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Abstract

Fifteen species of the crustose lichen genus Rinodina are confirmed in New Brunswick, Canada. We report four corticol-
ous species, Rinodina pachysperma, Rinodina populicola, Rinodina septentrionalis, and Rinodina tenuis, and the saxicolous
Rinodina tephraspis in the province for the first time. A previous report of Rinodina granuligera is based on a specimen that
we have re-identified as Rinodina cinereovirens. We note distinguishing characteristics, habitats, substrata, relative abun-
dance, and biogeographic relationships of each species and provide an identification key and distribution maps. The most
frequently occupied phorophytes (tree substrata) are Sugar Maple (4cer saccharum), Yellow Birch (Betula alleghaniensis),
and Eastern White Cedar (Thuja occidentalis). Some species are closely associated with particular habitats, phorophytes, or
both. For example, we found R. pachysperma only in floodplain forests dominated by Silver Maple (Acer saccharinum), and
R. tenuis only on Eastern White Cedar in wet cedar-dominated stands. In contrast, we recorded Rinodina freyi on numerous
phorophyte species in a relatively wide range of habitats. Other than Eastern White Cedar and Balsam Fir (4bies balsamea),
conifers are rarely colonized by Rinodina species in New Brunswick. Most Rinodina species are probably not currently of
conservation concern in the province. However, R. cinereovirens is known from only two collections, one dating from 1902.
The other, from 2007, was on Black Ash (Fraxinus nigra) in a swamp forest next to an active peat-mining operation. The
expected devastation of ash species by the invasive Emerald Ash-borer (4grilus planipennis) is a further threat to this occur-
rence and to any lichens for which ash may be an important phorophyte.

Key words: Biogeography; disjunct distribution; Atlantic Canada; Wolastoq (Saint John River); protected natural areas;
phorophyte; conservation; seasonality of spore production

Introduction

The lichen-forming ascomycete genus Rinodina
(Ach.) Gray includes species that share a crustose
growth form, apothecia mostly with a thalline margin
and unpigmented hypothecium, and brown, mostly
1-septate ascospores with unevenly thickened inner
walls (Sheard 2010). Their green algal symbionts
are species of Trebouxia Puym. (Helms et al. 2001;
Sanders and Masumoto 2021). The name “Pepper-
spore Lichens” was introduced for the genus Rino-
dina by Brodo et al. (2001), but most of its species
lack common names. Over the past few decades,
molecular phylogenetic studies have shown that the
combination of characters defining Rinodina is rep-
resented in several distinct lineages in the family
Physciaceae (e.g., Helms ez al. 2003; Nadyeina et al.
2010; Resl et al. 2016; Kondratyuk ez al. 2021). Inde-
pendent transitions between crustose and foliose or
squamulose growth forms have occurred in some of

these lineages. Although the polyphyletic character of
the genus is clear from these findings, some clades
including species of Rinodina sensu lato (s.l., in the
broad sense) are not yet well resolved within the Phy-
sciaceae, and the placements of many species remain
uninvestigated. For these reasons, the genus is still
widely treated in its broad sense.

Collectively, Rinodina species are distributed from
subtropical to Arctic/subantarctic and alpine environ-
ments, and they occur on many substrata, including
rock, tree bark, wood, bryophytes, plant debris, and
soil. Knowledge of their species-level diversity and
distributions has advanced greatly in recent decades.
A monograph of the genus in North America north
of Mexico by Sheard (2010), based on more than 40
years of study, recorded 96 species. Publication of
this work catalyzed other investigations, bringing the
number of species currently known in North America
to 113 (Sheard 2018; Lendemer et al. 2019; Morse
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and Sheard 2020). Comparable progress in the study
of Rinodina in eastern Asia has led to further changes
in the taxonomy and known distributions of several
North American species (Sheard et al. 2017).

The regional diversity of Rinodina in North Amer-
ica is greatest in the cordilleran and coastal systems
of the west. For example, 51 species are known in
California and at least 37 in British Columbia (Sheard
2010, 2018). About halfas many species occur in areas
of roughly comparable size in eastern North America
(Sheard 2010). Intensive recent studies of Rinodina
in the southern Appalachian Mountains have recorded
22 species (Lendemer ez al. 2012, 2014, 2019; Sheard
et al. 2012). Five of these, including two regional
endemics, had not been described previously, high-
lighting the significance of the southern Appalachians
as a hotspot of lichen diversity (Tripp and Lendemer
2019). In New England and eastern Canada, state and
provincial records of Rinodina species confirmed
by Sheard (2010) have been supplemented in some
cases by recent or updated general lichen surveys. For
example, Seaward et al. (2017) reported 10 species
from the coastal region of eastern Maine, and Brodo
et al. (2021a,b) 15 species from the Ottawa region of
Ontario and Quebec.

In this paper, we aim to assess the diversity, distri-
butions, habitats, and relative abundance of Rinodina
species in the maritime eastern Canadian province of
New Brunswick. Eleven species were reported for the
province by Sheard (2010, 2018): Rinodina ascoci-
scana (Tuck.) Tuck., Rinodina cinereovirens (Vain.)
Vain., Rinodina efflorescens Malme, Rinodina freyi
H. Magn., Rinodina gennarii Bagl., Rinodina granuli-
gera H. Magn., Rinodina moziana (Nyl.) Zahlbr., Rino-
dina polyspora Th. Fr., Rinodina subminuta H. Magn.,
Rinodina subpariata (Nyl.) Zahlbr., and Rinodina wil-
leyi Sheard & Giralt. Most of these records are based on
only a few specimens. An in-depth study of the lichens
of Fundy National Park in New Brunswick by Gowan
and Brodo (1988) detailed the local habitats and sub-
strata of five species. Over the past few decades, wide-
ranging surveys of lichen diversity in the province
have yielded many new Rinodina collections. From
this material, we have been able to gain a better under-
standing of the status of the species reported by Sheard
(2010, 2018) and to add five species that were not pre-
viously known to occur in the province.

Study Area

New Brunswick is about 73 000 km? spanning 3.5
degrees of latitude and 5 degrees of longitude: 44.5°
to 48°N, 64° to 69°W. It includes part of the northern
Appalachian Mountain system, with elevations rang-
ing from sea level along its coasts to 820 m in the
northern interior. The climate is intermediate between
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continental and oceanic types, being dominated by
airflows from the west but moderated by maritime
influences (Hare and Thomas 1974). Conditions are
most oceanic near the Bay of Fundy in the south,
with January mean temperature —6° to —8°C, July/
August mean 15° to 17°C, and precipitation 1300 to
1500 mm/yr. In the most continental areas, January
and July means are —12° to —14°C and 16° to 19°C,
respectively, and precipitation averages 1000 to 1200
mm/yr. Degree-days above 5°C vary from less than
1200 at elevations above 600 m in the highlands to
more than 1900 in the middle Wolastoq (Saint John
River) valley (Hassan et al. 2007; Clayden 2010;
ECCC 2022).

The province falls largely within the Acadian
Forest Region (Rowe 1972), which is the northeast-
ernmost portion of the transition between temper-
ate deciduous and boreal coniferous forests in North
America. In the bioclimatic system of Tuhkanen
(1984), New Brunswick is mainly in the hemibo-
real zone, with some representation of the southern
boreal zone in its northern highlands and of the north/
cool temperate zone in the southern interior (Clayden
2010). Climatic and associated vegetation gradients in
the province are not simply orientated along a south-
north axis. Instead, topographic, coastal-inland, and
latitudinal variation are reflected in a mosaic of ecore-
gions (Loucks 1962a; Clayden 2000, 2010; Zelazny
2007). The natural vegetation of the province has been
much altered by settlement, agriculture, forestry, and
invasive pathogens; however, about 85% of the land-
area remained forested as of the early 2000s (Loo and
Ives 2003). According to Global Forest Watch (2023),
the net change in forest cover (gain versus loss) in
New Brunswick between 2000 and 2020 was —6.8%,
compared with a net change of —2.8% over the same
period in Canada as a whole. As 0f 2022, 10% of New
Brunswick has been allocated to biodiversity conser-
vation in areas protected under provincial and fed-
eral legislation and by non-government organizations
(NBDNRED 2022).

