette 769 (108) (CANL). 20.ix.2018: 3C
— H.A. Paquette 834 (112) (CANL).

Baeomyces rufus (Huds.) Rebent. — Saxicolous. 21.viii.2018: 3A — H.A. Paquette 159
(114) (CANL).

Bryoria friabilis Brodo & D.Hawksw. — Corticolous. 10.viii.1971: 48°48' N. 64°13' W —
Brodo 18678 (CANL). NOTE.: this is the paratype for this species.

Bryoria furcellata (Fr.) Brodo & D.Hawksw. — Corticolous. 26.viii.2018: 33A — H.A.
Paquette 277 (55) (CANL). 6.ix.2018: 30C — H.A. Paquette 592 (79) (CANL). Conifer
snag. 3.ix.2018: 8 — H.A. Paquette 485 (70) (CANL). Abies balsamea, snag. 20.viii.2017:
4A — H.A. Paquette 46 (13) (CANL). Picea sp. 23.ix.2018: 30D — H.A. Paquette 894
(119) (CANL). Lignicolous. 3.i1x.2018: 8 — H.A. Paquette 500 (70) (CANL). Driftwood.
12.ix.2018: 30F — H.A. Paquette 697 (99) (CANL).
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Bryoria fuscescens (Gyeln.) Brodo & D.Hawksw. — Corticolous. 6.ix.2018: 30C — H.4.
Paquette 591 (79) (CANL). Picea sp. 26.viii.2018: 31 — H.A. Paquette 2754 (53)
(CANL). 2.ix.2018: 24E — H.A. Paquette 463 (69) (CANL). 7.ix.2018: 17C — H.A.
Paquette 618 (82) (CANL). 10.ix.2018: 17H — H.A. Paquette 6574 (89) (CANL).
21.ix.2018: 30F — H.A. Paquette 879 (117) (CANL). Picea glauca. 24.viii.2018: 1 - H.A.
Paquette 2514 (48) (CANL), ver.: LM. Brodo. Lignicolous on Thuja occidentalis snag.
3.ix.2018: 8 — H.A. Paquette 487 (70) (CANL), ver.: .M. Brodo. NOTES.: Our
collections of this species include the dark (almost black in some cases), wiry form of this
species formerly known as B. lanestris but now considered congruous with B. fuscescens
based on molecular work by Velmala et al. 2014.

Bryoria kockiana Velmala, Myllys & Goward — Lignicolous. 3.ix.2018: 8 — H.A.
Paquette 475 (70) (CANL), ver.: R.T. McMullin.

Bryoria nadvornikiana (Gyeln.) Brodo & D.Hawksw. — Corticolous on Abies balsamea.
10.1x.2018: 171 — H.A. Paquette 658 (92) (CANL). Picea sp. 27.viii.2018: 22A — H.A.
Paquette 335 (59) (CANL). 2.ix.2018: 24E — H.A. Paquette 464 (69) (CANL). 7.ix.2018:
17C — H.A. Paquette 617 (82) (CANL). 14.ix.2018: 10C — H.A. Paquette 744 (37)
(CANL), ver.: .M. Brodo. 21.ix.2018: 30E — H.A4. Paquette 876 (116) (CANL).

Bryoria pikei Brodo & D.Hawksw. — Corticolous on Abies balsamea. 23.ix.2018: 30D —
H.A. Paquette 891 (119) (CANL). Picea sp. 6.ix.2018: 30C — H.A. Paquette 1001 (77)
(CANL), det.: .M. Brodo. 14.ix.2018: 10C — H.A. Paquette 744B (37) (CANL), det.:
M. Brodo; H.A. Paquette 744C (37) (CANL). Picea glauca. 6.1x.2018: 30C — H.A.
Paquette 590 (79) (CANL). Picea mariana. 24.viii.2017: 30A — H.A. Paquette 60 (26)
(CANL), det.: R.T. McMullin.

+Bryoria salazinica Brodo & D.Hawksw. — Corticolous on Picea mariana. 24.viii.2017:
30A — H.A. Paquette 59 (26) (CANL), det.: R.T. McMullin.

FIGURE 2.4 A-B.
NOTES. — We confirmed the presence of salazinic acid in this specimen using thin-layer
chromatography. In addition to its unique chemistry, this species is characterized by
smooth, olivaceous branches that often have a twisted or curling appearance (Brodo &
Hawksworth 1977). This species appears to be endemic to northeastern North America
where it is rare.

Bryoria simplicior (Vain.) Brodo & D.Hawksw. — Corticolous on Picea sp. 26.viii.2018:
31— H.A. Paquette 275B (53) (CANL), ver.: R.T. McMullin, I.M. Brodo. Picea glauca.
21.ix.2018: 30E — H.A. Paquette 866 (100) (CANL).

Bryoria trichodes subsp. trichodes (Michx.) Brodo & D.Hawksw. — Corticolous.
27.viii.2018: 19A — H.A. Paquette 305 (58) (CANL). Conifer. 10.ix.2018: 17H — H.A.
Paquette 656 (89) (CANL). Abies balsamea. 27.vi11.2018: 22A — H.A. Paquette 334 (59)
(CANL), ver.: .M. Brodo. Picea sp. 27.viii.2018: 22A — H.A. Paquette 333 (59)
(CANL). 1.ix.2018: 20 — H.A. Paquette 429B (67) (CANL); H.A. Paquette 432 (67)
(CANL). 10.1x.2018: 17H — H.A. Paquette 657B (89) (CANL). 20.i1x.2018: 3A — H.A.
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Paquette 845 (114) (CANL). Picea glauca. 24.viii.2018: 1 — H.A. Paquette 251B (48)
(CANL). 21.ix.2018: 30E — H.A4. Paquette 867 (100) (CANL).

+Cetraria ericetorum subsp. ericetorum Opiz — Terricolous on sandy soil. 12.ix.2018:
30C — H.A. Paquette 686 (96) (CANL).

+Cetraria islandica subsp. crispiformis (Risanen) Karnefelt — Terricolous on sand.
12.ix.2018: 30C — H.A. Paquette 683 (98) (CANL).

Cladonia acuminata (Ach.) Norrl. — Terricolous. 17.vi.1971: 48°51' N, 64°26' W — M. M.
Grandtner 7879/L1 (CANL).

+Cladonia bellidiflora (Ach.) Schaer. — Lignicolous on roof of kitchen shelter.
11.1x.2018: 2B — H.A. Paquette 1002 (94) (CANL).

+Cladonia cenotea (Ach.) Schaer. — Lignicolous on decomposing driftwood. 12.ix.2018:
30F — H.A. Paquette 712 (99) (CANL).

Cladonia chlorophaea (Florke ex Sommerf.) Spreng. — Bryicolous. 21.viii.2018: 24C —
H.A. Paquette 157 (40) (CANL). 22.viii.2017: 17A — H.A. Paquette 12 (22) (CANL),
det.: R.T. McMullin. 9B — H.A4. Paquette 193 (43) (CANL). 23.viii.2018: 1 — H.A.
Paquette 218 (48) (CANL). Corticolous on snag. 21.viii.2017: 26 — H.A. Paquette 123
(16) (CANL). Lignicolous on snag. 21.viii.2017: 26 — H.A. Paquette 128 (16) (CANL),
det.: R.T. McMullin. 25.viii.2017: 18C — H.A. Paquette 5 (27) (CANL). 27.viii.2017:
10A — H A. Paquette 9 (35) (CANL). Terricolous. 24.viii.2017: 30B — H.A. Paquette 6
(24) (CANL), det.: R.T. McMullin. 27.viii.2018: 22A — H.A. Paquette 326 (59) (CANL).

Cladonia coniocrea (Florke) Spreng. — Bryicolous. 26.vi.1972: 48°55' N, 64°29' W —
Majcen 8343/L3 (2/3) (CANL).

Cladonia cornuta subsp. cornuta (L.) Hoffm. — Terricolous on sandy soil. 24.viii.2017:
30B — H.A. Paquette 2 (24) (CANL). 6.ix.2018: 30C — H.A. Paquette 585 (79) (CANL),
ver.: R.T. McMullin. Sand. 6.ix.2018: 30C — H.A. Paquette 605 (78) (CANL), ver.: R.T.
McMullin.

Cladonia crispata var. crispata (Ach.) Flot. — Lignicolous on roof of picnic shelter.
27.vii1.2017: 10C — H.A. Paquette 126 (37) (CANL). Terricolous on sand. 6.ix.2018: 30C
— H.A. Paquette 606 (78) (CANL).

Cladonia cristatella Tuck. — Lignicolous on roof of kitchen shelter. 11.ix.2018: 2B —
H.A. Paquette 1003 (94) (CANL); H.A. Paquette 1004 (94) (CANL). Terricolous on
sand. 12.ix.2018: 30C — H.A. Paquette 678 (98) (CANL).

Cladonia cryptochlorophaea Asah. — Terricolous. 14.vii.1971: 48°51' N, 64°26' W — Majcen
7873/L2 (CANL).
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Cladonia deformis (L.) Hoffm. — Terricolous. 26.vi.1972: 48°54' N, 64°30' W — Majcen
8349/L2 (2/3) (CANL).

+Cladonia ecmocyna subsp. ecmocyna Leight. — Terricolous on sand. 6.ix.2018: 30C —
H.A. Paquette 607 (78) (CANL). 12.ix.2018: 30C — H.A. Paquette 677 (98) (CANL).

+Cladonia furcata (Huds.) Schrad. — Terricolous. 6.1x.2018: 30C — H.A. Paquette 581
(79) (CANL). Sandy soil. 24.viii.2017: 30B — H.A. Paquette 13 (24) (CANL).

+Cladonia gracilis subsp. gracilis (L.) Willd. — Bryicolous. 6.ix.2018: 30D — H.A.
Pagquette 600 (81) (CANL).

Cladonia gracilis subsp. turbinata (Ach.) Ahti — Corticolous on decomposing bark.
3.ix.2018: 8 — H.A. Paquette 506 (70) (CANL). Lignicolous on roof of kitchen shelter.
11.1x.2018: 2B — H.A. Paquette 1005 (94) (CANL).

+Cladonia labradorica Ahti & Brodo — Terricolous. 12.ix.2018: 30C — H.A. Paquette
685 (96) (CANL), ver.: T. Ahti.

FIGURE 2.4 C-D.
NOTES. — This specimen contains usnic acid (confirmed with TLC), and thick, heavily
perforated branches with no apothecia. The inner walls of the stalks are smooth, and it
lacks soredia and isidia. This species appears to be endemic to northeastern North
America (T. Ahti pers. comm.).

+Cladonia macilenta var. bacillaris (Ach.) Schaer. — Lignicolous on roof of picnic
shelter. 27.vii1.2017: 10C — H.A. Paquette 20 (37) (CANL); H.A. Paquette 125 (37)
(CANL).

Cladonia maxima (Asah.) Ahti — Bryicolous. 6.1x.2018: 30D — H. 4. Paquette 601 (81)
(CANL). 10.ix.2018: 171 — H.A. Paquette 659 (92) (CANL).

Cladonia merochlorophaea Asah. — Terricolous on sand. 14.vi.1975: 48°51' N, 64°25' W —
Brodo 20748 (CANL).

Cladonia mitis Sandst. — Bryicolous. 1.ix.2018: 20 — H.A4. Paquette 442 (67) (CANL).
6.1x.2018: 30C — H.A. Paquette 583 (79) (CANL). Lignicolous on roof of picnic shelter.
27.vii1.2017: 10C — H.A. Paquette 129 (37) (CANL). Terricolous on sandy soil.
24.vii1.2017: 30B — H.A. Paquette 17 (24) (CANL), ver.: R.T. McMullin.

Cladonia multiformis G. Merr. — Terricolous on sand. 12.ix.2018: 30C — H.A4. Paquette
679 (98) (CANL).

Cladonia ochrochlora Florke — Bryicolous. 22.viii.2017: 17A — H.A. Paquette 11 (22)
(CANL), ver.: R.T. McMullin.

75



+Cladonia phyllophora Ehrh. ex Hoffm. — Terricolous on sand. 12.ix.2018: 30C — H.A.
Pagquette 681 (98) (CANL), det.: R.T. McMullin.

Cladonia pyxidata (L.) Hoffm. — Bryicolous. 9.vii.1972: 48°50'30" N, 64°16' — M. M.
Grandtner 7914/L3 (2/3) (CANL).

Cladonia pleurota (Florke) Schaer. — Terricolous. 9.ix.2018: 20 — H.A. Paquette 428 (67)
(CANL).

Cladonia rangiferina (L.) Weber ex F.H.Wigg. — Bryicolous. 6.ix.2018: 30C — H.A.
Paquette 582 (79) (CANL). Terricolous on sandy soil. 24.viii.2017: 30B — H.A. Paquette
16 (24) (CANL). Sand. 24.viii.2017: 30C — H.A. Paquette 4 (25) (CANL). 12.ix.2018:
30C — H.A. Paquette 676 (98) (CANL).

+Cladonia rei Schaer. — Terricolous on sandy soil. 24.viii.2017: 30B — H.A. Paquette 3
(24) (CANL).

Cladonia scabriuscula (Delise) Nyl. — Terricolous. 6.ix.2018: 30C — H.A4. Paquette 586
(79) (CANL) Gravel/sand. 19.viii.2017: 29B — H.A. Paquette 121 (1) (CANL), det.: R.T.
McMullin. Sand. 12.ix.2018: 30C — H.A. Paquette 682 (98) (CANL).

Cladonia squamosa (Scop.) Hoffm. — Bryicolous. 27.viii.2018: 22A — H.A. Paquette
3274 (59) (CANL). 10.ix.2018: 171 — H.A. Paquette 660 (91) (CANL).

Cladonia stellaris (Opiz) Pouzar & Vézda — Terricolous on sand. 24.viii.2017: 30C —
H.A. Paquette 14 (25) (CANL).

Cladonia sulphurina (Michx.) Fr. — Lignicolous on roof of picnic shelter. 27.viii.2017:
10C — H.A. Paquette 19 (37) (CANL). Decomposing wood. 3.ix.2018: 8 — H.A. Paquette
507 (70) (CANL). Terricolous. 1.ix.2018: 20 — H.A4. Paquette 426 (67) (CANL); H.A.
Paquette 427 (67) (CANL). Sand. 6.i1x.2018: 30C — H.A. Paquette 604 (78) (CANL).

Cladonia turgida Ehrh. ex Hoffm. — Terricolous on sandy soil. 12.ix.2018: 30D — H.A.
Paquette 691 (80) (CANL), ver.: R.T. McMullin, N. v. Miltenburg.

Cladonia uncialis subsp. uncialis (L.) Weber ex F.H.Wigg. — Terricolous on sandy soil.
6.1x.2018: 30C — H.A4. Paquette 584 (79) (CANL).

Cladonia verticillata (Hoffm.) Schaer. — Bryicolous. 26.vii1.2017: 24B — H.A. Paquette 1
(31) (CANL), det.: R.T. McMullin.

+Collema furfuraceum (Schaer.) Du Rietz — Lignicolous on conifer snag. 19.ix.2018:
28B — H.A. Paquette 823 (18) (CANL).

+Collema nigrescens (Huds.) DC. — Corticolous on Acer saccharum. 26.viii.2017: 25 —
H.A. Paquette 71 (34) (CANL), ver.: F. Anderson.
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Collema subflaccidum Degel. — Corticolous on Acer sp., fallen. 28.viii.2018: 15A — H.A.
Paquette 360 (62) (CANL). Deciduous. 7.ix.2018: 17C — H.A. Paquette 610 (82)
(CANL). Acer rubrum. 21.viii.2017: 28B — H.A. Paquette 70 (18) (CANL), det.: R.T.
McMullin.

+Dermatocarpon miniatum (L.) W.Mann — Saxicolous, limestone. 19.ix.2018: 29B —
H.A. Paquette 828 (4) (CANL).

+Dibaeis baeomyces (L.f.) Rambold & Hertel — Terricolous on gravel/sand. 26.viii.2018:
33A — H.A. Paquette 302 (54) (CANL).

Evernia mesomorpha Nyl. — Corticolous on Abies balsamea. 19.vii1.2017: 29B — H.A.
Paquette 62 (2) (CANL). Lignicolous on roof of kitchen shelter. 11.ix.2018: 2B — H.A.
Paquette 1006 (94) (CANL). Snag. 19.viii.2017: 28A — H.A. Paquette 52 (7) (CANL).
NOTE.: one of the specimens collected (H.A4. Paquette 1006) had distinctly isidioid
soredia, this is not typical; however, this species is highly variable.

+Hypogymnia bitteri (Lynge) Ahti — Corticolous on conifer. 7.ix.2018: 17D — H.A.
Paquette 622 (83) (CANL). Standing snag. 27.viii.2018: 22A — H.A. Paquette 329 (59)
(CANL), ver.: R.T. McMullin.