Methods

This study is based largely on collections made
by the three authors and deposited in the herbarium
of the New Brunswick Museum (NBM). We also
cite selected specimens collected over the past few
decades by our colleagues Frances Anderson, Wil-
liam Buck, Richard Harris, James Lendemer, and Ste-
ven Selva, among others. We examined and identi-
fied or confirmed 324 specimens from throughout
the province (Figure 1). More precisely, the sam-
ple consisted of 324 species-occurrence records, as
it included Rinodina species occurring as associates
of other lichens in multi-species collections (in single
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FIGURE 1. Map of New Brunswick and neighbouring areas,
showing distribution of all Rinodina collections included in our
study. Abbreviations: Canada: NB, New Brunswick; NS, Nova
Scotia; PEI, Prince Edward Island; QC, Quebec. United States:
Maine, ME. Basemap from SimpleMappr (Shorthouse 2010).

herbarium packets). Herbarium acronyms follow
Thiers (2022+). Except as noted, specimens are in the
herbarium of the NBM.

Most collections were made during general surveys
of lichen diversity. Field work covered numerous rep-
resentative examples of the province’s range of forest
community types and other environments (e.g., rocky
coastal and river shores) that are known or potential
habitats for Rinodina species (Figure 2). Mature upland
deciduous and mixed forests and forested wetlands
dominated by Eastern White Cedar (Thuja occidenta-
lis L.) were especially well represented, as our early
surveys indicated that these are species-rich habitats
for Rinodina in the province. Recently wind-thrown
trees or broken branches found on the forest floor were
inspected for canopy-dwelling species.

We recorded the identities of the lichen phoro-
phytes (tree or shrub species) wherever feasible and
tallied the distributions and frequencies of Rinodina
species by phorophyte in the sample. At least one
specimen of each species is cited for each of the 15
counties of the province from which we have seen
material. Lichen nomenclature follows Esslinger
(2021). The scientific and common names of trees
and shrubs follow Brouillet ez al. (2010+). In descrip-
tions of forest communities, short forms of common
names are used for some tree species: fir for Balsam
Fir (Abies balsamea (L.) Miller), beech for Ameri-
can Beech (Fagus grandifolia Ehrhart), hop-horn-
beam for Eastern Hop-hornbeam (Ostrya virginiana
(Miller) K. Koch), cedar for Eastern White Cedar, and
hemlock for Eastern Hemlock (7suga canadensis (L.)
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Carriere). The full common names of these species
are given where they refer to the phorophytes of Rino-
dina specimens and species.

Since 2009, S.R.C. and K.E.D. have made exten-
sive collections in the larger protected natural areas
(PNAs) of the province through the BiotaNB project
led by the NBM (McAlpine 2022). All collection sites
in provincial PNAs established as of 2022 are referred
to by their current PNA names; however, some of
these PNAs had not been established and named at
the time the specimens were collected.

Methods for microscopic study of specimens fol-
lowed Sheard (2010, 2018). Hand-cut sections of apo-
thecia and thalli were mounted in water or Melzer’s
reagent and examined at 100 to 1000x magnifica-
tion. Some sections were viewed in polarized light to
assess the presence or absence of crystals of atranorin
or sphaerophorin. To clear and highlight the internal
structure of the spores of recently collected specimens,
water mounts were gently heated over an alcohol
lamp. Measurements of ascospores were made to the
nearest 0.5 pm and are reported in the format: (mini-
mum-—) mean—SD — mean+SD (-maximum), followed
by the number of measurements (7). The structure and
developmental type(s) of ascospores occurring in each
species are noted following standardized terminology
(Sheard 2010). The characteristic medial swelling of
spores of the Dirinaria-type was assessed by adding
10% potassium hydroxide (KOH) to the water mounts.

The occurrence of secondary chemical products
in thalli was examined using standard reagents, fol-
lowing Brodo et al. (2001): sodium hypochlorite (C),
10% potassium hydroxide (K), and an alcoholic solu-
tion of para-phenylenediamine (P). Tests for the pres-
ence or absence of pannarin in the epihymenium of
apothecia were made in microscopically examined
thin sections. Selected specimens were analyzed with
standardized thin-layer chromatography (TLC), using
solvent system C and glass-backed plates (Culberson
1972; Orange et al. 2001).

Results

Fifteen species of Rinodina are confirmed to occur
in New Brunswick. Five of these are reported here for
the first time from the province: the corticolous spe-
cies Rinodina pachysperma H. Magn., Rinodina popu-
licola H. Magn., Rinodina septentrionalis Malme, and
Rinodina tenuis Miill. Arg., and the saxicolous species
Rinodina tephraspis (Tuck.) Herre. We found 14 spe-
cies in the field, but not R. moziana. The latter is known
from New Brunswick based on a single specimen that
was identified and reported by Sheard (2010). A previ-
ous report of R. granuligera from the province (Sheard
2010) is based on a specimen that we re-examined and
identified as R. cinereovirens (see below).
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F1GURE 2. Habitats of selected Rinodina species in New Brunswick, Canada. a. Forest dominated by Silver Maple (Acer
saccharinum) on floodplain of middle Wolastoq (Saint John River) valley, with Black Willow (Salix nigra) in foreground.
Rinodina pachysperma is frequent on tree trunks in this type of community. b. Eastern White Cedar (Thuja occidentalis) at
base of forested slope next to a river. Rinodina tenuis is present on the curving dead branch in the foreground. c¢. Damp sili-
ceous rocks, with Rinodina tephraspis, next to a waterfall, Lepreau River. d. Late-successional hardwood forest dominated by
Sugar Maple (Acer saccharum), American Beech (Fagus grandifolia), and Yellow Birch (Betula alleghaniensis), with Rinodina

ascociscana, Rinodina subminuta, Rinodina subpariata, and Rinodina willeyi on the tree trunks. Photos: S.R. Clayden.

Three of the 15 recorded Rinodina species are
saxicolous on siliceous (non-calcareous) rock: R.
gennarii (rarely lignicolous), R. moziana, and R.
tephraspis. The 12 corticolous species were found on
29 phorophyte species. The representation of cortic-
olous Rinodina species and their main phorophytes
in the set of specimens is shown in Figure 3. No pho-
rophyte species had more than six associated Rino-
dina species. The most frequently collected species
was R. subminuta. Its most frequent phorophyte, and
the most frequent phorophyte species overall, was
Sugar Maple (Acer saccharum Marshall).

Rinodina freyi and R. subpariata were found on the
greatest number of phorophyte species (16). However,
R. freyi was collected less frequently overall than sev-
eral other Rinodina species. In contrast, R. tenuis was
found on only one phorophyte, Eastern White Cedar,
but was represented by 18 specimens from 14 locali-
ties. Although the sample of specimens collected and

identified was loosely stratified by forest type and
phorophyte species, it undoubtedly reflects collect-
ing biases, e.g., an emphasis on mid- to late-succes-
sional stands. Also, parts of the province with fewer
and/or smaller protected areas are under-represented.
This is especially true of Carleton County and Victo-
ria County in western New Brunswick, where most of
the land is privately owned. Another gap centres on
the lowlands of eastern New Brunswick, where exten-
sive peatlands alternate with mostly early- to mid-
successional coniferous and mixed forests (Clayden
2000; Crossland 2006). With these caveats, the distri-
butions of specimens and species provide an approx-
imation of the relative abundance and phorophyte
associations of corticolous Rinodina species in New
Brunswick. The distinguishing characteristics, dis-
tributions, habitats, and substrata of each species are
described below.
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F1GURE 3. Principal phorophytes of corticolous Rinodina species in New Brunswick. The overall dataset included 318 speci-
mens representing 29 phorophyte and 13 Rinodina species. Ten phorophyte species from which only one or two Rinodina
specimens were collected, and two Rinodina species (R. cinereovirens, R. septentrionalis) represented by only one or two
specimens, are not shown (see text for details). Shading indicates the number of Rinodina specimens from each phorophyte,
in four arbitrary classes: white (no shading) = 0 specimens; light-grey = 1 to 5 specimens; medium-grey = 6 to 20 specimens;
black > 20 specimens.

Key to Rinodina species known or expected to occur in New Brunswick

Eighteen species are included in the key. Three of these, Rinodina bischoffii (Hepp) A. Massal., Rinodina
buckii Sheard, and Rinodina oxydata (A. Massal.) A. Massal. [enclosed in square brackets] have not been
found in New Brunswick but are known from neighbouring Maine and/or Quebec. The key is based on those
of Sheard (2010, 2018; Sheard et al. 2017).

Lo OMITOCK itttk h ettt ee 2
On bark or wood, or on bryophytes OVEr Dark ..........cccccceeiriririiieieieieeee e 6
2. On coastal rocks (rarely on rusted metal or wood) subject to salt spray and/or enrichment by guano; spores
somewhat swollen at the septum (swelling more pronounced in KOH; Dirinaria-type) ............ R. gennarii
On rocks near freshwater or in forested or open upland settings; spores swollen or not at the septum ..... 3
3. On calcareous rock; spores with a broad dark-pigmented band around the septum, walls not thickened at the
APICES (BISCROJII-EYPE) weeeneeeeeiieieieeeieee ettt ettt b et neee [R. bischoffii]
3. Onsiliceous rock; spores with or without a thin dark-pigmented ring-structure (“torus”) where the septum
meets the lateral wall, walls thickened at the aPICES .......ceceviiiririieieieeeee e 4
4. Thallus K—, lacking atranorin (no crystals visible in the cortex of thallus and apothecium sections examined
in polarized light), CONtAINING ZEOTIN ......c.cueiriiiiiiriniiiiiriicccc et R. tephraspis
4. Thallus K+ yellow, containing atranorin (crystals visible in the cortex of thallus and apothecium sections
examined in polarized light), 1acking ZEOTIN ..........ccoiiiiiiiiiiiiicee s 5
5. Spores averaging 22.0-22.5 X 12.0—13.0 LM .ooeriiiiriiniiiiiieiteeeeeee ettt R. moziana

5. Spores averaging 18.5-19.5 X 10.5—11.5 WM .ooooiiiiiiiiiiiiee e [R. oxydata)



2023 CLAYDEN ET AL.: RINODINA IN NEW BRUNSWICK 37

X NN o

10.
10.

11.

11.

12.

12.
13.

13.
14.

14.

15.

15.

16.
16.
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18.

SOTEAIA PIESEIL ....cueuieviiieteicirteiete ettt ettt etttk b et b ket ebenenes 7
SOTEAIA ADSEIE .....eneeiteiiete ettt ettt s bbb st e e s et e st et et e st et e st et et en et et et et ne et ene 10
Thallus K+ yellow, P+ yellow, containing atranorin, lacking pannarin ...............ccceceovnerenenene. R. subpariata
Thallus K—, lacking atranorin, P+ red-orange, containing pannarin .............cceceeeeeeereerierierienrenseereeeeeeneens 8
Areoles convex, not uplifted at margins; soredia initially developing on the surface of the areoles, relatively
€0arse, 4065 LM 1N QIAIMETET ...c.eeutriiieiiiiiieierieiet ettt ettt ettt ebeeene [R. buckii]
Areoles + plane, often slightly uplifted at margins; soredia developing at the margins or on the surface of
the areoles, relatively fine, 15—30 LM in dIAMELET .....ccuerviriiriiiiiniiieeeetec e 9

Areoles grey-brown to dark grey-green; prothallus thin and dark brown; soredia pale greenish-yellow, in dis-
crete soralia developing at margins or on surface of areoles, soralia KC+ yellow-orange (reaction sometimes
weak); thallus (in New Brunswick populations) not overgrowing bryophytes ...................... R. efflorescens
Areoles light to dark grey; prothallus not evident; soredia grey, developing at margins of areoles, KC—;
thallus (in New Brunswick populations) sometimes becoming + entirely sorediate and overgrowing Frul-
lania and small PleuroCarPOUS MOSSES ........cveuerueuirieietirienieteteteeteseeteeeseetes et seeseeee e eseneeseeseneesenes R. willeyi

Spores MOre than 8 1N MOSE ASCI ....c.evveuiriirieiriiteirierteiet ettt ettt bttt b e ee
Spores not more than 8 per ascus

Spores 12—16 per ascus, averaging 15.0-16.0 um long, with persistent apical and septal wall thickenings
(Physcia-type), not constricted at the septum; apothecia mostly scattered, discs becoming convex, thalline
margins thin and becoming excluded; thallus thin and inconsPiCUOUS .......c.cceeveverrerierrrreienennne. R. polyspora
Spores 16-32 per ascus, averaging 12.5-13.5 pm long, lacking wall thickenings at maturity (Physco-
nia-type), often becoming slightly constricted at the septum; apothecia often becoming contiguous, discs
remaining plane, margins distinct and not becoming excluded; thallus usually well developed, areolate

.................................................................................................................................................. R. populicola
On wood (typically on rock) in coastal habitats subject to salt spray and/or enrichment by guano; spores
somewhat swollen at the septum (swelling increasing in KOH) ......c.cccoccceoniiinniinneicnnnnne. R. gennarii
On bark or rarely wood, mainly of living trees, mostly in non-coastal habitats; spores not swollen at the sep-
UITE Lot 13
Thallus P+ red-orange, containing pannarin R. tenuis
Thallus P—, [aCKiNg PAnNaArin ........cccceiiiiiiiiiiiiiiiteeee ettt ettt st et 14
Medulla of apothecium margins densely filled with fine crystals of sphaerophorin (visible in polarized light);
lower part of apothecial cortex expanded, 20—60 WM dEEP .....cceevvereeririeieerieieeeeeeeeene R. cinereovirens
Medulla of apothecium margins lacking sphaerophorin (no crystals evident in polarized light); lower part
of apothecial cortex not or little expanded, <20 LM AEEP ..eovevveevereieieieieieiereeteee ettt 15
Spores averaging >25 um long; thallus usually thick and continuous, surface often waxy; margins of apothe-
cia often becoming radially SroOVEd ........ccoivieiririeieiieeee e R. ascociscana
Spores averaging <22 um long; thallus inconspicuous or thin to moderately thick and areolate, surface
matt; margins of apothecia smooth to rough, but not becoming radially grooved ..........ccccoecenenicnenns 16
Spores with thick lateral and apical walls, lumina + rounded (Pachysporaria-type) ........... R. pachysperma
Spores with apical walls thicker than lateral walls, lumina distinctly angular, at least in early stages of
AeVElOPMENE (PAYSCIALYPE) «.vevveieierienienieiesieeieete et et et et et et et e s testeeseeseeseeseestensensessansesseesessesseeseensensensensens 17