Hypogymnia physodes (L.) Nyl. — Corticolous on Abies balsamea. 19.viii.2017: 28A —
H.A. Paquette 116 (7) (CANL). 20.viii.2017: 4A — H.A. Paquette 93 (9) (CANL).
22.viii.2018: 9A — H.A. Paquette 182 (42) (CANL). Abies balsamea, snag. 20.viii.2017:
4A — H.A. Paquette 119 (13) (CANL). Betula snag. 19.viii.2017: 28A — H.A. Paquette 82
(7) (CANL). Picea sp. 26.viii.2018: 33B — H.A. Paquette 295B (57) (CANL). 9.ix.2018:
2B — H.A. Paquette 645 (85) (CANL). Lignicolous. 3.ix.2018: 8 — H. 4. Paquette 498 (70)
(CANL). Bridge railing. 28.viii.2018: 7 — H.A. Paquette 366 (60) (CANL). Driftwood.
12.1x.2018: 30F — H.A. Paquette 702 (99) (CANL). Driftwood roots. 4.ix.2018: 22A —
H.A. Paquette 519 (71) (CANL). Snag. 19.viii.2017: 28A — H.A. Paquette 84 (7)
(CANL). 3.ix.2018: 8 — H.A. Paquette 488 (70) (CANL).

+Hypogymnia subobscura (Vain.) Poelt — Lignicolous on roof of kitchen shelter.
11.ix.2018: 2B — H.A. Paquette 1007 (94) (CANL), det.: R.T. McMullin.

FIGURE 2.4 E-F.
NOTES. — This specimen lacks both isidia and soredia. It does not have protocetraric and
physodalic acids and its medullary ceiling is white/pale. This species has an Arctic
affinity and is uncommon at this low latitude (Thomson 1984).

Hypogymnia tubulosa (Schaer.) Hav. — Corticolous on fallen branch. 23.viii.2018: 11B —
H.A. Paquette 205 (47) (CANL). Abies balsamea snag. 20.viii.2017: 4A — H.A. Paquette
51 (13) (CANL). Betula sp. fallen. 2.ix.2018: 24A — H.A. Paquette 469 (68) (CANL).
Picea sp. 26.viii.2018: 33B — H.A. Paquette 2954 (57) (CANL). 9.ix.2018: 2B — H.A.
Paquette 644 (85) (CANL). Picea glauca. 21.viii.2017: 18A — H.A. Paquette 74 (14)
(CANL). 6.ix.2018: 30C — H.A. Paquette 589 (79) (CANL).
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+Hypogymnia vittata (Ach.) Parrique — Corticolous on Picea sp. 23.viii.2018: 11A —
H.A. Paquette 201 (46) (CANL), ver.: R.T. McMullin.

+Imshaugia aleurites (Ach.) S.L.F.Mey. — Lignicolous. 3.ix.2018: 8 — H.A. Paquette 503
(70) (CANL). Driftwood. 27.viii.2018: 22A — H.A. Paquette 325 (59) (CANL).
Driftwood roots. 4.ix.2018: 22A — H.A. Paquette 513 (71) (CANL). Roof of kitchen
shelter. 11.ix.2018: 2B — H.A4. Paquette 1008 (94) (CANL).

Lathagrium fuscovirens (With.) Otalora, P.M.Jerg. & Wedin — Bryicolous. 10.viii.1971:
48°48' N, 64°13' W — Brodo 18659 (CANL).

Lathagrium undulatum (Laurer ex Flot.) Poetsch — Saxicolous, calcareous. 15.ix.2018: 5
— H.A. Paquette 778 (108) (CANL). 19.ix.2018: 29C — H.A. Paquette 8184 (111)
(CANL). Terricolous, calcareous. 5.ix.2018: 27C — H.A. Paquette 577 (76) (CANL);
H.A. Paquette 5764 (76) (CANL).

Leptogium acadiense J.W Hinds, F.L.Anderson & Lendemer — Corticolous on Populus
sp. 28.vii1.2018: 7 — H.A. Paquette 375 (61) (CANL).

FIGURE 2.5. C-D.
NOTES. — This species is endemic to northeastern North America (Stone et al. 2016).

Leptogium cyanescens (Ach.) Korb. — Bryicolous. 22.viii.2017: 9B — H.A. Paquette 69
(21) (CANL). 5.ix.2018: 27B — H.A. Paquette 544 (75) (CANL). 16.ix.2018: 32A — H A.
Paquette 787 (110) (CANL). Corticolous on Picea sp. 19.viii.2017: 28A — H.A. Paquette
22 (3) (CANL). Thuja occidentalis. 19.viii.2017: 29A — H.A. Paquette 40 (6) (CANL).

Leptogium lichenoides (L.) Zahlbr. — Bryicolous over rock. 22.ix.2018: 32A — H.A.
Paquette 882 (118) (CANL), ver.: R.T. McMullin.

Lobaria pulmonaria (L.) Hoffm. — Corticolous on Picea sp. 19.viii.2017: 28A — H.A.
Paquette 25 (3) (CANL). Picea glauca. 21.viii.2017: 28B — H.A. Paquette 26 (18)
(CANL). Thuja occidentalis. 19.viii.2017: 29A — H.A. Paquette 43 (6) (CANL).

Lobaria quercizans Michx. — Corticolous on Acer saccharum. 26.viii.2017: 24B — H.A.
Pagquette 38 (29) (CANL).

+Lobaria scrobiculata (Scop.) P.Gaertn. — Corticolous on Acer saccharum. 26.viii.2017:
24B — H.A. Paquette 44 (32) (CANL).

Melanelixia glabratula (Lamy) Sandler & Arup — Corticolous on Abies balsamea snag.
19.viii.2017: 4A — H.A. Paquette 110 (10) (CANL), ver.: R.T. McMullin.

Melanelixia subaurifera (Nyl.) O.Blanco, A.Crespo, Divakar, Essl., D.Hawksw. &
Lumbsch — Corticolous on Abies balsamea snag. 20.viii.2017: 4A — H.A. Paquette 112
(13) (CANL). Acer sp. 28.viii.2018: 15A — H.A. Paquette 346 (62) (CANL). Acer
saccharum. 21.viii.2017: 18B — H.A. Paquettel00 (17) (CANL); H.A. Paquette 102 (17)
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(CANL). Betula alleghaniensis. 2.1x.2018: 24A — H.A. Paquette 472 (68) (CANL).
Picea glauca. 21.vii1.2017: 18A — H.A. Paquette 73 (14) (CANL). Lignicolous on Thuja
occidentalis. 13.ix.2018: 16 — H.A. Paquette 721 (101) (CANL).

t+Melanohalea exasperata (De Not.) O.Blanco, A.Crespo, Divakar, Essl., D.Hawksw.
& Lumbsch — Corticolous on deciduous snag. 16.ix.2018: 15B — H.A4. Paquette 797 (109)
(CANL), ver.: R.T. McMullin.

FIGURE 2.5. A-B.
NOTES. — This species is characterized by its lack of lichen substances (negative in all
reactions), lack of isidia or soredia, and the abundance of cylindrical papillae that are
topped with distinct white pseudocyphellae (Hinds & Hinds 2007). Our collection is the
first published report in Quebec and Canada, and the second confirmed collection of this
species in Canada.

Melanohalea exasperatula (Nyl.) O.Blanco, A.Crespo, Divakar, Essl., D.Hawksw. &
Lumbsch 2004 — Corticolous on Picea glauca. 10.viii.1971: 48°48' N, 64°13' W — Brodo
18669 (CANL).

+Melanohalea olivacea (L.) O.Blanco, A.Crespo, Divakar, Essl., D.Hawksw. &
Lumbsch — Corticolous on Sorbus sp. 26.viii.2018: 33A — H.A. Paquette 278 (55)
(CANL).

+Melanohalea septentrionalis (Lynge) O.Blanco, A.Crespo, Divakar, Essl., D.Hawksw.
& Lumbsch — Corticolous on Picea glauca. 21.ix.2018: 30E — H.A. Paquette 8§77 (116)
(CANL).

Melanohalea trabeculata (Ahti) O.Blanco, A.Crespo, Divakar, Essl., D.Hawksw. &
Lumbsch — Corticolous on Picea glauca. 10.viii.1971: 48°48' N, 64°13' W — Brodo 18676
(CANL).

Nephroma bellum (Spreng.) Tuck. — Corticolous on Sorbus snag. 10.ix.2018: 17B — H.A.
Pagquette 662 (90) (CANL).

+Nephroma laevigatum Ach. — Bryicolous. 5.ix.2018: 27B — H.A. Paquette 543 (75)
(CANL).

Nephroma parile (Ach.) Ach. — Bryicolous over rock. 14.ix.2018: 12 — H.A. Paquette
754 (104) (CANL).

+Pannaria rubiginosa (Thunb. ex Ach.) Delise — Corticolous on Thuja occidentalis,
fallen. 3.ix.2018: 8 — H.A. Paquette 489 (70) (CANL)

+Parmelia fertilis Miill. Arg. — Corticolous deciduous snag. 15.ix.2018: 9B — H.A.
Paquette 782 (107) (CANL). Betula alleghaniensis snag. 26.viii.2018: 33A — H.A.
Paquette 470 (55) (CANL), ver.: R.T. McMullin.

FIGURE 2.5. E-F.
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NOTES. — This species lacks isidia or soredia and has squarrose rhizines (Hinds et al.
1998). Our report is the most northerly known occurrence of this species.

Parmelia saxatilis (L.) Ach. — Lignicolous on dead roots. 1.ix.2018: 20 — H.A4. Paquette
424 (67) (CANL).

Parmelia squarrosa Hale — Corticolous on Abies balsamea. 19.vii1.2017: 28A — H.A.
Paquette 36 (7) (CANL). Abies balsamea snag. 20.viii.2017: 4A — H.A. Paquette 113
(13) (CANL). Acer saccharum. 20.vii1.2017: 4B — H.A. Paquette 29 (12) (CANL); H.A.
Paquette 30 (12) (CANL). 26.viii.2017: 24B — H.A. Paquette 45 (32) (CANL).
13.ix.2018: 17F — H.A. Paquette 730 (86) (CANL). Betula snag. 19.viii.2017: 28A — H.A.
Paquette 83 (7) (CANL). 21.ix.2018: 30E — H.A. Paquette 873 (100) (CANL). Malus sp.
21.viii.2017: 6 — H.A. Paquette 78 (15) (CANL). Picea glauca. 21.viii.2017: 18A — H.A.
Paquette 75 (14) (CANL); H.A. Paquette 76 (14) (CANL). Lignicolous on snag.
19.viii.2017: 28A — H.A. Paquette 87 (7) (CANL).

Parmelia sulcata Taylor — Corticolous on Picea glauca. 20.viii.2017: 4B — H.A. Paquette
99 (11) (CANL). 21.viii.2017: 18A — H.A. Paquette 77 (14) (CANL). Plastic (foghorn).
20.ix.2018L: 3B — H.A. Paquette 861 (115) (CANL).

+Parmeliella triptophylla (Ach.) Miill. Arg. — Bryicolous. 24.vii1.2018: 24C — H.A.
Paquette 235 (50) (CANL). Corticolous on Acer sp. 22.viii.2017: 9A — H.A. Paquette 37
(20) (CANL). Thuja occidentalis. 2.1x.2018: 24E — H.A. Paquette 450 (69) (CANL); H.A.
Paquette 453 (69) (CANL). Thuja occidentalis snag. 3.ix.2018: 8 — H.A. Paquette 481
(70) (CANL).

Parmeliopsis ambigua (Wulfen) Nyl. — Corticolous. 27.viii.2018: 22A — H.A. Paquette
310 (59) (CANL). Abies balsamea. 24.vii1.2018: 1 — H.A. Paquette 242 (48) (CANL).
Lignicolous on driftwood roots. 4.i1x.2018: 22A — H.A. Paquette 510 (71) (CANL); H.A.
Paquette 511 (71) (CANL).

+Parmeliopsis capitata R.C.Harris ex J.W.Hinds & P.L.Hinds — Corticolous. 6.ix.2018:
30C — H.A. Paquette 594 (79) (CANL). Conifer. 27.viii.2018: 22A — H.A. Paquette 331
(59) (CANL). Lignicolous on roof of kitchen shelter. 11.ix.2018: 2B — H.A. Paquette
1009 (94) (CANL).

+Parmeliopsis hyperopta (Ach.) Vain. — Corticolous on conifer. 27.viii.2018: 22A — H.A.
Paquette 332 (59) (CANL). Lignicolous. 27.viii.2018: 22A — H.A. Paquette 311 (59)
(CANL). 12.ix.2018: 30E — H.A4. Paquette 694 (97) (CANL). Driftwood. 27.viii.2018:
22A — H.A. Paquette 324 (59) (CANL). 12.ix.2018: 30F — H.A. Paquette 400 (99)
(CANL).

+Peltigera aphthosa (L.) Willd. — Bryicolous. 26.viii.2017: 24B — H.A. Paquette 63 (30)

(CANL). 21.viii.2018: 24B — H.A. Paquette 164 (41) (CANL). 24.viii.2018: 24B — H.A.
Paquette 1000 (49) (CANL). 5.ix.2018: 27B — H.A. Paquette 549 (75) (CANL).
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Peltigera canina (L.) Willd. — Bryicolous. 10.viii.1971: 48°48' N, 64°13' W — Brodo 18626
(CANL).

Peltigera degenii Gyeln. — Bryicolous. 5.viii.1972: Cap Bon-Ami campground — G. Savage 26
(CANL).

Peltigera elisabethae Gyeln. — Bryicolous. 19.viii.2017: 28A — H.A. Paquette 24 (3)
(CANL). 23.viii.2018: 11A — H.A. Paquette 198 (46) (CANL). 16.ix.2018: 32A — H.A.
Pagquette 791 (110) (CANL).

+Peltigera extenuata (Nyl. ex Vain.) Lojka — Bryicolous. 12.ix.2018: 30D — H.4.
Paquette 696 (80) (CANL), ver.: R.T. McMullin.

Peltigera horizontalis (Huds.) Baumg. — Bryicolous. 15.i1x.2018: 9C — H.A. Paquette 786
(106) (CANL). 24.viii.2018: 24B — H.A. Paquette 270 (49) (CANL); H.A. Paquette 271
(49) (CANL). Bryicolous over calcareous rock. 26.viii.2017: 24A — H.A. Paquette 27
(28) (CANL). 5.ix.2018: 27A — H.A. Paquette 539 (74) (CANL).

Peltigera leucophlebia (Nyl.) Gyeln. — Bryicolous over rock. 1.ix.2018: 20 — H.4.
Pagquette 443 (67) (CANL).

+Peltigera malacea (Ach.) Funck — Terricolous on sand. 12.ix.2018: 30C — H.4.
Pagquette 680 (98) (CANL).

+Peltigera membranacea (Ach.) Nyl. — Bryicolous. 5.ix.2018: 27B — H.A. Paquette 550
(75) (CANL). 16.1x.2018: 32A — H.A. Paquette 788 (110) (CANL). 22.ix.2018: 32A —
H.A. Paquette 885 (118) (CANL).

Peltigera neopolydactyla (Gyeln.) Gyeln. — Bryicolous. 23.viii.2018: 11B — H.A.
Paquette 209 (47) (CANL). 26.viii.2018: 33A — H.A. Paquette 300 (56) (CANL).
1.ix.2018: 19B — H.A. Paquette 446 (66) (CANL), det.: R.T. McMullin. 22C — H.A.
Paquette 444 (64) (CANL). 21.ix.2018: 30D — H.A. Paquette 8§74 (95) (CANL)

+Peltigera praetextata (Florke ex Sommerf.) Zopf — Bryicolous. 23.vi1ii.2018: 11A —
H.A. Paquette 197 (46) (CANL). 26.viii.2017: 24B — H.A. Paquette 64 (33) (CANL).
4.ix.2018: 11A — H.A. Paquette 530 (73) (CANL). 7.ix.2018: 17C — H.A. Paquette 619
(82) (CANL). 17E — H.A. Paquette 624 (84) (CANL). Corticolous on root snag.
23.viii.2018: 1 — H.A. Paquette 215 (48) (CANL).

+Peltigera rufescens (Weiss) Humb. — Bryicolous. 6.i1x.2018: 30C — H.A. Paquette 595
(79) (CANL). 12.ix.2018: 30D — H.A. Paquette 692 (80) (CANL). 14.ix.2018: 14 — H.A.
Paquette 767 (102) (CANL). Terricolous on sandy soil. 12.ix.2018: 30D — H.A. Paquette
608 (80) (CANL). 30C — H.A. Paquette 675 (98) (CANL).

Phaeophyscia adiastola (Essl.) Essl. — Bryicolous over calcareous rock. 20.ix.2018: 3A —
H.A. Paquette 857 (113) (CANL). Corticolous on Picea glauca. 21.viii.2017: 18A — H.A.
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Paquette 72 (14) (CANL). Saxicolous, calcareous. 20.1x.2018: 3C — H.A. Paquette 8364
(112) (CANL); H.A. Paquette 836B (112) (CANL); H.A. Paquette 842 (112) (CANL).