Apothecia initially immersed and erupting from the thallus, remaining broadly attached; spores averaging >
18.5 pm long; thallus often within the substratum or very thin and & continuous, mainly on lower part of tree
ETUDNIKS oot R. subminuta
Apothecia not erupting from the thallus, broadly to narrowly attached; thallus superficial on substratum,
usually consisting of discrete areoles, mainly on twigs and young branches; spores averaging <17 um long

..................................................................................................................................................................... 18
Thallus typically on and around axils and leaf scars of twigs and young tree branches; areoles + plane and
contiguous, up to 0.7 mm wide; apothecia crowded ............ccooiiiiiiiiiiiiiieee e R. freyi

Thallus typically on + smooth bark of twigs and young tree branches; areoles convex (especially when
moist) and dispersed, <0.2 mm wide; apothecia dispersed ...........ocoeevirrcinncinnecene R. septentrionalis
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Annotated Checklist of Rinodina in New
Brunswick

The list is sorted alphabetically by species, with the
distribution map indicated. The lists of specimens are
sorted alphabetically by county and by date (oldest to
most recent). In cases where more than one specimen
of a species was collected at, and cited from, a sin-
gle locality, the abbreviation “ibid.” is used to mini-
mize duplicated information on the locality, habitat,
substrate, and date, as appropriate.

The Latin abbreviations s./. and sine numero (s.n.,
without number, when no collector number was
given to the collection) also are used when relevant.

Rinodina ascociscana (Tuck.) Tuck. (Figure 4a)

Reported for New Brunswick by Gowan and
Brodo (1988) and Sheard (2010). Characterized by
its somewhat glossy, grey-brown, thin to thick thal-
lus consisting of plane, coalescing areoles; apothe-
cia with radially striate margins; and large Physcia- to
Physconia-type spores measuring (25.0-)28.9-35.1(—
38.0) x (13.0-)13.6-16.2(-17.5) pm (n = 37) in New
Brunswick specimens. North American thalli of R.
ascociscana lack secondary metabolites detectable
with TLC (Sheard 2010). They thus lack crystals in
the medulla, unlike R. cinereovirens, which contains
sphaerophorin and which also has a different type of
apothecial margin, smaller spores, and a thinner thal-
lus. Zeorin is present rarely in populations of R. asco-
ciscana in northeastern Asia (Sheard et al. 2017). We
analyzed 12 New Brunswick specimens with TLC but
did not detect zeorin in any of them.

The spores of R. ascociscana are the largest of
those in any Rinodina species in eastern North Amer-
ica. In most specimens from New Brunswick (col-
lected during the spring to fall months), the apothe-
cia contain mainly overmature and deformed spores.
However, a specimen collected in late December
(Clayden 27379) has abundant, intact, well-devel-
oped spores releasing readily from the asci in water
mounts. Sheard (2010) also noted what appeared to
be seasonal variation among specimens of R. ascocis-
cana in the representation of spores in different stages
of development.

In North America, this species has a well-defined
Appalachian—Great Lakes—Maritimes distribution
(Brodo et al. 2001; Sheard 2010), coinciding largely
with that of temperate deciduous forests dominated
by Sugar Maple. It was long thought to be endemic to
this region, but recent studies have shown that it also
occurs in climatically similar areas of northeastern
Asia (Sheard et al. 2017). Its distribution and habitats
are similar to those of R. subminuta, but somewhat
less extensive. For example, it has not been found
in the Ozark Highlands of the south-central USA,
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where R. subminuta is present (Sheard 2010; Lende-
mer et al. 2014). In New Brunswick, it occurs mainly
in closed forests of long historical continuity (e.g.,
Selva 1994), whereas R. subminuta can also occur
on open-grown trees and at forest edges (Gowan and
Brodo 1988; S.R.C. pers. obs.). It is less frequent in
the province than R. subminuta, occurring mainly in
mature hardwood and mixed forests in mesic sites,
but also rarely on Eastern White Cedar in swamp for-
ests, always in the understorey. Rinodina ascociscana
occurs on Sugar Maple up to the elevational limit of
this tree species in the northern interior (e.g., at 510 m
on Gover Mountain, see below), but we did not find
it in many hardwood stands in the northernmost areas
of the province where R. subminuta is present (com-
pare Figures 4a and 4i).

Among the specimens of R. ascociscana from
New Brunswick examined for this study, 21 were
on Sugar Maple, nine on American Beech, three on
White Ash (Fraxinus americana L.), two on Black
Ash (Fraxinus nigra Marshall), and one each on Yel-
low Birch (Betula alleghaniensis Britton), Eastern
Hop-hornbeam, Red Oak (Quercus rubra L.), and
Eastern White Cedar. The single occurrence on Red
Oak is from a lakeshore forest where a species-rich
epiphytic lichen community was present, apparently
influenced by aerosol enrichment of the tree-bark
resulting from wave splash on nearby shoreline rocks.
The lack of records of R. ascociscana on Red Maple
(Acer rubrum L.) matches the apparent absence or rar-
ity of R. subminuta and R. willeyi on this maple spe-
cies in New Brunswick. The substratum of a collec-
tion made by W.G. Farlow on Campobello Island in
1902 (not seen by us; examined and cited by Sheard
[2010]) is unknown. Recent lichen surveys on the
island have not detected R. ascociscana. (S.R.C. et
al. unpubl. data).

Selected specimens examined—Albert Co.: Cale-
donia Gorge PNA, upland between Rhody Brook
and Wells Brook, 45.7726°N, 64.8210°W, 323 m,
old-growth hardwood forest dominated by Sugar
Maple, Yellow Birch, and beech, on American Beech,
28 June 2011, S.R. Clayden 22071. Carleton Co.:
Meduxnekeag River valley, terrace and E-facing
slope between river and Plymouth Road, 46.18558°N,
67.68175°W, 140 m, mature hardwood forest domi-
nated by Sugar Maple, on Sugar Maple, 7 May 2008,
S.R. Clayden 18189. Kings Co.: Canadian Forces
Base Gagetown, Nerepis Hills, ~3.8 km ESE of Wels-
ford, 45.4413°N, 66.2978°W, 120 m, mature mixed
forest of Red Spruce (Picea rubens Sargent), hemlock,
Eastern White Pine (Pinus strobus L.), Yellow Birch,
Heart-leaved Birch (Betula cordifolia Regel), and Red
Maple, on SW-facing slope, on trunk of Yellow Birch,
7 September 2014, S.R. Clayden 24840. Madawaska
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F1GURE 4. Known distributions of Rinodina species in New Brunswick, Canada. a. Rinodina ascociscana.b. Rinodina cine-
reovirens (circles, with arrow indicating historical occurrence on Campobello Island), Rinodina septentrionalis (triangle).
c. Rinodina efflorescens. d. Rinodina freyi. e. Rinodina gennarii (circles), Rinodina moziana (square), Rinodina tephraspis
(triangles). f. Rinodina pachysperma. g. Rinodina polyspora. h. Rinodina populicola. i. Rinodina subminuta. j. Rinodina sub-
pariata. K. Rinodina tenuis. 1. Rinodina willeyi. Basemaps from SimpleMappr (Shorthouse 2010).