Phaeophyscia decolor (Kashiw.) Essl. — Saxicolous. 5.viii.1972: Cap Bon-Ami campground —
G. Savage 43 (CANL).

Phaeophyscia hispidula (Ach.) Essl. — Corticolous. viii.1960: Cap Bon Ami — H.4. Imshaug
26482 (MSC).

+Phaeophyscia kairamoi (Vain.) Moberg — Bryicolous over calcareous rock.
21.viii.2017: 28C — H.A. Paquette 56 (19) (CANL). 19.ix.2018: 28C — H.A. Paquette 826
(19) (CANL).

Phaeophyscia orbicularis (Neck.) Moberg — Saxicolous. viii.1960: Cap Bon Ami — H.A.
Imshaug 26467 (MSC).

+Phaeophyscia pusilloides (Zahlbr.) Essl. — Corticolous on Acer saccharum. 16.1x.2018:
15B — H.A. Paquette 794 (109) (CANL).

+Phaeophyscia rubropulchra (Degel.) Moberg — Corticolous on Acer sp. 28.viii.2018:
15A — H A. Paquette 347 (62) (CANL); H.A. Paquette 359 (62) (CANL).

+Phaeophyscia sciastra (Ach.) Moberg — Saxicolous, calcareous. 20.ix.2018: 3C — H.4.
Paquette 835 (112) (CANL).

+Physcia adscendens H.Olivier — Corticolous on Malus sp. 21.viii.2017: 6 — H.A.
Paquette 80 (15) (CANL); H.A. Paquette 81 (15) (CANL). Lignicolous on driftwood.
12.ix.2018: 30F — H.A. Paquette 706 (99) (CANL); H.A. Paquette 708 (99) (CANL).

+Physcia alnophila (Vain.) Loht., Moberg, Myllys & Tehler — Corticolous, deciduous.
26.viii.2018: 33B — H.A. Paquette 294 (57) (CANL), det.: R.T. McMullin.

+Physcia millegrana Degel. — Lignicolous on driftwood. 12.ix.2018: 30F — H.4.
Pagquette 707 (99) (CANL).

+Physcia stellaris (L.) Nyl. — Corticolous on Sorbus sp. 26.viii.2018: 33A — H.A.
Paquette 471 (55) (CANL). Lignicolous on driftwood. 21.i1x.2018: 30F — H.A4. Paquette
880 (117) (CANL).

+Physcia tenella (Scop.) DC. — Saxicolous. 30.viii.2018: 2A — H.A. Paquette 391 (63)
(CANL), ver.: R.T. McMullin.

+Physconia detersa (Nyl.) Poelt — Corticolous on Acer sp., fallen. 28.viii.2018: 15A —
H.A. Paquette 348 (62) (CANL). Acer saccharum. 20.viii.2017: 4B — H.A. Paquette 32
(12) (CANL). 10.i1x.2018: 17G — H.A. Paquette 651 (87) (CANL). 16.ix.2018: 15B —
H.A. Paquette 793 (109) (CANL). Betula sp. 24.viii.2018: 24D — H.A. Paquette 262 (51)
(CANL). Quercus rubra. 14.ix.2018 — H.A. Paquette 752 (105) (CANL).

82



Placynthium nigrum (Huds.) Gray — Saxicolous on limestone. 10.viii.1971: 48°48' N,
64°13' W — Brodo 18655 (CANL). 19.ix.2018: 29C — H.A. Paquette 818B (111) (CANL),
det.: R.T. McMullin.

+Platismatia glauca (L.) W.L.Culb. & C.F.Culb. — Corticolous on Abies balsamea.
19.viii.2017: 28A — H.A. Paquette 117 (7) (CANL). Picea glauca. 19.viii.2017: 28A —
H.A. Paquette 91 (5) (CANL); H.A. Paquette 92 (5) (CANL). Juniperus horizontalis.
22.viii.2017: 17B — H.A. Paquette 65 (23) (CANL). Lignicolous. 3.ix.2018: 8 — H.A4.
Paquette 495 (70) (CANL). Roof of picnic shelter. 12.ix.2018: 30E — H.A. Paquette 714
(100) (CANL). Standing snag. 24.viii.2018: 23 — H.A. Paquette 249 (52) (CANL).

Protopannaria pezizoides (Weber) P.M.Jorg. & S.Ekman — Bryicolous. 21.viii.2018: 24C
— H.A. Paquette 135 (40) (CANL). 23.viii.2018: 11B — H.A. Paquette 207 (47) (CANL).
5.ix.2018: 27A — H.A. Paquette 542 (74) (CANL). 10.ix.2018: 17G — H.A. Paquette 654
(88) (CANL). 14.ix.2018: 10D — H.A. Paquette 733 (103) (CANL).

+Punctelia rudecta (Ach.) Krog — Corticolous on Acer saccharum, fallen. 15.ix.2018: 9B
— H.A. Paquette 779 (45) (CANL).

Ramalina dilacerata (Hoffm.) Hoffm. — Corticolous on Abies balsamea snag.
20.viii.2017: 4A — H.A. Paquette 48 (13) (CANL). Picea glauca. 9.ix.2018: 2B — H.A.
Paquette 634 (85) (CANL). Lignicolous. 4.i1x.2018: 22A — H.A. Paquette 518 (71)
(CANL).

Ramalina farinacea (L.) Ach. — Corticolous on Abies balsamea snag. 20.viii.2017: 4A —
H.A. Paquette 67 (13) (CANL). Picea sp. 19.viii.2017: 28A — H.A. Paquette 23 (3)

(CANL). 21.viii.2017: 18A — H.A. Paquette 58 (14) (CANL). Picea glauca. 20.viii.2017:
4B — H.A. Paquette 97 (11) (CANL). 19.ix.2018: 28B — H.A. Paquette 824 (18) (CANL).

Ramalina roesleri (Hochst. ex Schaer.) Nyl. — Corticolous. 6.i1x.2018: 30C — H.4.
Paquette 593 (79) (CANL). Abies balsamea snag. 20.viii.2017: 4A — H.A. Paquette 49
(13) (CANL); H.A. Paquette 50 (13) (CANL). Picea sp. 19.viii.2017: 28A — H.A.
Paquette 68 (3) (CANL). Picea glauca. 6.1x.2018: 30C — H.A. Paquette 588 (79)
(CANL).

+Scytinium tenuissimum (Hoffm.) Otélora, P.M.Jerg. & Wedin — Bryicolous. 4.ix.2018:
21 — H.A. Paquette 536B (72) (CANL).

*+Scytinium teretiusculum (Wallr.) Otalora, P.M.Jorg. & Wedin — Bryicolous over rock.
16.ix.2018: 32A — H.A. Paquette 791B (110) (CANL), det.: R.T. McMullin, J.C.
Lendemer.

FIGURE 2.6 A-B.
NOTES. — This specimen lacks apothecia (they are usually uncommon in this species)
and has abundant coralloid extensions, that look like isidia, growing from squamulose
lobes (frequently obscuring the lobes) (Ahti et al. 2007, Hinds & Hinds 2007).
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Stereocaulon condensatum Hoffm. — Terricolous on sand. 6.1x.2018: 30C — H.A.
Pagquette 598 (77) (CANL).

Stereocaulon paschale (L.) Hoffm. — Terricolous on sand. 24.viii.2017: 30C — H.A.
Paquette 28 (25) (CANL), det.: R.T. McMullin. 21.ix.2018: 30E — H.A4. Paquette 869
(100) (CANL).

+Stereocaulon tomentosum Fr. — Bryicolous. 4.ix.2018: 21 — H.A. Paquette 5364 (72)
(CANL), det.: R.T. McMullin. Saxicolous. 16.ix.2018: 32A — H.A. Paquette 792 (110)
(CANL), det.: R.T. McMullin.

Tuckermanopsis sp. 1 — Corticolous on Picea glauca. 9.ix.2018: 2B — H.A. Paquette 635
(85) (CANL).

Appendix A.S5.
NOTES. — This specimen has laminal apothecia and lacks lichen substances. See
Appendix for further discussion.

+Tuckermanopsis americana (Spreng.) Hale — Corticolous on Abies balsamea snag.
20.viii.2017: 4A — H.A. Paquette 111 (13) (CANL). Betula sp. snag. 21.ix.2018: 30E —
H.A. Paquette 872 (100) (CANL). Lignicolous. 3.ix.2018: 8 — H.A. Paquette 499 (70)
(CANL). Roof of kitchen shelter. 11.ix.2018: 2B — H.A. Paquette 1010 (94) (CANL).

Tuckermanopsis ciliaris (Ach.) Gyeln. — Corticolous on Betula sp. 26.viii.2018: 33A —
H.A. Paquette 276 (55) (CANL).

Tuckermanopsis orbata (Nyl.) M.J.Lai — Corticolous on conifer. 10.ix.2018: 171 — H.4.
Paquette 661 (93) (CANL). Picea mariana. 24.viii.2017: 30A — H.A. Paquette 61 (26)
(CANL).

+Tuckermanopsis sepincola (Hoffm.) Hale — Lignicolous. 27.viii.2018: 22A — H.A.
Pagquette 1011 (59) (CANL).

Usnea sp. 1 Gyeln. — Corticolous. 21.ix.2018: 30E — H.A. Paquette 695 (97) (CANL); H.A.
Pagquette 871 (100) (CANL).

NOTES. — These specimens contain usnic acid and traces amounts of salazinic acid
(confirmed with TLC). The soralia are granular and mostly tuberculate as in U.
substerilis; however, some are distinctly excavate, wrapping around the entire branch and
bearing cortical 'flaps' which is typical of U. lapponica (Goward 1999). In addition, U.
substerilis usually has some isidiate soralia which were not observed in our specimens.

Usnea dasopoga (Ach.) Nyl. — Corticolous on Abies balsamea. 26.vi1ii.2018: 33A — H.A.
Paquette 283 (55) (CANL). 27.viii.2018: 22A — H.A. Paquette 338 (59) (CANL). Picea

sp. 19.vii1.2017: 29B — H.A. Paquette 55 (2) (CANL). 27.v1ii.2018: 22A — H.A. Paquette
336 (59) (CANL); H.A. Paquette 337 (59) (CANL). 2.ix.2018: 24E — H.A. Paquette 462
(69) (CANL). 14.ix.2018: 10C — H.A. Paquette 745 (37) (CANL); H.A. Paquette 746
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(37) (CANL). Picea glauca. 21.ix.2018: 30E — H.A. Paquette 8§65 (100) (CANL).
Lignicolous on conifer snag. 27.viii.2017: 10B — H.A. Paquette 34 (36) (CANL).
22.viii.2018: 9A — H.A. Paquette 175 (44) (CANL).

+Usnea diplotypus Vain. — Corticolous on Betula sp. snag. 21.ix.2018: 30E — H.A.
Paquette 8§70 (100) (CANL). Picea sp. 27.viii.2018: 22A — H.A. Paquette 318 (59)
(CANL). Picea glauca. 24.viii.2018: 1 — H.A. Paquette 251C (48) (CANL).

Usnea longissima Ach. — Corticolous on Abies balsamea. 13.viii.1971: 48°51' N, 64°25'
W — Brodo 18731B (CANL).

+Usnea scabrata Nyl. — Corticolous on Picea sp. 14.ix.2018: 10C — H.A. Paquette 747
(37) (CANL). Lignicolous on Thuja occidentalis snag. 3.ix.2018: 8 — H.A. Paquette 486
(70) (CANL).

+Usnea silesiaca Motyka — Corticolous on Abies balsamea. 1.ix.2018: 22B — H.A.
Pagquette 1014 (65) (CANL).

Usnea subfloridana Stirt. — Corticolous on Abies balsamea snag. 20.viii.2017: 4A — H.A.
Paquette 47 (13) (CANL). Acer sp., fallen. 28.viii.2018: 15A — H.A. Paquette 361 (62)
(CANL). Lignicolous on roof of kitchen shelter. 11.i1x.2018: 2B — H.A. Paquette 1012
(94) (CANL).

+Vahliella leucophaea (Vahl) P.M.Jorg. — Saxicolous. 16.ix.2018: 32A — H.A. Paquette
790 (110) (CANL), det.: R.T. McMullin, J.C. Lendemer. 22.ix.2018: 32A — H.A.
Paquette 888 (118) (CANL), det.: R.T. McMullin, J.C. Lendemer.

Vulpicida pinastri (Scop.) J.-E.Mattsson & M.J.Lai — Corticolous on Abies balsamea.
19.viii.2017: 28A — H.A. Paquette 115 (7) (CANL). Thuja occidentalis. 2.ix.2018: 24E —
H.A. Paquette 474 (69) (CANL). Lignicolous on driftwood. 27.viii.2018: 22A — H.A.
Paquette 313 (59) (CANL). Snag. 26.viii.2018: 33B — H.A. Paquette 293 (57) (CANL).
Thuja occidentalis snag. 3.1x.2018: 8 — H.A. Paquette 501 (70) (CANL).

+Xanthomendoza hasseana (Résénen) Sechting, Kirnefelt & S.Y.Kondr. — Corticolous
on Populus sp. 7.1x.2018: 17C — H.A. Paquette 614 (82) (CANL).

Xanthoria elegans (Link) Th. Fr. — Saxicolous. 20.ix.2018: 3C — H. 4. Paquette 1015
(112) (CANL). Calcareous rocks. 28.viii.2017: 2A — H.A. Paquette 1274 (39) (CANL).
28.viii.2017: 2A — H.A. Paquette 103 (38) (CANL). 30.viii.2018: 2A — H.A. Paquette 389
(63) (CANL); H.A. Paquette 394 (63) (CANL); H.A. Paquette 1013 (63) (CANL).

+Xanthoria parietina (L.) Th. Fr. — Corticolous on Picea sp. 9.1x.2018: 2B — H.A4.

Paquette 643 (85) (CANL). Populus tremuloides. 21.1x.2018: 30F — H.A. Paquette 878
(117) (CANL).
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Xanthoria polycarpa (Hoffm.) Rieber — Corticolous. 20.viii.2017: 4C — H.A. Paquette
118 (8) (CANL).

Xanthoria sorediata (Vain.) Poelt — Saxicolous. 10.viii.1971: 48°48' N, 64°13' W — Brodo
18663 (CANL).
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A.3  Key to the macrolichens of Forillon National Park

Characters and measurements in the keys are based on material from Forillon

examined by the authors, unless otherwise cited.

KEY TO THE GENERA

L. ThallUus frUtICOSE. ...eeuviieiiieiieeit ettt ettt ettt ettt et et e st e ebeessaeebaeenbeenseesnneensaens 2
1. Thallus foliose (including sqUAMUIOSE) .........ccueeiieriiieiieieeieee e 15
2. Sub-fruticose, erect f0li0S€ O MICTOTTULICOSE.....uvviviiiiiiiiiiiiieeeee ettt eaeeeee e 3
2. Fruticose (i.e., stalked, pendant or tufted, and not distinctly dorsiventral) ..................... 6

3. Thallus appearing microfruticose due to abundant coralloid extensions (superficially
resembling isidia) originating from and obscuring squamulose lobes; primary photobiont
1S CYANODACLEIIA. ..eeuviieiiieiieeie ettt ettt e et e st e e bt e e e eabeesaaeesbeassaeenseessseenseassseenseens 4
3. Sub-fruticose, erect foliose; primary photobiont is algae ...........ccccceeriienieniieniieniieens 5

4. Apothecia abundant, lecanorine with a burgundy disk; ascospores muriform (3
longitudinal septa and 5 transverse septa) and ca. 21 x 14 pm......... Scytinium tenuissimum
4. ApOthecia abSent.........ccieviiiiiiiiieiiee e S. teretiusculum

5. Corticolous or saxicolous (on limestone); lobes with a grey-white upper cortex and an
ecorticate channel along the lower surface; conspicuous pale grey cilia projecting from

lobe margins; pseudocyphellae absent............cccoecveevieriiinieniieniieeene, Anaptychia crinalis
5. Terricolous; lobes brown to tan with an upper and lower cortex; cilia not projecting
from lobe margins; pseudocyphellae cCONSPICUOUS ........eevvvervieriieeiieniieeiieienne, CETRARIA
6. Thallus with cephalodia..........c.ccoecuieriieiienieeieecee e, STEREOCAULON
6. Thallus without cephalodia............c.oocuiiiiiiiiiiiieieee e 7
7. Primary thallus crustose; secondary thallus with biatorine apothecia atop short, robust
stalks (ca. 1.5-2 MM tall)......coouiiiiiiiieiiiecee e e 8
7. Primary thallus foliose Or frutiCOSE. ......eiuiiiiiiiriieiieiie ettt 9

8. Primary thallus white to grey, medulla PD+ yellow and KOH+ yellow (bacomycesic

acid); apothecia PINK.........coocviiiiiiiiiiieeee e Dibaeis baeomyces
8. Primary thallus greenish, medulla PD+ orange and KOH+ yellow (stictic acid);
ApOthecia TeA-DIOWIN. ......ccueiiiiiiieiie et Baeomyces rufus