Co.: “Black Brook District” of J.D. Irving Ltd, SW-  67.86828°W, 266 m, mature hardwood forest domi-
facing hillside, ~5 km ENE of confluence of Har- nated by Sugar Maple and beech, with scattered hop-
rison Brook with Grande Riviére, 47.24193°N, hornbeam and Black Ash, on trunk of old Black Ash,
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29 August 2008, S.R. Clayden 19144. Northumber-
land Co.: Gover Mountain PNA, plateau near moun-
tain top, 47.036°N, 66.737°W, 510 m, mature decidu-
ous forest dominated by Sugar Maple, with scattered
Yellow Birch, Red Maple, and Red Spruce, on Sugar
Maple, 20 October 1993, S.R. Clayden 7914; Ken-
nedy Lakes PNA, along unnamed brook flowing S to
SW off unnamed hill between Route 108 and Dun-
garvon River, 46.7782°N, 66.5704°W, 380 m, mature
forest of Yellow Birch, Sugar Maple, beech, and Red
Spruce, on trunk of Sugar Maple, 2 July 2019, S.R.
Clayden 27863B; Hells Gate Hardwoods PNA, ~6.5
km ENE of Saint Margarets, 46.9232°N, 65.1121°W,
40 m, mature hardwood forest dominated by Sugar
Maple, Red Maple, and Yellow Birch, on trunk of
White Ash, 14 September 2019, S.R. Clayden 27996;
Queens Co.: Wolastoq (Saint John River) valley E
and S of Route 102 near Queenstown, ~1.5 km SW
of E end of Otnabog Lake, “Nickerson Woodlot”,
45.69034°N, 66.14550°W, 110 m, mature, mesic for-
est of Sugar Maple, beech, and Yellow Birch, with
scattered ash (Fraxinus L.), hop-hornbeam, and Red
Spruce, on Eastern Hop-hornbeam, 13 May 2008,
S.R. Clayden 18243. Restigouche Co.: Mount Car-
leton Provincial Park, off the W side of the Mount
Bailey trail, between 1 and 1.5 km from trailhead,
47.41°N, 66.91°W, hardwood stand dominated by
Sugar Maple, with moderate amount of Yellow Birch,
corticolous on Sugar Maple, 22 July 1989, S.B. Selva
4059. Saint John Co.: along woods road E of Little
Salmon River, 6 km SE of Crawford Lake, 45.532°N,
65.256°W, small patch of selectively logged forest
of Sugar Maple, beech, and Yellow Birch, on trunk
of large Nectria-cankered American Beech, 2 Sep-
tember 1994, S.R. Clayden 8907. Sunbury Co.:
Portobello Creek National Wildlife Area, French
Island, NE shore, opposite Sand Point, 45.92417°N,
66.30011°W, 8 m, lakeshore with sandstone ledges
and mixed conifer-hardwood forest including Red
Oak, hemlock, White Spruce (Picea glauca (Moench)
Voss), Silver Maple (Acer saccharinum L.), cedar,
and Grey Birch (Betula populifolia Marshall), on
trunk of large Red Oak, 9 August 2014, S.R. Clayden
24562. Victoria Co.: Highway 17, 3.2 km SW from
Restigouche County line, on Sugar Maple, 24 May
1981, W.S.G. Maass & B.L. Hoisington 81C-28a.
Westmorland Co.: Walker Road, ~6 km NW of
Sackville, W side of Trans-Canada Hwy, 45.95°N,
64.42°W, mixed hardwoods, on American Beech, 18
June 1976, S.R. Clayden 90. York Co.: Spednic Lake
PNA, between South Branch Mosquito Brook and
McAllister Brook, 45.66670°N, 67.65411°W, 150 m,
swampy forest of Red Maple, cedar, Speckled Alder
(Alnus incana subsp. rugosa (Du Roi) R.T. Clausen),
Black Spruce (Picea mariana (Miller) Britton, Sterns
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& Poggenburgh), and scattered Black Ash, with herb-
rich understorey, on trunk of Eastern White Cedar, 14
August 2017, S.R. Clayden 26733; Crabbe Mountain,
NE-facing slope, 46.12403°N, 67.10011°W, 240 m,
hardwood forest dominated by Sugar Maple, Yellow
Birch, beech, and Striped Maple (Acer pensylvanicum
L.), with scattered fir, on trunk of Sugar Maple, 28
December 2018, S.R. Clayden 27379.

Also known from Charlotte Co.: Campobello
Island, July 1902, W.G. Farlow, s.n. (Farlow Her-
barium, Harvard University [FH 00478186]), cited
by Sheard (2010); Grand Falls Flowage on St. Croix
River, 45.2781°N, 67.4789°W, hardwood (maple
[Acer L.], beech, birch [Betula L.]) forest, on maple,
30 April 2011, J.C. Lendemer 27816 (William and
Lynda Steere Herbarium, New York Botanical Gar-
den [NY)).

Rinodina cinereovirens (Vain.) Vain. (synonym [syn.]
R. turfacea var. cinereovirens (Vain.) H. Mayrhofer
[Sheard et al. 2017; Sheard 2018]; Figure 4b)

Reported for New Brunswick by Sheard et al.
(2017) without details of the single occurrence known
at the time, which are provided here. Characterized by
its thin, greyish, distinctly areolate, corticolous or lig-
nicolous thallus containing sphaerophorin; narrowly
attached apothecia; apothecial margins with the cor-
tex expanded in its lower part (Figure 5a) and I+ blue;
and large Physcia-type ascospores with a well-devel-
oped torus.

A second, previously overlooked, historical occur-
rence of R. cinereovirens in New Brunswick came
to light during the present study. This is based on a
specimen in the Farlow Herbarium (FH) collected
by W.G. Farlow on Campobello Island in the Bay of
Fundy in 1902 (Figure 4b). It was reported by Sheard
(2010) as R. granuligera H. Magn., but we have re-
identified the specimen as R. cinereovirens (corrobo-
rated by J.W. Sheard, 19 May 2023). Its morphology
and chemistry (confirmed with TLC) are fully con-
sistent with this species. Rinodina granuligera differs
from R. cinereovirens in having a more continuous
thallus containing atranorin, not sphaerophorin, a P+
red-orange epihymenium containing pannarin, and
smaller Dirinaria-type ascospores that swell at the
septum in KOH (Sheard 2010, 2018). It is endemic to
the Piedmont and Coastal Plain regions of the south-
castern United States (Sheard 2010; Lendemer et al.
2014).

In the two New Brunswick specimens of R. cine-
reovirens, the spores are (20.5-)23.8-28.5(-30.5) x
(10.0-)11.2-12.8(~13.5) um, with a length/width ra-
tio of (1.8-)2.0-2.4(-2.6) (n = 46). Uncommonly for
R. cinereovirens, some of the apothecia in both spec-
imens have somewhat pruinose discs, the light-grey
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FIGURE 5. Rinodina cinereovirens, section of apothecium
(Clayden 18111). a. In brightfield illumination. b. In polar-
ized light. Arrows indicate expanded lower cortex of thalline
exciple and proper exciple next to hymenium, both lack-
ing sphaerophorin crystals. Dense deposits of birefringent
sphaerophorin crystals are present in the medulla, and sparse
streaks in the epihymenium. In brightfield, the medulla
appears dark, but its opaqueness is due to the abundance of
sphaerophorin crystals, which are colourless. Scale bars: 100
pm. Photos: S.R. Clayden.

pruina apparently consisting of crystals of sphae-
rophorin. Crystals are also present in scattered streaks
extending into the upper part of the hymenium, dis-
tinct from the more diffuse red-brown epihymenial
pigment (Figure 5b). The presence of sphaeropho-
rin in the specimen from Campobello Island was con-
firmed by TLC.