9. Branches covered in a thick, whitish, arachnoid tomentum and blue-grey phyllocladia
........................................................................................................................ S. tomentosum
9. Branches without a tomentum and phyllocladia...........cccccoeeviiiiiiniiiniiiiicieceeeee, 10



10. Thallus stalked; branches/podetia hollow; usually terricolous.................... CLADONIA

10. Thallus tufted to pendant; branches hollow or not; corticolous or lignicolous............ 11
11. Thallus pale brown to dark brown/blackish; KC- (usnic acid absent)............ BRYORIA
11. Thallus green-yellow; KC+ yellow (Usnic acid)........ccoceeveerieneenienieneinienieniceieeeene 12
12. Branches with central Cord...........ccooviiiiiiiniiiiiiiiecee e USNEA
12. Branches without central Cord ...........coooieiiiiiiiiiiinieciieeeee e 13

13. Thallus distinctly pendant; corticolous; esorediate; pseudocyphellae abundant, raised

and WHitiSh.........oooviiiiiiii e Alectoria sarmentosa
13. Thallus clearly tufted; sorediate, or if esorediate, then branches hollow and perforated
............................................................................................................................................ 14

14. Cortex limp, making thallus pliable; soredia coarse and developing along ridges,
rarely becoming almost isidioid; apothecia absent...........c.cccoceevuene. Evernia mesomorpha
14. Cortex robust, thallus brittle when dry; sorediate or not, if sorediate then soredia
developing in discrete soralia or terminally on branch tips; apothecia present or absent

............................................................................................................................ RAMALINA
15. Erect foliose, appearing Sub-frutiCOSE.........eevuiieriierieeiieiie ettt 16
15. Distinctly foliose (including squamulose), with clear differentiation between the

Upper and LOWET SUTTACE ......cooiiiiiiiieeiiee ettt et 17

16. Corticolous or saxicolous (on limestone); lobes with a grey-white upper cortex and an
ecorticate channel along the lower surface; conspicuous pale grey cilia projecting from

lobe margins; pseudocyphellae absent............cccoecveevieriienienieenieeene, Anaptychia crinalis
16. Terricolous; lobes brown to tan with an upper and lower cortex; cilia not projecting
from lobe margins; pseudocyphellae cONSPICUOUS .......eeevvvievieriieeiieiieeiieienne CETRARIA
17. Cyanobacterial photobiont (including lichens with cephalodia) ...........c.ccccoeevieneenne. 18
17. Algal PhotODIONE .....ooeiiiiieiieeiiece et ettt ae e e e 30
I8, SQUAMULOSE ..ottt ettt ettt et e et e et eesaeeenbeeseeeaseenseeennes 19
I8, FOLIOSE ...ttt ettt et b ettt b et et sbe et e 23
19. Thallus gelatinous when wet; with abundant isidioid growths growing from and
obscuring tiny 10bes ........c.cccccueeviieniieiiieieeieeee e LEPTOGIUM & SCYTINIUM
19. Thallus not gelatinous When Wet...........c.cccuiiviiiiiieiieeiieie e 20
20, SAXICOLOUS ..ottt ettt ettt ettt et b et eatesbe e bt eaeesbeenteeneenaes 21
20. CorticOloUS OF DIYICOLOUS. .....eiiiieiieeiieiie ettt ettt ettt siae e e eeeeenee e 22

21. Ascospores non-septate, colourless, ellipsoidal and ca. 15 (13.8-15.3) um long; robust
blackish hypothallus; lobes greyish and roundish (ca. 0.5 mm) with black hypothallus
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visible between LoDEs; ......c.occieviieiiiiiiieiiee e Vahliella leucophaea
21. Ascospores 1-2-septate, colourless, ellipsoidal and ca. 14 (10.7-15.3) pm long;

conspicuous blue-black hypothallus; lobes brownish, branching in tiny rosettes, <0.5 mm
WEAC ..ottt ettt ettt ettt ettt et e et e e b e et e et e e saeesnbeebeeenbeeseeenaeens Placynthium nigrum

22. Non-isidiate; thallus grey-brown without an obvious hypothallus; medulla without
lichen substances; ascospores simple, colourless, ca. 23 um long and heavily ornamented
(visible at 400X magnification) ..........cccceeeeveerieeieeniieeieeee e Protopannaria pezizoides
22. Isidiate, often obscuring thallus of flat, grey squamules with conspicuous black
hypothallus; corticolous; if fruiting, apothecia lecanorine, pale brown disks; thallus

without lichen subsStances ...........cccccoeeieeriiiiienieiieeceeeee, Parmeliella triptophylla
23. Thallus gelatinous WHhEen Wet.........c.cccuiiriieiiieiiieiiecie ettt 24
23. Thallus not gelatinous WHhen Wet..........ccceeiieiiiiiiienie et 25
24. Thallus not stratified ..........cccceveevenienieniiiiieneeeene COLLEMA & LATHAGRIUM
24. Thallus stratified .........ccceveeveniieninieneneeceeeens LEPTOGIUM & SCYTINIUM
25. Thallus with algal primary photobiont and cyanobacteria in cephalodia.................... 26
25. Thallus with cyanobacterial primary photobiont, cephalodia absent........................... 27

26. Lower cortex pale and tomentose; cephalodia occurring on lower surface or internally

(though visible as bumps on the lower surface)...........ccceeeveeveerciienieniiienieeieee. LOBARIA
26. Lacking lower cortex; cephalodia occurring on upper surface................... PELTIGERA
27. Thallus lacking a lower cortex; lower surface veined or with pattern of dark and light

spots, sometimes unclear at MAargins.........cccueeeveerieerieenieeniienie e eee e eee e PELTIGERA
27. Thallus With @ JOWET COTEEX...ccuvtruiiiiiiiniierieiieriteieee ettt 28

28. Thallus rosette forming, grey-brown with a bluish hypothallus.... Pannaria rubiginosa
28. Thallus typically ascending, not forming rosettes and without a hypothallus............. 29

29. Lower surface heavily tomentose; thallus yellowish-grey with reticulate ridges;
bluish-grey soredia marginal and in laminal soralia..............ccceoeennee. Lobaria scrobiculata
29. Lower surface more or less smooth, if tomentose then minutely; thallus brown or
bluish with or without wrinkles but never reticulate ridges; sorediate or not.. NEPHROMA

30. Thallus YEllOW OF OTANZE .....eevuvieiieeiiieiieeie ettt ettt ettt e e eseesebeesbeenenas 31
30. Thallus shades of mineral grey, white, brown or charcoal ..............cccooevieiiiniininnn. 32

31. Soredia abundant, bright yellow and marginal; corticolous or lignicolous; medulla
BIIGIt YEILOW ...t Vulpicida pinastri
31. Sorediate or not; saxicolous or, if corticolous, then esorediate; medulla white
.................................................................................. XANTHORIA & XANTHOMENDOZA

32. Thallus umbilicate (i.e. attached to substrate at a central anchor); perithecia dark
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brown dots across upper cortex; saxicolous on limestone........... Dermatocarpon miniatum
32. Thallus not umbilicate or peritheciate; corticolous, lignicolous or saxicolous ........... 33

33. Medulla orange, KOH+ purple (skyrin); soredia coarsely granular, greenish and

primarily marginal ...........cccoeeviiiiiiiiiieiieeie e P. rubropulchra
33. Medulla white, KOH+ but never + purple (skyrin absent); sorediate or not............... 34
34. Lobes Narrow (<8 MMM ......vieecuiieeiiieeiieccieeeeiee et eeireeeeateeeteeeeaaeesarseesaseeesaseeenaseeennns 35
34. Lobes broad (38 MM ....ccuviieiieieiiicciee et 44
35. Thallus brown to olivaceous and Shiny...........ccccceeviiriiierieniiiinieee e 36
35. Thallus not both brown to olivaceous and shiny ..............cccceeviieiiiiiinciinieeieeeeee, 37

36. Lobes closely appressed to substrate; if fruiting, then apothecia originating laminally

ON thallUS ..o MELANELIXIA & MELANOHALEA
36. Lobes ascending, with a ruffled appearance; if fruiting, then apothecia originating

from lobe margins, or rarely laminally ...........cccoocoviiiiiiiiiinenen. TUCKERMANOPSIS
37. Lobes inflated, hollow; medulla KC+ rose (physodalic acid) ............... HYPOGYMNIA
37. Lobes not inflated, solid; medulla KC-......cc.oovvviiiiiiiiiiiiieeeeeeeeeeeeeeeee e 38
38. Cortex KOH 0 KCH ..ottt 39
38. Lichen substances absent, or with zeorin (negative in Spot tests).........cceevverereneenee. 43
39. Cortex KOH-, KC+ (usnic acid) ........cceeeeveeevieeieiieeeiiee e PARMELIOPSIS
39. Cortex KOH+, KC- (without usnic acid)...........cccueieviiieciieeiee e 40

40. Cortex KOH+ yellow turning blood red, PD+ orange (salazinic acid) ....... PARMELIA
40. Cortex KOH= yellow, PD= ....c.ooiiiiiieiieeee ettt 41

41. Cortex and medulla KOH+ deep yellow, PD+ orange, UV- (thamnolic acid); isidiate
................................................................................................................ Imshaugia aleurites

41. Cortex KOH+ yellow, PD- (atranorin); medulla UV+; non-isidiate ...........c..ccceun..... 42
42. Medulla and soredia both UV+ white (divaricaric acid) ..................... PARMELIOPSIS
42. Medulla and/or soredia UV- (without divaricaric acid)..........cccccccuvreevereennennns PHYSCIA

43. Thallus brownish-green with thick white pruina covering lobe tips; lower surface
black with dense cushion of squarrose rhizines; marginal soralia greenish-brown; without
lichen substances in cortex or medulla; corticolous ............ccceeeeerueennnn. Physconia detersa
43. Thallus colour variable; lobes never pruinose; rhizines simple; sorediate or not;
without lichen substances, or with zeorin only; saxicolous, bryicolous or corticolous
.................................................................................................................. PHAEOPHYSCIA

44. Cortex KOH- (protolichesterinic), or if KOH+ yellow (atranorin) then also UV+ blue-
white (alectoronic); thallus brown to olivaceous...........ccccvervrennennne. TUCKERMANOPSIS
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44. Cortex KOH+ yellow (atranorin); thallus white to brownish or mineral blue-grey ....45

45. Medulla KC+ red, C+ red (lecanoric acid); thallus appressed to substrate, mineral
blue-grey; abundant punctate white pseudocyphellae on upper surface; isidia cylindrical
and 1aminal.........coccooiiiiiiiii s Punctelia rudecta
45. Medulla without lichen substances; thallus ascending, appearing frilly, colour
variable from almost white to greenish-pale brown; pseudocyphellae absent; isidia and/or
soredia marginal and laminal..............cccccoeiiiniiiiiiniiieee, Platismatia glauca

KEY TO THE SPECIES

BRYORIA:
L. SOTEAIALE oo 2
L B SOTEAIALE ..coeeeeieeeeeeeeeeeeeeeeeee e 5

2. Lichen substances absent; thallus dark brown; pseudocyphellae absent
.................................................................................................................. Bryoria simplicior
2. Lichen substance present, various; thallus colour light tan to black; pseudocyphellae
PIESENE OF ADSEIL ...eevvieiiieiiieeiieesiie et eitesiteettesiteesteessaeeseeesbeenseessseenseesnseanseessseenseessseenseennnas 3

3. Cortex and medulla PD+ yellow, KOH+ yellow and C+ pink (flash) (barbatolic acid
and trace amounts of alectorialic acid); soralia PD+ red (fumarprotocetraric acid) and

strongly bending branches; thallus tan to tan-grey .........cccceeevevienennnene B. nadvornikiana
3. Cortex and/or soralia C-, KOH-, PD+ red (fumarprotocetraric acid); thallus typically
AATK DIOWI ... 4

4. Soralia with thorn-like isidia growing from them; cortex and medulla, including soralia
PD+ red (fumarprotocetraric acid); pseudocyphellae absent................ccec...... B. furcellata
4. Soralia without isidia; thallus without lichen substances, however soralia PD+
orange/red (fumarprotocetraric acid); thallus brown with inconspicuous narrow, whitish
pseudocyphellae that are slightly depressed, or dark brown to black and pseudocyphellae

ADSEIIL ...ttt ettt et et st e ettt e bt e et e e bt e tbeebeeeabeenbeennnas B. fuscescens
5. Lichen substances absent; pseudocyphellae absent...........c.cccceevvveneennennen. B. simplicior
5. Lichen substances present, variable; pseudocyphellae present............cceecvevvieniienieannn. 6
6. Cortex C+ red (gyrophoric acid)........cueevuieriieiiienieiiieie e B. friabilis
6. COTEEX ettt ettt e a e et e s bt e et e s bt s beesaee e bt e ssneenee 7

7. Medulla and inner cortex PD+ red (fumarprotocetraric acid); outer cortex without
lichen substances; pseudocyphellae ovoid .........c.cccceeveiieniiennenns B. trichodes ssp. trichodes
7. Medulla without lichen substances, or with same chemistry as cortex; cortex PD+
orange or yellow (salazinic or psoromic acids) or KOH+ yellow (barbatolic acid);
pseudocyphellae elongate-fusiform ...........occueeciieiiiiiiiiiieceeeceee e 8
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8. Cortex KOH+ yellow to red and PD+ orange (salazinic acid — requires TLC, spots tests
were unreliable for our specimen); medulla without lichen substances; thallus dark

olivaceous, slightly twisted and curling.............cccceeeveevvennnnnne. B. salazinica (Fig. 2.4. A-B)
8. Cortex and medulla PD+ yellow; thallus not distinctly twisted and curling................... 9

9. Cortex and medulla KOH+ yellow (barbatolic acid); thallus pale brown/tan ...... B. pikei
9. Cortex and medulla KOH- (psoromic acid — requires TLC, spots tests were unreliable
for our specimen); thallus dark brown-olivaceous............ccccceevieeiiienieniienenne. B. kockiana

CETRARIA:

1. Medulla PD+ red (fumarprotocetraric, lichesterinic, and protolichesterinic acids); lobes
canaliculate with a pitted surface; pseudocyphellae laminal and marginal; apothecia not
observed in Forillon material (they are uncommon in the C. islandica group and rare in
ssp. crispiformis, according to Karnefelt 1979)............ Cetraria islandica ssp. crispiformis
2. Medulla PD- (lichesterinic acid); lobes canaliculate with a smooth surface;
pseudocyphellae marginal, forming a more or less continuous line; apothecia concolorous
with thallus, marginal on lobe tips..........ccceeveerviienienciieieenee. C. ericetorum ssp. ericetorum

CLADONIA:

1. Podetia without a cortex, appearing dull and webby; abundantly branched forming

dense CUShIONS OVEL SUDSIIALE ......ccueeiiriiiriiiieriieieeteet ettt s 2
1. Podetia with a cortex, appearing smooth; abundantly branched or not; not typically
forming dense cushions OVEr SUDSIIALE ..........cc.eeviieiieriieiiecee et 4

2. Thallus greyish-white, KC-, PD+ red, KOH+ yellow (fumarprotocetraric acid,

atranorin); tips of podetia appearing swept to one side ...................... Cladonia rangiferina
2. Thallus yellowish-green, KC+ yellow, P-, KOH- (usnic acid)........c.cceoevvuerieneniencennene 3
3. UV-, containing rangiformic acid (requires TLC to confirm); thallus with a central

branch or trunk, forming mats without hemispherical mounds............c.cccceveenenee. C. mitis
3. UV+ blue-white (perlatolic acid); thallus without a central branch, forming distinct

hemispherical MOUNAS ........ccoeviiiiiiiiieiiieece e e C. stellaris
4. Podetia abundantly branched ............ccoooiiiiiiiiiiiiiiiiieceeeee e 5
4. Podetia not branched or sparsely branched..............cccoeiiiiiiiiiiiiiiniiiieeeeee e 7

5. Thallus greenish-grey, KC- PD+ red (fumarprotocetraric acid only); esorediate
............................................................................................................................... C. furcata

6. Podetia finely branched (ca. 2 mm wide) with pointed, thorn-like tips.... C. uncialis ssp.
uncialis

6. Podetia thickly branched (ca. 4 mm wide) with many perforations at tips
............................................................................................... C. labradorica (Fig. 2.4. C-D)
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7. Podetia fOrmMING CUPS .....oocuieiiiiiiieiieeitecte ettt ettt ettt e sae b e saaeesseeseseenseens 8

7. Podetia not fOrMING CUPS ...oevieiiieiieiiieiieeie ettt ettt et e et eseesabeesbeennnas 24
8. APOLNECIA PIESENL.....ecueieieiieiieeiie ettt te ettt te et e st e et esabeebeessaeeseesaseesseessseenseessseenne 9
8. APOLhECTIA ADSENL ... eiitieiiieiiieciie ettt ettt ettt e et e et e st e e beeenbeebeesnseesaens 19
0. APOLNECTIA T@A ...ttt ettt ettt et e st e e bt e ssbeenseeeabeenbeennnas 10
0. APOLNECTIA DIOWI....uiiiiiieiiiieiie ettt ettt ettt e et e e eebeeeabeenbeennnas 13
1O, Medulla UVttt sttt sttt s 11
10. Medulla UV+ blue-white (squamatic acid) ........ccceeveecveenieniienieniieienne, C. sulphurina