Rinodina cinereovirens was treated by Mayrhofer
and Moberg (2002) as a corticolous variety of
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Rinodina turfacea (Wahlenb.) Kérb., and by Sheard
(2010) as part of a continuum of variation within that
species. However, Sheard er al. (2017) found that
the ascospores of Arctic terricolous and boreal cor-
ticolous/lignicolous populations of R. turfacea s.l.
differ subtly in average size, shape, and number per
ascus, supporting the reinstatement of R. cinereovi-
rens at species rank. Although the asci of R. cinere-
ovirens often contain only four spores (Sheard et al.
2017), only eight-spored asci were observed in the
New Brunswick specimens.

This species is widely but sparsely distributed
in boreal forests around the Northern Hemisphere
(Mayrhofer and Moberg 2002; Sheard et al. 2017,
Galanina et al. 2021a,b). In North America, it has
been documented to date from fewer than 20 locali-
ties scattered from Alaska to Newfoundland (Sheard
et al. 2017; Sheard 2018). The historical occurrence
on Campobello Island reported here is the southern-
most on record. Farlow did not note its precise loca-
tion on the island, which lies between 44.83°N and
44 .96°N, or details of the habitat or substratum of the
specimen. Ecologically, Campobello Island is in New
Brunswick’s Fundy Coast Ecoregion (Zelazny 2007),
which has a hemiboreal rainforest climate and vege-
tation (Clayden ef al. 2011). The other New Bruns-
wick occurrence of R. cinereovirens is near the prov-
ince’s northern (Baie des Chaleurs) coast, about 350
km northeast of Campobello Island. However, this
area has a more continental climate than the Bay of
Fundy coast, with warmer summers, colder and snow-
ier winters, lower annual precipitation, and much less
fog (Clayden 2000, 2010).

Our examination of the bark characteristics of
Farlow’s specimen from Campobello Island indicates
that it probably came from a mountain-ash, most
likely American Mountain-ash (Sorbus americana
Marshall), which is a frequent component of coastal
spruce (Picea A. Dietrich)—fir—birch forests on the
island. The specimen consists of several fragments of
dark thin outer bark (periderm) typical of a mature
or possibly senescent individual of this tree species.
Several other lichens are present on the same bark
fragments: an unidentified, small, poorly developed
species of Caloplaca s.l. (probably Athallia pyracea
(Ach.) Arup, Frodén & Sechting), Leptogium cyane-
scens (Rabenh.) Korb., Parmelia cf. squarrosa Hale
(small immature lobes), Rinodina subpariata (Nyl.)
Zahlbr., and possibly Rinodina efflorescens Malme
(too fragmentary for chemical analysis).

Farlow made two visits to Campobello Island, in
1898 and 1902, during which he collected numer-
ous specimens of several groups of cryptogams
(Pfister 2016). Most notable among the lichens was
the type material of the rare cyanolichen Boreal
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Felt Lichen (Erioderma pedicellatum (Hue) P.M.
Jorg.), and an accompanying fragment of Vole Ears
(Erioderma mollissimum (G. Sampaio) Du Rietz;
Jorgensen 1972). Conifer needles and bark present in
the specimen envelopes indicate that the collections
of these species were from Balsam Fir (Jergensen
1972; Maass 1980). Neither Erioderma species has
been found subsequently on the island, despite inten-
sive searching (Maass 1980; Maass and Yetman 2002;
COSEWIC 2009, 2014). Their presumed local extir-
pation was attributed by Maass (1980; Maass and
Yetman 2002) to a combination of logging, human-
caused forest fires, and acid precipitation. It is pos-
sible that R. cinereovirens has likewise disappeared
from Campobello Island. However, there are several
hundred hectares of relatively intact coastal forest
protected within Roosevelt Campobello International
Park and Herring Cove Provincial Park on the island.
Further lichen surveys in these areas, including target-
ted searching of mountain-ash, should be carried out
in order to assess the current local status of R. cine-
reovirens.

The occurrence of R. cinereovirens on Black Ash
in northern New Brunswick was in an opening in a
wet minerotrophic swamp forest dominated by cedar.
The site is adjacent to a large (~300 ha) ombrotrophic
bog where an extensive peat-harvesting operation
began a few years before R. cinereovirens was found
in the area. Drainage ditches from the bog are directed
toward the swamp-forest community, and the current
status of R. cinereovirens at the site is unknown. The
diversity of lichens and lichenicolous fungi in this
type of forest community in the province and region
is generally high (Clayden 2010; S.R.C., K.E.D., and
S.B. Selva unpubl. data). Ongoing studies demon-
strate that it supports a number of rare and/or previ-
ously undescribed species occurring on various conif-
erous and hardwood trees, including Black Ash (e.g.,
Holien et al. 2015; Driscoll et al. 2016; Selva and
Tuovila 2016; Haughian ez al. 2018; Ertz et al. 2021).

Black Ash has a relatively high bark pH, reported
by Nimis (1985) to be 7.2 + 0.3 in the southern boreal
Clay Belt region of Ontario, where it is likewise a
component of swamp forests dominated by cedar.
Lichens growing next to R. cinereovirens on Black
Ash at the New Brunswick locality included Leci-
dea erythrophaea Florke ex Sommerf., Parmelia sul-
cata Ach., Ramalina dilacerata (Hoffm.) Hoffm.,
and Ramalina roesleri (Hochst. ex Schaer.) Hue. The
presence of several cyanolichens and species such as
Bacidia polychroa (Th. Fr.), Gyalolechia xanthostig-
moidea (Rasdnen) Sechting, Frodén & Arup, and Het-
erodermia speciosa (Wulfen) Trevis. on neighbour-
ing trees is indicative of locally base-rich conditions.
The complex of swamp forests and fens in this area is
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associated with subsurface deposits of early postgla-
cial, calcareous, marine silt and clay (Michalica et al.
2000). Several provincially uncommon to rare calci-
philous vascular plants are present in the area, includ-
ing Small Round-leaved Orchid (Galearis rotundifo-
lia (Banks ex Pursh) R.M. Bateman) and Sage Willow
(Salix candida Fliggé ex Willdenow; Blaney 2000).

The invasive non-native Emerald Ash Borer
(Agrilus planipennis Fairmaire) now poses a threat
to lichens and other biota, known and unknown,
that occur on ash species in North America. Black
Ash appears to be the most susceptible ash species
(COSEWIC 2018). Emerald Ash Borer was first
detected in New Brunswick and Atlantic Canada in
the Edmundston area in 2018 and, soon after, fur-
ther south in the province, eastward into Nova Sco-
tia, and northeastward in the Gaspésie region of Que-
bec (CFIA 2022). In the Ottawa region, it has caused
extensive mortality of Black Ash, and declines of sev-
eral lichens locally restricted to this tree species are
expected (Brodo ef al. 2021a).

Specimens examined—Charlotte Co.: Campo-
bello Island, July 1902, W.G. Farlow, s.n. (FH 00478
279). Gloucester Co.: North side of Lambert Barren,
~7.5 km SW of Pokeshaw, 47.7232°N, 65.3004°W,
55 m, swampy open woods dominated by cedar, Red
Maple, fir, and Black Spruce, with scattered Black
Ash, Yellow Birch, and Paper Birch (Betula papyr-
ifera Marshall), on Black Ash, 7 October 2007, S.R.
Clayden 18111 (confirmed by J.W. Sheard).