11. Thallus esorediate; without zeorin (negative in spot tests — TLC required to confirm);
apothecia proliferating from margins of irregular, indistinct open cups (look like open

AXAS) ettt e b e ab e e e b e e e e e e e baeeereeeeanes C. cristatella
11. Thallus sorediate; with zeorin (negative in spot tests — TLC required to confirm).....12
12. Soredia granular; cups with €ven margins ..........cceceevveeeereenienieneenieeeeneenn C. pleurota
12. Soredia farinose; cups with irregular margins .............cceeeveeeeeviescieennennenns C. deformis
13. Thallus UV+ blue-white (squamatic acid) or whitish (homosekkaic acid) ................. 14
I3, ThalTus UV = Lttt ettt et b ettt sb e e nes 15

14. Thallus PD+ red, UV+ whitish (fumarprotocetraric, typically trace amounts, and
homosekkaic acids — requires TLC to confirm); podetia not branched or heavily
PEITOTALEA ...ttt ettt et ettt et e e b e e teeenbeenbeeenbeeneens C. rei
14. Thallus PD-, UV+ bright blue-white (squamatic acid only); podetia branching 2-3
times and heavily perforated at branch junctions .......................... C. crispata ssp. crispata

15. Cups with distinct corticate, plate-like squamules inside............ccceevuvenenn. C. pyxidata
15. Cups sorediate or not, but never with corticate squamules inside...........ccceeeevuernnenne. 16

16. Podetia esorediate; apothecia proliferating from cup margins C. gracilis ssp. turbinata
16. POdetia SOTEAIALE .....couveeuieiieiiiiieiceiec ettt ettt 17

17. Thallus greenish, PD+ red (fumarprotocetraric acid only — requires TLC to confirm);
podetia, including cups, with granular soredia; apothecia marginal on cups
....................................................................................................................... C. chlorophaea
17. Thallus brownish, with other chemistry, without fumarprotocetraric acid; podetia,
including cups, with granular soredia; apothecia marginal on cups .........cecceveeeveeiennnenne. 18

18. Thallus with cryptochlorophaeic acid (requires TLC to confirm) C. cryptochlorophaea
18. Thallus with merochlorophaeic acid (requires TLC to confirm)... C. merochlorophaea

19. POAEtia SOTEAIALE ..ooeeeeeeeeieeieieeeeeeeeeee e 20



19. POAEtia €SOTEAIALE ....ooeeeeeieeieieieeeeeeeeeeeeeeeeeeeee e 21

20. Thallus UV+ blue-white (squamatic acid) and PD-; cups open with margins curled

TIWATA Lttt sttt et sttt sttt et sae e C. cenotea
20. Thallus UV- and PD+ red (fumarprotocetraric acid); cups closed, margins not curled
TIWATA ..ttt ettt ettt e et e e bt e esbe e teeenbeenbeesnbeenseeenaeens C. ochrochlora

21. Thallus KOH+ yellow and PD+ red (atranorin and fumarprotocetraric acid); cups
closed, but podetia perforated............ccoeoeeriieiiinciiinieeieeee C. ecmocyna ssp. ecmocyna
21.Thallus KOH-, PD+ red (fumarprotocetraric only); cups open or close....................... 22

22. Cups singular, without proliferations; podetia with abundant squamules

23. Cups with apothecia proliferating from the margins; cups heavily perforated (looks

JTKE @ STEVE) .vvieiieeiieeiie ettt ettt ettt ettt et e st e e b e snbeensaeeaae e C. multiformis
23. Cups with cups proliferating from centres of cups (in tiers like a cake); cups not

PEITOTALEA ...ttt ettt enaaens C. verticillata
24, APOLhECTA TEA ...ttt ettt et et e s aaeesbeessbeenseesneeenne 25
24, APOLhECTIA ADSENL......eiiiieiiieiieeiieiie ettt et sit e et e s e ebeesaaeesbeessseenseenneeenne 27
25. Podetia UV-; €S0TEAIALE .....coeviiiiiiiiiiiiieeeeeeeeeeeeee et eesaaaees C. cristatella
25. Podetia UV+ blue or white; SOrediate Or MOt ...........oovvvimeviiiiieiiiiiiieieeeeeeeeeeiieeeeeee 26

26. Podetia sorediate; thallus UV+ white (barbatic acid, UV reaction sometimes hard to

see — TLC required to confirm) .........ccoeevevieeiienieenienieeeeee. C. macilenta var. bacillaris
26. Podetia esorediate, with abundant squamules covering entire stalk; thallus UV+ blue-
White (SqQUAMALIC ACIA) ..eeivieeiieiiieiieie ettt et C. bellidiflora

27. Thallus UV+ blue-white (squamatic acid); esorediate; podetia heavily squamulose

........................................................................................................................... C. squamosa
27. Thallus UV-; sorediate or not; podetial squamulose Or NOt ...........cceeeveerieerieenirennnnne. 28
28. Sorediate or with corticate granules...........cceecueeviieriiiiiinieeiece e 29
28, ESOTEAIALE. .....eveeuteeiieiieieeiteste ettt sttt ettt et sbe et st sb et e nas 33

29. Podetia with corticate granules; podetia KOH+ yellow, PD- (atranorin, * traces of

NOTSEICEIC ACIA)...vviiiiiiieiie ittt e e e e e eve e e eaveeeeaseeens C. acuminata
29. Podetia sorediate; podetia KOH+, PD+ red (fumarprotocetraric acid)........................ 30
30. Soredia granular, terminal on podetial tips; podetia squamulose .......... C. scabriuscula
30. Soredia more widespread; podetia not SqQUAMUIOSE..........ccecveeriieriieniieniieieeie e, 31
31. Soredia granular, covering at least the upper half of podetia ................. C. ochrochlora

94



31. Soredia fINe OF TATTNOSE ....cooeeieeeeeeeeeeeee e, 32

32. Farinose soredia covering entire stalk............cccocceeviiieiieniiinieniicieeieee, C. coniocrea
32. Fine soredia patchy on upper half of stalks ............ccccceerirennen. C. cornuta ssp. cornuta

33. Thallus KOH+ yellow, PD+ red (atranorin and fumarprotocetraric acid; TLC may be
required to confirm atranorin as it can be in low quantities and the spot test is often hard
to see); podetia robust, with abundant green leafy squamules.............c.ccceeneeee. C. turgida
33. Thallus KOH-, PD+ red (fumarprotocetraric acid only); podetia slender and without
1€ALY SQUAIMULES......c.eiiiiieiieeie et ettt et e et e st e ebeeeabeenbeennnas 34

34. Podetia greenish, smooth; stalks 6-7 cm tall and robust (ca. 2 mm) ............ C. maxima
34. Podetia brownish, smooth; stalks 4-5 cm tall and narrow (< 1 mm)
.......................................................................................................... C. gracilis ssp. gracilis

COLLEMA & LATHAGRIUM:

L. COTEICOIOUS ...ttt et sa ettt st e bt et e st enaeebesaeesaeenneas 2
1. Terricolous, bryicolous, or saxicolous; typically, calcareous habit.............ccoceueerneenneenn 4
2. Isidiate; apothecia UNKNOWI ........oocuiiiiiiiieiie ettt e 3

2. Non-isidiate; apothecia abundant, burgundy; cells of proper exciple more or less
rectangular and stacked like a brick wall (subparaplectenchymatous) (Fig. A.4.1. B)

................................................................................................................ Collema nigrescens
3. Isidia mostly cylindrical; thallus wrinkled and blistered............c.ccccoc..... C. furfuraceum
3. Isidia globular; thallus more or less Smooth ...........ccccoevieriiiiiiiiiieienee. C. subflaccidum

4. Isidia laminal and marginal; lobes more or less pustulate; if fruiting, ascospores
submuriform with a longitudinal septum and 3 transverse septa (Hinds & Hinds 2007)

......................................................................................................... Lathagrium fuscovirens
4. Isidia laminal only; lobes with more or less smooth margins; if fruiting, ascospores
fUSTEOTIM, 3-SEPLALE ..eeviieniieeiiieiie ettt et L. undulatum
HYPOGYMNIA:

L. SOTEATALE ...ttt sttt et sttt a et st sae e 2
L ESOTEAIALE. ...ttt sttt et st b et ettt st sae e 5
2. Soralia labriform (lip-shaped), on perforate lobe tips; medulla PD+..............c.cccceene. 3
2. Soralia not lip-shaped; medulla PD-..........cccoooiiiiiiiiiiceeee e 4
3. Medulla PD+ red/orange (physodalic and protocetraric acids); medullary ceiling white
........................................................................................................... Hypogymnia physodes
3. Medulla PD-; medullary ceiling dark brown-black ............ccccoeviiiiiininnnnnen. H. vittata
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4. Thallus mineral grey; lobes tube-like, erect or draping, ca. 1-2 mm wide, tips not
perforated; soralia on the upper surface of lobe tips.......ccccceevevierierciierienieenen. H. tubulosa
4. Thallus brown or with brown patches; lobes appressed or semi-erect, if appressed then
1.5-2 mm wide, if semi-erect then finer (0.5-1 mm wide), tips £perforated; soredia at lobe

IS, SPATSEC ..eeuveeuteteeteeuteett et et e et e bt et e sbt e st e et e ea b e s bt et sht e s bt et eh b e nb e et eat e bt e b eanenbeenee H. bitteri
5. Medulla PD-; thallus brown or with brown patches.......... H. subobscura (Fig. 2.4. E-F)
5. Medulla PD+ red/orange (physodalic and protocetraric acids); thallus mineral grey

............................................................................................................................ H. physodes

LEPTOGIUM & SCYTINIUM:

L ISTATALR ..ttt sttt et sttt ettt be e 2
1. WIthOUE t1UE 1S1018.....ceveeiiiiiieitieiee ettt sttt 3
2. Tomentum on lower surface absent; isidia cylindrical ................. Leptogium cyanescens
2. Tomentum on lower surface present, whitish; isidia granular...................... L. acadiense

3. Thallus foliose, slate-grey and broad (2-3 cm across), forming a dense cushion; upper
surface of lobes distinctly wrinkled; lobe margins with abundant, delicate isidia-like

rOWthS Proliferating.........ccccveiriiiiiiieiiieie et S. lichenoides
3. Thallus squamulose, brownish-charcoal; squamules smooth, but ultimately obscured
by abundant coralloid extensions that superficially resemble isidia...........cccceevverirenennee. 4

4. Apothecia abundant, lecanorine with a burgundy disk; ascospores muriform (3

longitudinal septa and 5 transverse septa) and ca. 21 x 14 um.........cueeeee. S. tenuissimum
4. Apothecia absent...........ccoccvieviieniieiiienieeiee e S. teretiusculum (Fig. 2.6. A-B)
LOBARIA:

1. Primary photobiont green algae; with cephalodia ............ccceoeiviiiiininiiiiniieee, 2
1. Primary photobiont cyanobacteria (thallus yellowish-grey when dry/bluish when wet);
soralia bIUISh-rey.......ccccoviiiiiiiiiiiciee e Lobaria scrobiculata

2. Thallus sorediate and isidiate along margins and reticulate ridges; medulla PD+ orange
(norstictic and +stictic acid), C-; apothecia present or absent, marginal and along
reticulate ridges; cephalodia on lower surface............ccoceeevieniiieieenieeneene, L. pulmonaria
2. Soredia and isidia absent; medulla PD-, C+ red (flash) (gyrophoric acid); thallus
appearing slightly wrinkled, but without reticulate ridges; apothecia abundant, laminal;
cephalodia internal, visible as bumps on the lower surface.............cccceeneeneee. L. quercizans

MELANELIXIA & MELANOHALEA:

1. Sorediate, 1SIAIAtE OF DO ....ccoiiviiiiiiiiiieeie ettt eree e 2
1. Vegetative propagules abSENt ..........cccveiiieriieiiiiiiieeie ettt eea s 4
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2. Medulla C- (without lichen substances); isidia clavate to spatulate (hollow and
INFTALEA) oo Melanohalea exasperatula
2. Medulla C+ red (lecanoric acid); isidia cylindrical, solid ..........c.coceeviiieiiiiiiiiieiieee 3

3. Thallus appears abraded where isidia have rubbed away and laminal soralia form;
isidia up to 0.15 mm, typically not branching ..............ccccceeeunennnee. Melanelixia subaurifera
3. Esorediate; isidia long (up to 0.24 mm) and often branching..................... M. glabratula

4. Medulla KOH-, PD- (without lichen substances); upper surface of lobes with
cylindrical papillae topped with white pseudocyphellae
............................................................................... Melanohalea exasperata (Fig. 2.5. A-B)

4, Medulla KOHE, PD oottt ettt et e e e e s eaaaneeee s 5
5. Medulla PD+ orange, KOH+ yellow to red (norstictic acid)..................... M. trabeculata
5. Medulla PD+ red, KOH- (fumarprotocetraric acid) ..........cceevveerveeriienieeniienieeiieeveeieans 6
6. Pseudocyphellae laminal; ascospores ca. 14 um long .........ccceeeveevieviienennne. M. olivacea
6. Pseudocyphellae absent; ascospores ca. 11 um long........c.cccceeeeveneen. M. septentrionalis
NEPHROMA:

1. Soredia abundant granular soredia marginally and laminally............... Nephroma parile
Lo ESOTEAIALE. ...ttt ettt ettt e et et eebeesabeesbeessseenseesnseenseensneensaens 2

2. Medulla pale yellow, KOH+ red-purple (nephromin), PD+ dull orange spot (unknown
substance), C-, UV-; thallus abundantly lobulate; bryicolous (known to be corticolous
elsewhere according to Wetmore (1960), Brodo et al. (2001), and Hinds & Hinds (2007))
......................................................................................................................... N. laevigatum
2. Medulla white, KOH+ yellow, PD+ bright yellow, and UV+ blue-white and yellow in
some areas (zeorin, nephrin and 1-2 unknown substances); corticolous............... N. bellum

PANNARIA & PROTOPANNARIA:

1. Thallus foliose, grey-brown with a bluish hypothallus; medulla PD+ orange-red
(pannarin); ascospores simple, colourless and ca. 16.6 um long......... Pannaria rubiginosa
1. Thallus squamulose, grey-brown; medulla without lichen substances; ascospores
simple, colourless, ca. 23 um long and heavily ornamented (visible at 400X
MAZNITICATION) Leoviiiiiiiiiieiieeie ettt e Protopannaria pezizoides

PARMELIA:

1. Esorediate and non-isidiate; rhizines squarrose (must look at central rhizines as young

rhizines at lobe margins often appear simple) ..........ccoecvvevveenennnen. P. fertilis (Fig. 2.5. E-F)
1. Isidiate or sorediate; rhiZines SQUAITOSE OF NOL ......eevuvieiieriieriierieeiieeeeeieeeteeieeeeneeeaans 2
2. SOTEAIALE ...ttt ettt ettt P. sulcata
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2 ISTAIALE .ottt ettt ettt ettt et et ettt ettt ettt ettt ettt a— e —————s 3

3. Squarrose rhizines (must look at central rhizines as young rhizines at lobe margins
often appear simple); COTtiCOLOUS.......uiviuiiriieiierie e P. squarrosa
3. Simple to furcate rhizines, never squarrose (must look at central rhizines as young
rhizines at lobe margins often appear simple); lignicolous on exposed roots, however

more typically saxicolous (Brodo et al 2001; Hinds & Hinds 2007)................... P. saxatilis
PARMELIOPSIS:

1. Thallus mineral Grey .........cccecverieriieiieeieeiieeie et Parmeliopsis hyperopta
1. Thallus yellowish-green (USnic acid) .........ccceevvuiirieiiieniieniieiee et 2
2. Soredia mostly laminal, in irregular patches..........ccccceevviierieniiienieniicieeie, P. ambigua
2. Soredia mostly capitate on Lobe tips ......cceevvieriieiiieiieeieeeeee e P. capitata
PELTIGERA:

1. Primary photobiont green algae; cephalodia present...........occveveiieviierciienieniienieeeieeinens 2
1. Primary photobiont cyanobacteria; cephalodia absent ............cccceevieriiienieniiieneenieeens 3

2. Apothecia, if present, red-brown disks with a continuous cortex on the lower surface;
lobe margins wavy; lower surface of thallus black in the centre and white at margins;
veins typically indiStinet .........oooveeiiieiieiiieieeeeee e Peltigera aphthosa
2. Apothecia were not observed in Forillon material; however, the patchy lower cortex of
this species’ red-brown apothecia is a strong character for differentiating it from P.
aphthosa (Brodo et al. 2001). In the absence of apothecia, the conspicuously crisped lobe
margins and pale lower surface of thallus, which is more distinctly veined throughout
than in P. aphthosa, can be diagnostiC..........ccceevvvierieeiiienieeiieie e P. leucophlebia