Rinodina efflorescens Malme (Figure 4c)

Reported for New Brunswick by Sheard (2010),
based on specimens collected by Emmanuél Séru-
siaux in 1988 in Fundy National Park (Albert County)
and Kouchibouguac National Park (Kent County).
Characterized by its grey-brown areolate thallus
containing pannarin (P+ red-orange, K—) and trace
amounts of zeorin, with discrete, contrasting, often
more or less punctiform, usually pale greenish-yel-
low soralia (Figure 6a) containing secalonic acid A
(KC+ yellow-orange). Rinodina willeyi, like R. efflo-
rescens, contains pannarin and zeorin, but its soredia
are greyish and KC— and (in New Brunswick mate-
rial) often spread diffusely, especially in thalli over-
growing bryophytes (Figure 6b). We have not found
R. efflorescens growing on corticolous bryophytes,
although it is reported to do so elsewhere (Tons-
berg 1992; Mayrhofer and Moberg 2002). Rinodina
subpariata has a light-grey thallus and contrasting,
white soredia, both containing abundant atranorin
(K+ yellow). These three species also differ in asco-
spore morphology and/or size; however, apothecia are
lacking in most thalli. They are present in seven of
the 30 New Brunswick specimens of R. efflorescens
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Fi1Gure 6. Thalli of selected Rinodina species occurring in New Brunswick. a. Rinodina efflorescens (Clayden 28686), with
yellowish soredia. b. Rinodina willeyi (Clayden 28931), soredia concolorous with thallus. c¢. Rinodina populicola (Clayden
28963), with large and small apothecia. d. Rinodina subminuta (Clayden 28773), note two eroded apothecia at the extreme
right. e. Rinodina tephraspis (Clayden 26829), thallus continuous at left to dispersed-areolate at right. f. Rinodina tenuis

(Clayden 28748), with apothecia erumpent when young. Scale bars: 0.5 mm. Photos: Roger Smith.

examined for our study and have Physcia-type asco-
spores measuring (12.5-)14.6-18.9(-21.5) x (7.0-
)7.6-9.5(=10.0) um (n = 42). One specimen (Clayden
26910) is unusual in having numerous apothecia
and only sparsely developed soralia, but its asco-
spore characters and chemistry (confirmed with TLC)
are consistent with those of R. efflorescens. In most
specimens, the dark colour of the thallus is imparted
largely by the very thin prothallus, described by Tons-
berg (1992: 146) as a “brown stain” between the usu-
ally dispersed, somewhat lighter-coloured areoles

(Figure 6a).

Rinodina efflorescens is widely distributed in for-
ested, north-temperate to hemiboreal, climatically
humid areas of North America and Eurasia, with
southward extensions in montane forests (Mayrhofer
and Moberg 2002; Sheard 2010; Lendemer et al.
2014; Galanina et al. 2021a). Although it is fre-
quent throughout New Brunswick, it has not yet been
reported from the other provinces of Atlantic Can-
ada, possibly because sorediate species are gener-
ally under-collected. In New Brunswick, it occurs in
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a wide range of mesic to wet forest types; however,
it is scarce or lacking in mature hardwood forests on
relatively base-rich soils where R. willeyi is some-
times frequent. We have not found R. efflorescens on
Sugar Maple, which is the most frequently recorded
phorophyte of R. willeyi in the province. Conversely,
R. efflorescens occurs commonly on several tree and
shrub species with more acidic bark and on which R.
willeyi is scarce or lacking. Among the specimens we
examined, 10 were on Red Maple, six on Balsam Fir,
four on Speckled Alder, two each on Yellow Birch
and Paper Birch, and one each on Striped Maple,
Mountain Maple (Acer spicatum Lamarck), Amer-
ican Beech, Red Oak, and American Mountain-ash.
Selected specimens examined—Charlotte Co.:
Campobello Island, Roosevelt Campobello Interna-
tional Park, Liberty Point, trail to Lower Duck Pond,
44.832°N, 66.931°W, 40 m, coastal spruce—fir—birch
woods with scattered American Mountain-ash, on
mountain-ash, 24 September 2016, K.E. Driscoll
1347; ibid., along Fox Hill Drive, ~2 km W of Lib-
erty Point Drive, at base of Fox Hill, 44.85344°N,
66.95304°W, mature forest dominated by Yellow
Birch, on stem of Mountain Maple, 25 September
2016, S.R. Clayden 26298. Gloucester Co.: Jac-
quet River Gorge PNA, ~1.6 km E of Big Meadow,
47.7822°N, 65.8825°W, 175 m, forest of Red Maple,
beech, fir, Paper Birch, and White Spruce, on smooth
bark of American Beech, 8 August 2010, S.R. Clayden
21033. Kings Co.: Shippee Nature Reserve, near top
of ridge between Cedar Camp and Chambers Set-
tlement, 45.68733°N, 65.30949°W, 275 m, mainly
deciduous forest with Red Oak, hop-hornbeam,
Sugar Maple, beech, White Spruce, and Red Spruce,
on trunk of Red Oak, 26 August 2017, S.R. Clayden
26910; Canadian Forces Base Gagetown, Nerepis
Hills, near Askwith Brook, ~500 m ENE of end of
Cochrane Lane, 45.4402°N, 66.3008°W, 70 m, mod-
erately open young stand of Red Maple, poplar (Pop-
ulus L.), and birch, on trunks of Red Maple, 7 May
2022, S.R. Clayden 28686. Northumberland Co.:
Nepisiguit PNA, along unnamed brook SW of Pop-
ple Depot, 47.38678°N, 66.53639°W, 310 m, mixed
forest of fir, Trembling Aspen (Populus tremuloides
Michaux), Sugar Maple, and birch, on thin branches
of Balsam Fir, 17 September 2015, S.R. Clayden
25658. Queens Co.: Grand Lake PNA, along for-
est road from Coy Road to East Branch Baltimore
Stream, 45.97138°N, 66.11748°W, 50 m, young for-
est of fir, Paper Birch, and Red Maple, on smooth
bark of Balsam Fir, 13 June 2013, S.R. Clayden
23859. Restigouche Co.: South side of lake at Sum-
mit Depot, 47.78125°N, 68.31897°W, 410 m, young
forest dominated by fir and White Spruce, on trunk
of Balsam Fir, 1 August 2012, S.R. Clayden, 23537.

Vol. 137

Sunbury Co.: Portobello Creek National Wildlife
Area, French Island, NE shore, opposite Sand Point,
45.92677°N, 66.30252°W, 10 m, moderately open
young forest of Grey Birch, cedar, and Red Maple,
with scattered older/larger trees, on large broken Red
Maple, 19 August 2014, K.E. Driscoll 1054. York
Co.: Upper part of Kellys Creek, on N side, between
Trans-Canada Hwy and Mazerolle Settlement Road,
45.87756°N, 66.82538°W, 95 m, wet forest of Red
Maple, fir, Trembling Aspen, and Speckled Alder, on
Speckled Alder, 8 June 2008, S.R. Clayden 18530.

Also known from Albert County and Kent County,
as noted above.

Rinodina fireyi H. Magn. (syn. R. glauca Ropin [Sheard
2010]; Figure 4d)

Reported for New Brunswick by Gowan and
Brodo (1988), as R. magnussonii Sheard ined., and
by Sheard (2010). Characterized by its non-erumpent,
broadly to sometimes narrowly attached apothecia
which are typically clustered on and around branch
axils and leaf scars of twigs and thin branches; thin,
green-grey to brownish, areolate to continuous/fis-
sured thallus lacking secondary metabolites detect-
able by TLC; and eight-spored asci with Physcia-
type spores measuring (12.5-)14.3-16.9(-19.0) x
(6.0-)6.7-7.9(-8.5) um (n = 86) in New Brunswick
specimens. The habits of the apothecia and thalli can
sometimes resemble those of R. pachysperma and
R. populicola, but these species are readily distin-
guished by other characters: R. pachysperma by its
Pachysporaria-type spores, and R. populicola by its
16-32-spored asci. Rinodina subminuta has more dis-
persed, erumpent apothecia, larger spores, and con-
tains zeorin; it also occurs mainly on tree boles and
large branches. The species most similar to R. freyi is
R. septentrionalis. Their differences are noted under
R. septentrionalis, below.