3. Soralia laminal, KC+ red (gyrophoric and methylgyrophoric acid); rhizines tufted,
NEVEL STMPLE ...ttt et Peltigera extenuata

3. Esorediate; ThIZINES VATIOUS .....cccuvvviiieieiiieiiiiieiieeeeeeeeeeeteee e e e e e e eeeaaeeeeeeeessssssaasseeeeeesesnans 4

4. Veins absent on lower surface which is smooth and cream-coloured at margins; thallus

dark green when wet; lobes are thick, appearing Spongy ..........cceceeeveverveenneennnn. P. malacea
4. Veins distinct or clear pattern of dark and light spots (interspaces) on lower surface;
thallus blue, brown or black when wet; lobes not appearing spongy ...........cceecveevueeeveennnens 5

5. Lower surface brown to black (except at margins) with pattern of small, white
AEPIeSSIONS (INEEISPACES) ..veeuvrevreerieriieeiiieriieeteesteeeteessaeenseessreeseessseesseassseenseessseeseessseenseens 6
5. Lower surface with diStinet VEINS .......cc.eeviiiiiiiiiiiiieniieierieieeteeeeeee e 7

6. Thallus with abundant regeneration lobules along margins and cracks; rhizines

fasciculate, arranged in concentric rings (though often sparsely); upper surface glabrous;
APOtheCia UNKNOWI ...o.uviiiiiiiiiiiiecie ettt s P. elizabethae
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6. Thallus without regeneration lobules; rhizines fasciculate, arranged in concentric rows
which typically correspond to rows of depressions on the upper surface; apothecia round,
brown-red and flat...........cc.cooviiiiiniiii P. horizontalis

7. Veins white to pale throughout, conspicuously raised and tomentose; rhizines white,
long (ca. 10 mm) and simple with squarrose branches at tips; thallus thin and papery

.................................................................................................................... P. membranacea
7. Veins brown to black (centrally), if pale or white then not tomentose; rhizines and

thallus NOt @S ADOVE ....c..eiiiiiiiieiiee ettt et eiaeebeeenseeaee s 8
8. Thallus labIOUS. ......coiiiiiieiiecte et ettt e e e st eeseeeaaeenne 9
8. Thallus tOMENTOSE .....c.veeiuiieiieiiieiieeite ettt ettt ettt et e sebe e bt e snbeeseeenbeenseessseenseens 11

9. Thallus with regeneration lobules or phyllidia; veins brownish, smooth; rhizines simple

and smooth, pale to brownish centrally ..........cccccceeriiiiiiniiiiniieiieeeeee P. praetextata
9. Thallus without regeneration lobules; veins dark or almost white; rhizines simple or
brushy, pale or dark...........ccooiiiiiii e 10
10. Lobes large, ca. 2-3 cm wide; veins dark brown to black and flattish; rhizines dark,
slender and brushy ..........c.oooviiiiiiiii e P. neopolydactyla
10. Lobes <2 cm wide; veins raised, narrow and white at margins, turning pale-brown
towards centre; rhizines pale and SIMPIE .........cceecveeiiiiiiiiiienieeieeeee e P. degenii

11. Thallus with regeneration lobules or phyllidia; veins brownish, smooth; rhizines

simple and smooth, pale to brownish centrally.........cccccocerieninininninniennnn P. praetextata
11. Thallus without regeneration lobules; veins pale or dark; rhizines not simple
ERTOUZNOUL ...ttt ettt ettt e st eebeesabe e bt e ssseenseesneeenne 12

12. Veins pale, smooth; rhizines slender at margins, becoming bushy and confluent
toward centre; thallus light grey, dull, margins downturned; tomentum variable. P. canina
12. Veins dark brown; rhizines short and bristly, forming dense mat beneath thallus;
thallus light grey and sometimes brownish, margins upturned; heavily tomentose

tRTOUZNOUL ...ttt ettt et ettt s P. rufescens
PHAEOPHYSCIA:

1. Esorediate; thallus dark brown to grey; saxicolous ....................... Phaeophyscia decolor
L. SOTEATALE ...ttt sttt ettt ettt e sbe e 2
2. Medulla orange, KOH+ purple (SKYrin) .......ccccceevveeciienieeiienieeieeieeene. P. rubropulchra
2. Medulla White, KOH- ......ooiiiiiiiiiiieeee ettt ettt e e eaaaaeeee s 3
3. Soredia mostly marginal, if at lobe tips then never capitate...........cccoecueevieriienienieennnns 4
3. Soredia distinctly capitate at lobe tips or exclusively laminal.............cccoccoeviieiininnnn. 6

4. Soredia greenish, with pale/colourless cortical hairs arising from marginal soralia
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............................................................................................................................. P. kairamoi
4. Soredia greenish to black, without cortical hairs.............cccceeriieiiieniiiiiieiecceeceee 5

5. Thallus greenish to brownish; lobes ca. 1-1.5 mm wide; soredia coarsely granular,
greenish to almost black, mostly marginal and sometimes laminal; substrates various
............................................................................................................................ P. adiastola
5. Thallus dark, charcoal to black; lobes ca. 0.5 mm (always <1 mm) wide; soredia
coarsely granular (appearing isidioid), black and marginal; saxicolous on calcareous

TOCKS -ttt ettt et s h ettt et b et e bbbt bbb eaeenaes P. sciastra
6. Soredia laminal, orbicular; rhizines inCONSPICUOUS .........cceevvrerireruieennennne. P. orbicularis
6. Soredia capitate on lobe tips; rhizines abundant and protruding from the lobe and/or

apothecia marging 11ke WHiSKETs ..........ccciiiiiiiiiiiiiiiieie e 7

7. Thallus brownish, lobes 1-2 mm wide and concave; rhizines abundant, black and
clearly seen protruding from underside like whiskers; apothecia absent .......... P. hispidula
7. Lobes 0.5-1 mm wide, convex or flat but not concave; apothecia abundant
(uncharacteristic), lecanorine and rimmed with rhizines; ascospores brown, 1-septate and

CA. 25 UM JOMNE. ettt ettt ettt e P. pusilloides
PHYSCIA:

L. SOTEAIALE ...ttt ettt et st a et ettt et ae e 2
L ESOTEAIALE. ...ttt ettt sttt et st b et ettt et sae e 4
2. Lobes without marginal cilia; soredia marginal and granular ........... Physcia millegrana
2. Lobes with white marginal cilia; soredia on 10be tips .........ccoceeveriieniineniieniinerieneeeee 3

3. Soredia greenish, inside helmet-shaped lobe tips; corticolous or lignicolous
......................................................................................................................... P. adscendens
3. Soralia labriform at lobe tips; saxicolous on calcareous rocks.............ccccueeneen. P. tenella

4. Medulla KOH+ yellow (atranorin and zeorin); apothecia abundant and occurring

centrally and close to lobe tips (<2 mm from tips)........cccoceevvierienieenienieennnns P. alnophila
4. Medulla KOH- (without lichen substances); apothecia abundant and centrally laminal
.............................................................................................................................. P. stellaris
RAMALINA:

1. Branches not hollow or perforated; soralia discrete, round-oval with farinose soredia

................................................................................................................ Ramalina farinacea
1. Branches hollow and perforated; sorediate or NOt ...........cccueeviiiiiieiieniiieieeieeeeeeeee 2
2. Sorediate (granular at tips of branches); apothecia uncommon........................ R. roesleri
2. Esorediate; apothecia COMMON .........ccceeeuieriieiiieiieeieeiee e R. dilacerata
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STEREOCAULON:

1. Primary thallus persistent, Crustose..........cccceeveveereerveeueennnn. Stereocaulon condensatum
1. Primary thallus NOt PETSISIENL........ccuieiiieeiieiieeie ettt ettt et eee et e et eaeeseneeeeens 2
2. Phyllocladia PD-; pinkish tomentum; cephalodia dark and bristly .................. S. pashale

2. Phyllocladia PD+ orange (long reaction, 60 seconds or more — atranorin, stictic acid
and +norstictic acid); thick, whitish, arachnoid tomentum; cephalodia absent in Forillon
material, however, typically has cephalodia immersed in tomentum (Hinds & Hinds

2007 )ttt e e e e e e e e et e e e e e aaaaeeenatreeeeaanbaaeeeanraaaeans S. tomentosum
TUCKERMANOPSIS:

1. Medulla C+ pink/red (olivetoric acid) ........ccceeeveeriverieenieenneennen. Tuckermanopsis ciliaris
Lo MEAUILA € ettt ettt et ettt st 2
2. Medulla UV+ blue (alectoronic acid) .........ccceeeeuveeeciiieeiiieeeiieeeiee e T. americana
2. MEdUILA UV ettt ettt et bttt st 3
3. Apothecia laminal; thallus without lichen substances (confirm with TLC); corticolous
(FIZe A5 L)ttt s Tuckermanopsis sp. 1
3. Apothecia marginal; thallus with protolichesterinic acid (negative in spot tests) ........... 4
4. Thallus with pycnidia projecting from lobe margins; apothecia sparse ............. T. orbata
4. Thallus without pycnidia projecting from lobe margins; apothecia abundant and
crowding entire thallus............ccceeiiiiiiiiiiii e T. sepincola
USNEA:

1. Medulla KOH -, UV+ white (squamatic acid); thallus tufted ........... Usnea subfloridana
1. Medulla KOH= yellow to blood red, UV-; thallus tufted or pendant...............c.ccoc...... 2
2. Thallus KOH- (without salazinic acid); long (ca. 30 cm) and pendant with cortex
disintegrating on main branches (almost ecorticate in some sections)..... Usnea longissima
2. Thallus KOH+ yellow to blood red (salazinic acid); pendant or not; cortex intact......... 3
3. Thallus Shrubby/tUTted ........cceiiiiiiieee e 4
3. Thallus PENAANT .........eiiuiiiiieiie ettt ettt e et sat e et eseaeebeesaaeenseassneenseens 5

4. Soralia tuberculate with granular soredia (as in U. substerilis) to excavate with more or
less granular soredia, if excavate then with cortical 'flaps' as described by Goward (1999)

(AS AN UL LAPPORICA)......eoeeeeeiieiieeieeeeee ettt ettt ae e e snseeneeas U.sp. 1
4. Soralia punctiform, never with cortical 'flaps'...........cccoooveviiinieniiiniene, U. diplotypus
5. Fibrils in a fishbone pattern ...........ccoooveriieiiiiniieiieieeeee e U. dasypoga
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5. Fibrils in @ random Pattern........c.ccouiiiiieiieeiienie ettt ettt siae et e eene e 6

6. Medulla thin (ca. 12%) and axis comparably thick (ca. 50%); base distinctly

blackened, reaching up to the main branches (ca. 10 mm) .......ccccecevvervenennene U. silesiaca
6. Medulla (ca. 27%) and axis (30%) medium thickness; base not distinctly blackened
............................................................................................................................. U. scabrata

XANTHORIA & XANTHOMENDOZA:

1. Sorediate; apothecia absent; SaXiCOlOUS.........cccveeruveriieriienieeieenaes Xanthoria sorediata
1. Esorediate; apothecia common; corticolous or SaXiCOIOUS .........ceevuieriieriieniieiienieeinens 2

2. Saxicolous on calcareous rocks, typically in maritime habitats; lobes convex and thick,

APPIESSEA 10 SUDSIIALE ...ovvieiiieiieciiieiieeie ettt et e eeeas X elegans
2. Corticolous; maritime habit or not; lobes thick or thin...............cccccoeiiieiiiiiiiiiieee. 3
3. Attached by rhizines ...........ccceviiriieiiieiieieceeee, Xanthomendoza hasseana
3. Attached DY NaAPLEIS....cuiiiiieiiieiieie ettt e s 4
4. Thallus with flat, thin Iobes ...........ccevvieriiiniieiieece e Xanthoria parietina
4. Thallus with semi-erect lobes, forming cushions ............ccccceevvevciieniennennen. X. polycarpa
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A.4  Subparaplectenchymatous cells in the proper exciple of Collema nigrescens

Collema nigrescens has subparaplectenchymatous cells in its proper exciple,
which are long and rectangular, appearing stacked like a brick wall (Fig. A.4.1. B). Cell
shape in the proper exciple is an important diagnostic feature in separating this species
from the rare, and otherwise morphologically indistinct C. pulchellum var. pulchellum,
which was not found in Forillon during my study. The latter species has

paraplectenchymatous cells, which are rounder and more or less equal in width and

length (Fig. A.4.1. A). Figure A.4.1, below, illustrates this difference.

-

" s s '.~'...-’41AL 13
Figure A.4.1. The difference in cell shape in the proper exciple of two Collema species.
A, Collema pulchellum var. pulchellum (from Macoun, collection CANL 2426, CANL).
B, Collema nigrescens (from H.A. Paquette 71, CANL).
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A.5 Laminal apothecia of Tuckermanopsis sp. 1 (H.A. Paquette 635)

Figure A.5.1. Apothecia of speien . Paute 635. The pothecia are laminal, and
the specimen contains no lichen substances (confirmed with TLC) which is not congruent

with any species presently described (Brodo et al. 2001, Esslinger 1973, Hinds & Hinds
2007, Kéarnfelt 1979), so it may represent a novel taxon.
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Appendix B Supplementary items referenced in Chapter 3

B.1  Global Positioning System coordinates of calicioid collection sites in Forillon
National Park

Table B.1.1 Latitude and longitude for each calicioid collection by collection number, as

given in Appendix B.2. Descriptions of location and habitat are given directly in the

annotated checklist in Appendix B.3.

Collection No. Latitude | Longitude Elevation (m)
H. Paquette 39 48.81684 | -64.22777 81
H. Paquette 131 | 4875173 | -64.16320 33
H. Paquette 138 | 48.95305 | -64.47142 159
H. Paquette 141 | 48.95305 | -64.47142 159
H. Paquette 142 | 48.95305 | -64.47142 159
H. Paquette 152 | 48.95305 | -64.47142 159
H. Paquette 165 | 48.84564 | -64.26653 47
H. Paquette 177 | 48.84412 | -64.26556 55
H. Paquette 180 | 48.84564 | -64.26653 47
H. Paquette 196 | 48.95188 | -64.47256 193
H. Paquette 199 | 48.94026 | -64.45791 304
H. Paquette 204 | 48.94026 | -64.45791 304
H. Paquette 210 | 48.93760 | -64.45670 310
H. Paquette 212 | 4892808 | -64.46682 326
H. Paquette 234 | 48.94755 | -64.48005 264
H. Paquette 241 48.92808 | -64.46682 326
H. Paquette 260 | 48.94664 | -64.47930 289
H. Paquette 285 | 48.83483 | -64.26285 271
H. Paquette 286 | 48.83483 | -64.26285 271
H. Paquette 289 | 48.83483 | -64.26285 271
H. Paquette 290 | 48.83483 | -64.26285 271
H. Paquette 319 | 48.89024 | -64.40700 409
H. Paquette 320 | 48.89024 | -64.40700 409
H. Paquette 339 | 48.89024 | -64.40700 409
H. Paquette 341 | 48.87976 | -64.37770 157
H. Paquette 342 | 4887976 | -64.37770 157
H. Paquette 343 | 48.87976 | -64.37770 157
H. Paquette 362 | 48.87976 | -64.37770 157
H. Paquette 378 | 48.90685 | -64.35088 23
H. Paquette 406 | 48.89250 | -64.40833 426
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Collection No. | Latitude | Longitude Elevation (m)
H. Paquette 419 | 48.89250 | -64.40833 426
H. Paquette 420 | 48.89024 | -64.40700 409
H. Paquette 431 | 48.89984 | -64.41596 436
H. Paquette 447 | 48.94779 | -64.48051 260
H. Paquette 448 | 48.94779 | -64.48051 260
H. Paquette 460 | 48.94840 | -64.47872 217
H. Paquette 477 | 48.85913 | -64.37998 130
H. Paquette 482 | 48.85913 | -64.37998 130
H. Paquette 492 | 48.85913 | -64.37998 130
H. Paquette 493 | 48.85913 | -64.37998 130
H. Paquette 508 | 48.85913 | -64.37998 130
H. Paquette 517 | 48.89455 | -64.41261 411
H. Paquette 521 | 48.89455 | -64.41261 411
H. Paquette 522 | 48.89455 | -64.41261 411
H. Paquette 523 | 48.89455 | -64.41261 411
H. Paquette 525 | 48.90713 | -64.42038 459
H. Paquette 528 | 4890713 | -64.42038 459
H. Paquette 578 | 48.81359 | -64.22518 99
H. Paquette 579 | 48.81359 | -64.22518 99
H. Paquette 587 | 48.85297 | -64.42340 8
H. Paquette 616 | 48.85917 | -64.33118 271
H. Paquette 620 | 48.87004 | -64.34996 365
H. Paquette 623 | 48.86930 | -64.34778 378
H. Paquette 650 | 48.84816 | -64.31974 211
H. Paquette 663 | 48.84030 | -64.28482 360
H. Paquette 684 | 48.85192 | -64.42878 3
H. Paquette 717 | 48.82883 | -64.26181 248
H. Paquette 720 | 48.82883 | -64.26181 248
H. Paquette 727 48.90 -64.38 ---
H. Paquette 731 48.92721 | -64.32104 15
H. Paquette 732 48.92721 | -64.32104 15
H. Paquette 738 | 48.92721 | -64.32104 15
H. Paquette 741 48.92721 | -64.32104 15
H. Paquette 799 | 48.88986 | -64.37150 102
H. Paquette 802 | 48.88055 | -64.34723 223
H. Paquette 893 | 48.85381 | -64.42583 9
H. Paquette 895 | 48.85381 | -64.42583 9
H. Paquette 896 | 48.94755 | -64.48005 264
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Collection No. Latitude | Longitude Elevation (m)
H. Paquette 897 | 48.94755 | -64.48005 264
H. Paquette 898 | 48.94755 | -64.48005 264
H. Paquette 899 | 48.94755 | -64.48005 264
H. Paquette 900 | 48.94755 | -64.48005 264
H. Paquette 901 | 48.94755 | -64.48005 264
H. Paquette 291A | 48.83451 | -64.25617 361
H. Paquette 291B | 48.83451 | -64.25617 361
H. Paquette 418A | 48.89250 | -64.40833 426
H. Paquette 418B | 48.89250 | -64.40833 426
H. Paquette 449A | 48.94840 | -64.47872 217
H. Paquette 449B | 48.89250 | -64.40833 426
H. Paquette 467A | 48.94840 | -64.47872 217
H. Paquette 467B | 48.94840 | -64.47872 217
H. Paquette 524A | 48.89455 | -64.41261 411
H. Paquette 527A | 48.90713 | -64.42038 459
H. Paquette 527B | 48.90713 | -64.42038 459
H. Paquette 527C | 48.90713 | -64.42038 459
H. Paquette 535A | 48.91645 | -64.42843 494
H. Paquette 535B | 48.91645 | -64.42843 494
H. Paquette 716A | 48.82883 | -64.26181 248
H. Paquette 716B | 48.82883 | -64.26181 248
H. Paquette 716C | 48.82883 | -64.26181 248
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B.2  Annotated checklist of calicioid lichen and fungi species of Forillon National
Park

The following list is organized alphabetically by genus and species. New records
for Quebec are preceded by an asterisk (*). Non-lichenized species are preceded by a
dagger (7). Nomenclature follows Esslinger (2018) and any divergences reflect the
opinions of the authors. Taxonomic authorities follow Brummitt and Powell (1996). GPS

coordinates for collections are given in Appendix B.1, Table B.1.1.

*Calicium denigratum (Vain.) Tibell
FIGURE 3.4A-D.

NOTE. — This species is reported here as new to Quebec. It is characterized by
black, shiny (epruinose) stalks and bell-shaped capitula (Fig. 4A). The stalks are
approximately 1-2 mm tall and the ascospores are approximately 11 um long, brown,
ellipsoidal, 1-septate and pinched at the septum (Fig. 4B). The ascospores also have a
coarsely cracked surface which consistently distinguishes this species from the
morphologically similar Calicium abietinum, whose ascospores are “minutely warted”
(McMullin et al. 2012). This feature of the ascospores can be viewed using a compound
microscope with a 1000X lens, though it is best seen under scanning electron microscope
(McMullin et al. 2012) (Fig. 4C). Calicium abietinum also has lenticular capitula, instead
of bell-shaped capitula, and its stalks are 0.6-0.9 mm tall verses 0.7-1.3 mm tall (McMullin
et al. 2012, Selva 2014). We found C. denigratum only once during our study, on the
exposed wood of a mature Picea in an area dominated by large Picea with an understory
of Alnus and Betula saplings with partial sun exposure; the groundcover was a mix of tall
grass and ferns.

Specimen examined. — CANADA. QUEBEC. M.R.C. La Cote-de-Gaspé: Forillon
National Park, Les Lacs Trail between first and second lake of the Lacs de Penouille, elev.
460 m, 4.1x.2018, lignicolous on mature Picea sp., H. Paquette 5274 (CANL).

Calicium glaucellum Ach.

Specimens examined. — CANADA. QUEBEC. M.R.C. La Cdte-de-Gaspé: Forillon
National Park, N side of the road up Tower Mountain (E of QC-132), 26.viii.2018,
lignicolous on conifer snag, H. Paquette 289 (CANL); along the road up Tower Mountain
(E of QC-132), E of tower facing Cap Bon Ami and the Gulf of St. Lawrence, 26.vii1.2018,
lignicolous on snag, H. Paquette 291B (CANL); Les Lacs Trail near the backcountry
camping shelter at the Lacs de Penouille, 1.ix.2018, lignicolous on standing snag, H.
Paquette 419 (CANL); N side of road between Ch. du Portage and Forillon National Park
Operations Centre, exposed Thuja occidentalis swamp, 3.ix.2018, lignicolous on snag, H.
Paquette 508 (CANL); Les Lacs Trail N of third lake of the Lacs de Penouille (S of Lac
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au Renard), 4.ix.2018, lignicolous on Betula sp. snag, H. Paquette 535B (CANL); N side
of Les Crétes Trail (E of QC-132), mature Thuja occidentalis forest adjacent to wetland,
13.1x.2018, lignicolous on Thuja occidentalis snag, H. Paquette 7164 (CANL); Les Lacs
Trail at N end of first lake of the Lacs de Penouille (location of backcountry camping
shelter), 14.i1x.2018, lignicolous on standing snag, H. Paquette 5244 (CANL).

Calicium salicinum Pers.

Specimens examined. - CANADA. QUEBEC. M.R.C. La Cdte-de-Gaspé: Forillon
National Park, Les Lacs Trail near the backcountry camping shelter at the Lacs de
Penouille, 2.ix.2018, lignicolous on Thuja occidentalis, H. Paquette 449B (CANL); N side
of road between Ch. du Portage and Forillon National Park Operations Centre, exposed
Thuja occidentalis swamp, 3.1x.2018, lignicolous on Thuja occidentaliss, H. Paquette 492
(CANL); Les Crétes Trail (NW of QC-132) S of first lookout on SE section of trail,
10.1x.2018, lignicolous on snag, H. Paquette 663 (CANL); N side of Les Crétes Trail (E
of QC-132), mature Thuja occidentalis forest adjacent to wetland, 13.ix.2018, lignicolous
on Thuja occidentalis snag, H. Paquette 716C (CANL).

Calicium trabinellum (Ach.) Ach.

Specimens examined. — CANADA. QUEBEC. M.R.C. La Cdte-de-Gaspé: Forillon
National Park, Les Lacs Trail between trailhead off QC-197 and the first lookout,
24.viii.2018, lignicolous on snag, H. Paquette 234 (CANL); N side of road up Tower
Mountain (E of QC-132), 26.viii.2018, lignicolous on conifer snag and snag, H. Paquette
285 (CANL), H. Paquette 290 (CANL); along road up Tower Mountain (E of QC-132), E
of tower facing Cap Bon Ami and the Gulf of St. Lawrence, 26.viii.2018, lignicolous on
snag, H. Paquette 2914 (CANL); Le Portage Trail midway between south sector trailhead
and junction with La Vallee Trail, 28.viii.2018, lignicolous on conifer snag, H. Paquette
341 (CANL); E shore of second lake of the Lacs de Penouille (N of first lake with
backcountry camping shelter), 1.ix.2018, lignicolous on snag, H. Paquette 431 (CANL);
Les Lacs Trail near the backcountry camping shelter at the Lacs de Penouille, 1.ix.2018,
lignicolous on snag, H. Paquette 4184 (CANL); Les Lacs Trail at N end of first lake of the
Lacs de Penouille (location of backcountry camping shelter), 4.ix.2018, lignicolous on
driftwood roots, H. Paquette 522 (CANL), H. Paquette 523 (CANL); Les Lacs Trail N of
third lake of the Lacs de Penouille (S of Lac au Renard), 4.ix.2018, lignicolous on snag, H.
Paquette 5354 (CANL); N side of Les Crétes Trail (E of QC-132), mature Thuja
occidentalis forest adjacent to wetland, 13.ix.2018, lignicolous on Thuja occidentalis snag,
H. Paquette 716C (CANL).

Chaenotheca brunneola (Ach.) Miill. Arg.

Specimens examined. - CANADA. QUEBEC. M.R.C. La Cdte-de-Gaspé: Forillon
National Park, N side of road between Ch. du Portage and Forillon National Park
Operations Centre, exposed Thuja occidentalis swamp, 3.i1x.2018, lignicolous on Thuja
occidentalis snag, H. Paquette 493 (CANL); La Vallee Trail, wet Thuja occidentalis stand
near trailhead, 14.ix.2018, lignicolous on Thuja occidentalis snag, H. Paquette 731
(CANL).

Chaenotheca chrysocephala (Ach.) Th. Fr.
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Specimens examined. - CANADA. QUEBEC. M.R.C. La Cdte-de-Gaspé: Forillon
National Park, Les Lacs Trail between trailhead off QC-197 and the first lookout,
24.viii.2018, lignicolous on root snag, H. Paquette 899 (CANL); La Vallee Trail, wet Thuja
occidentalis stand near trailhead, 14.ix.2018, lignicolous on Thuja occidentalis snag, H.
Paquette 738 (CANL).

Chaenotheca furfuracea (L.) Tibell

Specimens examined. - CANADA. QUEBEC. M.R.C. La Cdte-de-Gaspé: Forillon
National Park, Les Lacs Trail, side trail to Lac au Renard, 23.viii.2018, lignicolous on
decomposing exposed roots, H. Paquette 210 (CANL); Les Lacs Trail between trailhead
off QC-197 and the first lookout, 2.ix.2018, lignicolous on decomposing exposed roots, H.
Paquette 4674 (CANL).

Chaenotheca gracilenta (Ach.) Mattsson & Middelb.

Specimen examined. —- CANADA. QUEBEC. M.R.C. La Cote-de-Gaspé: Forillon
National Park, Les Lacs Trail between trailhead off QC-197 and the first lookout,
2.ix.2018, lignicolous on decomposing exposed roots, H. Paquette 467B (CANL).

Chaenotheca hispidula (Ach.) Zahlbr.

Specimen examined. —- CANADA. QUEBEC. M.R.C. La Cote-de-Gaspé: Forillon
National Park, S side of Les Crétes Trail NW of QC-132, Acer and Betula dominant forest,
10.1x.2018, corticolous on large Acer saccharum, H. Paquette 650 (CANL).

Chaenotheca laevigata Nadv.

Specimen examined. —- CANADA. QUEBEC. M.R.C. La Cote-de-Gaspé: Forillon
National Park, N side of Les Crétes Trail (E of QC-132), mature Thuja occidentalis forest
adjacent to wetland, 13.ix.2018, corticolous on large Thuja occidentalis, H. Paquette 720
(CANL).

Chaenotheca stemonea (Ach.) Miill. Arg.

Specimen examined. —- CANADA. QUEBEC. M.R.C. La Cote-de-Gaspé: Forillon
National Park, prescribed burn zone E of Le Portage Trail, 16.ix.2018, corticolous on large
Pinus sp. (in crevices of roots at base), H. Paquette 802 (CANL).

Chaenotheca trichialis (Ach.) Hellb.

NOTE. — This appears to be the first time this species has been reported growing
on resin (e.g., McMullin et al. 2018, Selva 2014, Tibell 1999). Typically, it is corticolous
or lignicolous on a variety of coniferous and deciduous tree species, though it has also been
reported on Trichaptum abietinum, a coniferous bracket fungus (Selva 2014). The
resinicolous specimens we collected are morphologically congruent with our lignicolous
collections of the same species.

Specimens examined. - CANADA. QUEBEC. M.R.C. La Cdte-de-Gaspé: Forillon
National Park, Les Lacs Trail between trailhead off QC-197 and the first lookout,
24.viii.2018, lignicolous on snag, H. Paquette 896 (CANL), H. Paquette 898 (CANL),
resinicolous on root snag, H. Paquette 897 (CANL); Les Lacs Trail between first and
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second lake of the Lacs de Penouille, 4.ix.2018, resinicolous on Picea sp. snag, H. Paquette
527B (CANL); La Grande Cavee N of Le Portage Trail near prescribed burn zone,
16.1x.2018, resinicolous on Picea sp. snag, H. Paquette 799 (CANL).

Chaenotheca xyloxena Nadv.

Specimens examined. — CANADA. QUEBEC. M.R.C. La Cdte-de-Gaspé: Forillon
National Park, La Chute Trail, 22.viii.2018, lignicolous on snag, H. Paquette 180 (CANL);
Les Lacs Trail between trailhead off QC-197 and the first lookout, 24.viii.2018, lignicolous
on snag, H. Paquette 901 (CANL); Les Lacs Trail between first and second lake of the
Lacs de Penouille, 2.ix.2018, lignicolous on Abies balsamea snag, H. Paquette 448
(CANL); Les Crétes Trail NW of QC-132, along ridge between lookouts, 7.ix.2018,
lignicolous on snag, H. Paquette 620 (CANL); N side of Les Crétes Trail (E of QC-132),
mature Thuja occidentalis forest adjacent to wetland, 13.ix.2018, lignicolous on Thuja
occidentalis, H. Paquette 717 (CANL); La Vallee Trail, wet Thuja occidentalis stand near
trailhead, 14.ix.2018, lignicolous on snag, H. Paquette 732 (CANL).

7#Chaenothecopsis debilis (Sm.) Tibell

Specimens examined. — CANADA. QUEBEC. M.R.C. La Cdte-de-Gaspé: Forillon
National Park, Les Lacs Trail between trailhead at QC-197 and the first lookout,
21.viii.2018, corticolous on snag, H. Paquette 142 (CANL), H. Paquette 152 (CANL); La
Chute Trail between trailhead and waterfall, 22.v1ii.2018, corticolous on Acer saccharum,
H. Paquette 177 (CANL); Le Portage Trail midway between south sector trailhead and
junction with La Vallee Trail, 28.viii.2018, lignicolous on Acer saccharum snag, H.
Paquette 343 (CANL); Les Lacs Trail near the backcountry camping shelter at the Lacs de
Penouille, 2.i1x.2018, lignicolous on Thuja occidentalis, H. Paquette 4494 (CANL).

*#Chaenothecopsis oregana Rikkinen
FIGURE 3.3 A-D.

NOTE. — This species is reported here as new to eastern North America. It is
characterized by black, shiny (epruinose), frequently branching stalks approximately 0.5
mm tall, with multiple capitula on each stalk (Fig. 3A). The ascospores are brown, non-
septate, ellipsoidal, approximately 4.5 pm long (Fig. 3B), and have an even ornamentation
of dimples that resemble those of a peanut shell as seen under the scanning electron
microscope (Fig. 3C). The stalks are KOH+ violet. This species was found only once
during our study on the resin of a mature Abies balsamea in a shaded forest dominated by
mature 4. balsamea, Betula, and Picea; the groundcover was primarily conifer needles and
bryophytes with young trees of the same species in the understory.

Specimen examined. — CANADA. QUEBEC. M.R.C. La Cote-de-Gaspé: Forillon
National Park, Les Lacs Trail (between Le Portage Trail and QC-197), elev. 409 m,
1.ix.2018, resinicolous on a mature Abies balsamea, H. Paquette 420 (CANL).

7Chaenothecopsis pusilla (Ach.) A.F.W. Schmidt

Specimen examined. — CANADA. QUEBEC. M.R.C. La Cote-de-Gaspé: Forillon
National Park, Les Lacs Trail between third lookout and junction with the side trail to Lac
au Renard, 23.viii.2018, lignicolous on Picea sp., H. Paquette 204 (CANL).
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7Chaenothecopsis pusiola (Ach.) Vain.

Specimens examined. - CANADA. QUEBEC. M.R.C. La Cdte-de-Gaspé: Forillon
National Park, La Chute Trail, 22.viii.2018, lignicolous on snag, H. Paquette 165 (CANL);
Les Lacs Trail between trailhead off QC-197 and the first lookout, 24.viii.2018, lignicolous
on snag, H. Paquette 900 (CANL); Les Lacs Trail between first and second lake of the
Lacs de Penouille, 4.ix.2018, lignicolous on Picea sp. over Chaenotheca trichialis, H.
Paquette 527C (CANL).

Cyphelium tigillare (Ach.) Ach.
Specimen examined. —- CANADA. QUEBEC. M.R.C. La Cote-de-Gaspé: Forillon
National Park, Les Lacs Trail at N end of first lake of the Lacs de Penouille (location of

backcountry camping shelter), 4.ix.2018, lignicolous on driftwood roots, H. Paquette 517
(CANL).

#Mycocalicium subtile (Pers.) Szatala

Specimens examined. - CANADA. QUEBEC. M.R.C. La Cdte-de-Gaspé: Forillon
National Park, alongside trail to Land’s End lookout from Cap-Gaspé, 20.viii.2018,
lignicolous on snag, H. Paquette 131 (CANL); Les Lacs Trail between trailhead at QC-
197 and the first lookout, 21.viii.2018, lignicolous on snag, H. Paquette 141 (CANL); Les
Lacs Trail between trailhead at QC-197 and the first lookout, 23.viii.2018, lignicolous on
conifer snag, H. Paquette 196 (CANL); Les Lacs Trail where it crosses Beaudry Creek,
24 viii.2018, lignicolous on Abies balsamea, H. Paquette 241 (CANL); N side of road up
Tower Mountain (E of QC-132), 26.vii1.2018, lignicolous, H. Paquette 286 (CANL); Les
Lacs Trail at S end of first lake of the Lacs de Penouille (location of backcountry camping
shelter), 27.vii1.2018, lignicolous on snag, H. Paquette 339 (CANL); Le Portage Trail
midway between south sector trailhead and junction with La Vallee Trail, 28.viii.2018,
lignicolous on conifer snag, H. Paquette 342 (CANL); Les Lacs Trail near the backcountry
camping shelter at the Lacs de Penouille, 1.ix.2018, lignicolous on snag, H. Paquette 418B
(CANL); N side of road between Ch. du Portage and Forillon National Park Operations
Centre, exposed Thuja occidentalis swamp, 3.1x.2018, lignicolous on Thuja occidentalis
snag, H. Paquette 482 (CANL); Les Lacs Trail at N end of first lake of the Lacs de
Penouille (location of backcountry camping shelter), 4.ix.2018, lignicolous on driftwood
roots, H. Paquette 521 (CANL).

7Phaeocalicium betulinum (Nyl.) Tibell

Specimens examined. - CANADA. QUEBEC. M.R.C. La Céte-de-Gaspé: Forillon
National Park, Mont Saint Alban cliffs, ca. 100 m W (upslope) of overflow parking at Cap
Bon Ami Campground, 5.ix.2018, corticolous on Betula sp. twigs, H. Paquette 578
(CANL), H. Paquette 579 (CANL).

7Phaeocalicium compressulum (Nyl. ex Vain.) A.F.W. Schmidt

Specimens examined. - CANADA. QUEBEC. M.R.C. La Cdte-de-Gaspé: Forillon
National Park, N of campsite on Les Lacs Trail between first and second lakes of the Lacs
de Penouille, 4.ix.2018, corticolous on Alnus viridis spp. crispa, H. Paquette 525 (CANL);
La Taiga Trail, N side of sandspit, 23.ix.2018, corticolous on Alnus viridis spp. crispa
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twigs, H. Paquette 895 (CANL).

7Phaeocalicium flabelliforme Tibell

Specimen examined. —- CANADA. QUEBEC. M.R.C. La Cote-de-Gaspé: Forillon
National Park, La Taiga Trail, N side of sandspit, 23.ix.2018, corticolous on Betula sp.
twigs, H. Paquette 893 (CANL).

7Phaeocalicium matthewsianum Selva & Tibell

Specimens examined. - CANADA. QUEBEC. M.R.C. La Cdte-de-Gaspé: Forillon
National Park, N of campsite on Les Lacs Trail between first and second lakes of the Lacs
de Penouille, 4.ix.2018, corticolous on smooth bark of young Betula sp., H. Paquette 528
(CANL); Les Crétes Trail NW of QC-132, along ridge between lookouts, 7.ix.2018,
corticolous on smooth bark of Betula sp. twigs, H. Paquette 623 (CANL).

#Phaeocalicium populneum (Brond. ex Duby) A.F.W. Schmidt

Specimens examined. - CANADA. QUEBEC. M.R.C. La Cdte-de-Gaspé: Forillon
National Park, English Creek, upstream from the bridge crossing on Le Portage Trail,
28.viii.2018, corticolous on Populus sp. twigs, H. Paquette 378 (CANL); Les Crétes Trail
NW of QC-132, along ridge between lookouts, 7.ix.2018, corticolous on Populus sp. twigs,
H. Paquette 616 (CANL); La Taiga Trail on S side of road, 12.ix.2018, corticolous on
Populus balsamifera twigs, H. Paquette 684 (CANL).

*Sclerophora coniophaea (Norman) Mattsson & Middelb.
FIGURE 3.5 A-D.

NOTE. — This species is reported here as new to Quebec. The stalks are
approximately 1 mm tall and covered in thick, orange-rust coloured pruina, giving them a
shaggy appearance (Fig. 5A). The excipula do not form collars around the stalks, the
photobiont is Trentepohlia, and the ascospores are non-septate, spherical, hyaline, and
approximately 5.5 um in diameter (Fig. 5B). This species was found only once during our
study, in a shaded, wet forest with a northeast aspect, dominated by Abies balsamea and
Betula. The groundcover was moss with Acer spicatum saplings infilling. It was growing
close to the ground on the bare wood of an Abies balsamea snag, sheltered by peeling bark.

Specimen examined. — CANADA. QUEBEC. M.R.C. La Cote-de-Gaspé: Forillon
National Park, Les Lacs Trail between trailhead off QC-197 and the first lookout, elev. 260
m, 2.1x.2018, lignicolous on Abies balsamea snag under peeling bark within 1 m of ground,
H. Paquette 447 (CANL).

Sclerophora peronella (Ach.) Tibell
FIGURE 3.6 A-D.

NOTE. — This taxon is listed as a species at risk under Schedule 1 of the Canadian
Species at Risk Act (Government of Canada 2019). It is characterized by apothecia with
reddish-brown, smooth stalks, approximately 1 mm tall and a pale pink mazaedium,
covered in white pruina (Fig. 6A). The excipula do not form collars around the stalks, the
photobiont is Trentepohlia, and the ascospores are non-septate, spherical, hyaline and
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approximately 3 um in diameter (Fig. 6B). It was found only once during our study growing
on the exposed heartwood inside a large hollow of a mature Acer sp. in a partly shaded
forest with a slight southwest aspect, dominated by mature Acer saccharum, Betula
papyrifera and B. alleghaniensis, with an understory of a few small Abies balsamea and
groundcover of ferns, bunch berries, moss, and small saplings. Due to its risk status, exact
location data is not provided here.

Specimen examined. —- CANADA. QUEBEC. M.R.C. La Cote-de-Gaspé: Forillon
National Park, 13.ix.2018, lignicolous on the exposed heartwood inside of a large hollow
of a mature Acer sp., H. Paquette 727 (CANL).

7Sphinctrina turbinata (Pers.) De Not.

Specimens examined. — CANADA. QUEBEC. M.R.C. La Cdte-de-Gaspé: Forillon
National Park, Les Lacs Trail between trailhead off QC-197 and the first lookout,
24.viii.2018, lichenicolous on Pertusaria sp., H. Paquette 260 (CANL); Le Portage Trail
midway between south sector trailhead and junction with La Vallee Trail, 28.viii.2018,
lichenicolous on Pertusaria sp., H. Paquette 362 (CANL); Les Lacs Trail between
trailhead off QC-197 and the first lookout, N side of trail, wet Thuja occidentalis stand
with some small Abies balsamea, shaded and humid, 2.ix.2018, H. Paquette 460 (CANL);
N side of road between Ch. du Portage and Forillon National Park Operations Centre,
exposed Thuja occidentalis swamp, 3.i1x.2018, H. Paquette 477 (CANL).

7Stenocybe flexuosa Selva & Tibell

Specimen examined. —- CANADA. QUEBEC. M.R.C. La Cote-de-Gaspé: Forillon
National Park, La Vallee Trail, wet Thuja occidentalis stand near trailhead, 14.ix.2018,
corticolous on Picea sp., H. Paquette 741 (CANL).

7Stenocybe major Nyl. ex Korb.

Specimens examined. - CANADA. QUEBEC. M.R.C. La Cdte-de-Gaspé: Forillon
National Park, Les Lacs Trail between trailhead off QC-197 and the first lookout,
21.viii.2018, corticolous on Abies balsamea, H. Paquette 138 (CANL); Le Portage Trail
midway between south sector trailhead and junction with La Vallee Trail, corticolous on
Abies balsamea, H. Paquette 199 (CANL); Les Lacs Trail at S end of first lake of the Lacs
de Penouille (location of backcountry camping shelter), 27.viii.2018, corticolous on Abies
balsamea snag and Abies balsamea, H. Paquette 319 (CANL), H. Paquette 320 (CANL);
Les Lacs Trail near the backcountry camping shelter at the Lacs de Penouille, 1.ix.2018,
corticolous on Abies balsamea snag, H. Paquette 406 (CANL).

7Stenocybe pullatula (Ach.) Stein

Specimen examined. —- CANADA. QUEBEC. M.R.C. La Cote-de-Gaspé: Forillon
National Park, Les Lacs Trail where it crosses Beaudry Creek, 23.viii.2018, corticolous on
Alnus incana spp. rugosa twigs, H. Paquette 212 (CANL).
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B.3  Key to the calicioids of Forillon National Park

Characters and measurements in the keys are based on material from Forillon

examined by the authors, unless otherwise cited.

1. Apothecia StalKed...........ooiiiiiiiiiieie e 2
1. ApOthecia SESSIle.......eevuiiiiiiiieeiieiie et Cyphelium tigillare
2. Growing ON PertUsriQl ............cccueecueeeeeeeeeeiieeieesieereesieenaeens Sphinctrina turbinata
2. Growing on Other SUDSIIALES. .......cecvieriieiieriieeie ettt ee e 3
3. Lichenized (mazaedium PreSent) .........cocveevieriierieenieenieeiiesieeiee e eieesneeseeseaeeseeeens 4
3. Non-lichenized (mazaedium abSent)..........c..ccccuvieiiiiieiiieeeiieeciee e 18
4. Capitula spherical AND thallus greenish and farinose ............ccccoeeeeeiieiienieenenne. 5
4. Not with both spherical capitula and greenish, farinose thallus.............c.cccoccerenneen. 6
5. Thallus bright yellow-green; capitula and stalks with yellow pruina...........c.ccceceevuenee
...................................................................................................... Chaenotheca furfuracea
5. Thallus greyish-green; capitula and at least the upper stalk with greyish pruina...........
....................................................................................................... Chaenotheca gracilenta
6. ASCOSPOTES SEPLALE ...eeeuviieeuiiieriieeriteesiteesteeerteeesiteeeiteeetteesbteesateessbaeesnbeeesnseeenanes 7
6. ASCOSPOTES NOM-SEPLALE ....uvveeuiieeriiieeriiieerieeeriieeeriteeeiteeeiaeestteesareesnbeeesaaeeesnneeenns 11
7. Ascospores 1-septate; pruinose or not; thallus endosubstratic ............ccoccveevvenieennennne. 8

7. Ascospores 1-5-septate, cylindrical or oval (usually both shapes and sizes
represented); excipula with yellow pruina, contrasting with brown mazaedium; thallus
eNd0o- OF EPISUDSIIALIC .. .ccvieiiieeiieeiieeiieete et Chaenotheca laevigata
8. Capitula pruinose or pruinoSe-lKe .........cccceeviiiiiieiiiniiieiieeece e 9
8. Capitula epruinose, bell-shaped; ascospores cracked, without spiral ornamentation
............................................................................... Calicium denigratum (Fig. 3.4A-D)
9. Excipula brown, contrasting with black mazaedia; ascospores spirally ornamented.....
.............................................................................................................. Calicium salicinum
9. Excipula with white or yellow pruina; ascospores lacking spiral ornamentation....... 10
10. Excipula with yellow pruina ...........ccceccveevieeniencieenienieeeeene Calicium trabinellum
10. Excipula with white pruina .............ccceeeveeviienieniieieeieeeeee, Calicium glaucellum
11. Excipula with YellOW PIrUina........c.cocveeiiieiiieiiieiie ettt 12
11. Excipula without yellow pruina............cceecveeiiienieeiiienieeieeie et 13
12. Photobiont Trebouxia; thallus episubstratic, bright yellow ..........cccccceeviieiiiennennen.
........................................................................................... Chaenotheca chrysocephala
12. Photobiont Trentepohlia; thallus endosubstratic................. Chaenotheca hispidula
13. PhotODIONt THERLEPORLIA ...ttt 14
13. Photobiont Stichococcous or DictyOChlOrOPSIS ...........cccoeeieviieciaiiiiieiieeeee, 15
14. Capitula with white pruina or no pruina; ascospores ca. 3 um in diameter .............
............................................................................. Sclerophora peronella (Fig. 3.6A-D)
14. Capitula with orange pruina; ascospores ca. 5.5 um in diameter............c.ccceceeueenee.
.......................................................................... Sclerophora coniophaea (Fig. 3.5A-D)
15. Photobiont Dictyochloropsis............ccoccueeeeeeeeecveneeeciiaenenne, Chaenotheca brunneola
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15. Photobiont StICAOCOCCOUS ..........cceevueiieiiiiiiiiiiieiieeeese e 16
16. Thallus well-developed and verrucose, greenish-grey, PD- Chaenotheca trichialis

16. Thallus farinose, or endosubstratic, greyish-green, PD+ or PD- ......................... 17
17. Thallus farinose, PD+ red; corticolous .....ccccvvvveeiiivivivnneenennnn. Chaenotheca stemonea
17. Thallus endosubstratic; 1igniciolous ...........ccccceevveriienieenneenen. Chaenotheca xyloxena

18. ASCOSPOTES NON-SEPLALE ......eeeueiieriiieriieeeieeeeiteerteeerteeeiteeeireeetreesbreesabeeesareeenes 19

18, ASCOSPOTES SEPLALE ..cuvieiniiieeiiie et e ettt e ettt sie e e sttt eertee et ee et e e sateesasaeesabeeesabeeenes 22
19. Resinicolous; stalks K+ violet ..................... Chaenothecopsis oregana (Fig. 3.3A-D)
19. Not resinicolous; stalks K+ 01 K- ....oooiiiiiiiiiiiceeeeceeee e 20

20. Capitula compressed (fan-shaped); ascospores ellipsoidal >10 pm in diameter . 21
20. Capitula not compressed; ascospores football-shaped (pointed ends) 5.5 um in

QIAMCLRT ...ttt et ettt Mycocalicium subtile
21. Corticolous on Betula; excipula with isodiametric hyphae ............ccccceevieniiiiiennnnen.
.................................................................................................... Phaeocalicium betulinum
21. Corticolous on Alnus viridis ssp. crispa; excipula with periclinally arranged hyphae
............................................................................................. Phaeocalicium compressulum

22. ASCOSPOTES 1-SEPLALE ... .eeeitiieiiieeiiie ettt ettt ettt e e sabee e s 23

22. ASCOSPOTes MUILI-SEPLALE .....eeeeveeiieeiiieiiie ettt ettt ettt et et seae e 28
23. Capitula compressed (fan-shaped); corticolous on Betula twigs..........cccceecuveevenerenne.
................................................................................................ Phaeocalicium flabelliforme
23. Capitula NOt COMPIESSEA .....veereiieiieriieeiieiie ettt ste ettt et e et e saaeebeeseaeeneeas 24

24. Stalks K+ red or red enhanced ..........c.cooeeiiiiininieniinieiececceeecee e 25

24, SHALKS Kottt et 26
25. Stalks N+ red/violet; typically forms a white stain on substrate; septa not paler than
aSCOSPOTE WallS ...ooouiiiiiiiiieiie e Chaenothecopsis debilis
25. Stalks N-; septa paler than ascospore walls ............c.cccueenee. Chaenothecopsis pusiola

26. Corticolous on Alnus incana ssp. rugosa; ascospores 1-2(3)-septate......................

......................................................................................................... Stenocybe pullatula

26. On lignum or Populus; ascoSpores 1-Septate ..........cceevveerveeriienieeiiienieeieenieeneeen 27
27. Lignicolous; ascospores <5.5 um long; septa pale ................ Chaenothecopsis pusilla
27. Corticolous on Populus; ascospores 11-16 pm long; septa not paler than walls..........
.................................................................................................. Phaeocalicium populneum

28. Capitula compressed (fan-shaped); 3-septate; on Betula ..........cccccveeeveeveecreenneenen.

...................................................................................... Phaeocalicium matthewsianum

28. Capitula NOt COMPIESSEA ......eevuvieiiieiiieiieeiieriee ettt ettt ettt e b e seaeeneeas 29
29. CortiCOlOUS ON CONITRTS ...c.vvetiiuiiriiiiieieeiiese ettt s 30
29. Corticolous on Alnus incana ssp. rugosa; ascospores 1-2(3)-septate............cceerurennee.
.............................................................................................................. Stenocybe pullatula

30. Corticolous on Abies balsamea; ascospores 3-septate; stalks straight.....................

............................................................................................................. Stenocybe major

30. Corticolous on Picea; ascospores 3-septate (sometimes with 4- and 5-septate
ascospores mixed in according to Selva (2014)); stalks flexuous....Stenocybe flexuosa
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