Rinodina freyi is widely distributed in the southern
boreal and hemiboreal zones of North America and
Eurasia (Sheard 2010, 2018; Brodo 2016; Sheard et
al. 2017). Its circumscription, nomenclature, and dis-
tribution were first clearly resolved by Sheard (2010).
In New Brunswick, it occurs on trees and shrubs in a
wide range of habitats. However, its small thalli are
often inconspicuous and scattered, and it is probably
underrepresented in collections. It has been found, for
example, on twigs of conifers on coastal headlands
subject to salt spray, on planted trees in urban areas,
and in openings, edges, or in the canopy of early
successional to mature forests of varied composi-
tion. Shared features of these disparate microhabitats
appear to be nutrient enrichment by external inputs
or by leakage from the substrata, and relatively high
light levels. The phorophytes of specimens examined
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for our study or reliably identified by other collectors
included Balsam Fir, Norway Maple (Acer platanoi-
des L.), Silver Maple, Sugar Maple, Speckled Alder,
Yellow Birch, ash (species not determined), Tama-
rack (Larix laricina (Du Roi) K. Koch), apple (Malus
Miller), Balsam Poplar (Populus balsamifera L.),
Trembling Aspen, Pin Cherry (Prunus pensylvanica
L.), Red Oak, elderberry (Sambucus L.), cedar, and
White Elm (Ulmus americana L.).

Selected specimens examined—Albert Co.: Cale-
donia Gorge PNA, along road to Canada Creek,
45.77275°N, 64.78191°W, 333 m, edge of young
mixed forest along road, on branches of Pin Cherry,
17 August 2012, S.R. Clayden 23652. Gloucester
Co.: Miscou Island, along boardwalk-trail E of Route
113 at Lac Cheniére, 47.96458°N, 64.53225°W, 7 m,
open, wet coastal bog with scattered thickets of Tam-
arack, Black Spruce, and tall shrubs, on branch of
Tamarack, 10 July 2015, S.R. Clayden 25330. Kings
Co.: Poley Mountain, just E of ski hill, 45.67478°N,
65.38319°W, 205 m, mixed forest of maple, birch,
spruce, fir, hemlock, hop-hornbeam, and poplar, on
N-facing slope, on thin young branch of Balsam Fir,
24 February 2017, S.R. Clayden 26420. Madawaska
Co.: Saint-Basile, along Wolastoq (Saint John River),
47.342°N, 68.218°W, 140 m, forest of Silver Maple
on levee and floodplain of river, on Silver Maple, 24
June 2010, S.R. Clayden 20992. Northumberland
Co.: close to Doaktown, on elderberry near old saw
mill, 5 May 1978, I Walker, s.n. Restigouche Co.:
Mount Carleton Provincial Park, off W side of Mount
Bailey trail, between 1 and 1.5 km from trailhead,
47.41°N, 66.91°W, hardwood stand dominated by
Sugar Maple, with moderate amount of Yellow Birch,
corticolous on branches of Yellow Birch, 22 July
1989, S.B. Selva 4064; Kedgwick River, at conflu-
ence with Restigouche River, 47.665°N, 67.491°W,
on Trembling Aspen, 29 July 1989, S.P. Gowan 5663;
MacFarlane Brook PNA, ~5 km NW of confluence
with Restigouche River, 47.602°N, 67.626°W, 290
m, broad, shallow brook valley with mesic to wet
forest dominated by cedar, with Black Spruce, fir,
and scattered Paper Birch, with wet openings domi-
nated by Speckled Alder, on Speckled Alder, 25 May
2007, S.R. Clayden 17247. Saint John Co.: City of
Saint John, Manawagonish Road between Centennial
Drive and Hillcrest Drive, 45.241°N, 66.117°W, on
elm (Ulmus L.), 25 September 1975, H.R. Hinds 75-
88,75-97 (det. J.W. Sheard); City of Saint John, Riv-
erview Memorial Park, 45.26817°N, 66.08233°W, 30
m, city park with mature planted trees, mostly Nor-
way Maple, on bark of Norway Maple, 2 June 2004,
M. Mildenberger 15; ibid. on branches from crown of
large Red Oak, 3 August 2004, S.R. Clayden 12983.
Westmorland Co.: Fairfield Hills, Walker Road, 6.5
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km NNW of Sackville, swampy mature Red Spruce—
Red Maple forest, on canopy twigs of 110-year-old
Red Maple, 28 June 1987, H. Harries 870628-01.
York Co.: between Trans-Canada Hwy and upper
part of Kellys Creek, SW of Mazerolle Settlement,
45.87232°N, 66.82954°W, 95 m, mesic to wet forest
of cedar, fir, Red Spruce, Red Maple, and hemlock,
on twigs of Eastern White Cedar, 28 April 2006, S.R.
Clayden 14318.

Also known from Charlotte Co.: New River
Beach Provincial Park, Barnaby Head Trail between
Raspberry Cove and Chitticks Beach, 45.1306°N,
66.5253°W, wet coastal mixed conifer (fir, spruce)
forest with scattered hardwoods (mountain-ash [Sor-
bus L.], alder [Alnus Miller], birch) and rock out-
crops, on alder, 29 April 2011, W.R. Buck 57639
(NY); Grand Falls Flowage on St. Croix River, pen-
insula N of parking area at terminus of NB 725,
45.28°N, 67.48°W, roadside and mixed forest of pop-
lar and fir, on upper branches of fallen poplar, 30
April 2011, R.C. Harris 56678 (NY); Caughey-Tay-
lor Nature Preserve, E of NB 127, N and E of Sam
Orr Pond, 45.1656°N, 67.0469°W, mixed conifer for-
est with rhyolite and basaltic outcrops, on apple, 2
May 2011, R.C. Harris 56765-4 (NY).

Rinodina gennarii Bagl. (Figure 4e)

Reported for New Brunswick by Résdnen (1933:
15) as “Rinodina demissa (F1k.) Mass.” and by Sheard
(2010). Both reports are based on a specimen collected
by Tapio Reijonen in 1930 at Dalhousie, Restigouche
Co., near the north coast of the province. Character-
ized by its saxicolous (rarely lignicolous) grey-brown
areolate thallus; lack of secondary metabolites detect-
able with TLC; relatively small ascospores tending to
become swollen at the septum (Figure 7a), especially
in KOH-mounts (Dirinaria-type); and occurrence on
or near maritime shores (Sheard 2010).

Although it is locally frequent on coastal rocks
along the Bay of Fundy, the only previously docu-
mented occurrence in the province was the one at Dal-
housie, where it was found “on a field stone” (Rédsdnen
1933: 15). Rinodina gennarii is widely distributed
in temperate to low-boreal regions of the Northern
and Southern Hemispheres (Trinkaus et al. 1999). In
North America, it occurs exclusively in maritime hab-
itats, mainly in the spray (supralittoral) zone and on
surfaces enriched by guano (Sheard 2010, 2018). It
is one of the most abundant crustose lichens on rock
at a large nesting colony of cormorants and gulls on
Manawagonish Island near Saint John, where it is
associated with lichens such as Amandinea punctata
(Hoffm.) Coppins & Scheid., Lecidella scabra (Tay-
lor) Hertel & Leuckert, Myriolecis species, Physcia
adscendens (Fr.) H. Olivier, and Xanthoria parietina
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FIGURE 7. Ascospores of selected Rinodina species. a.
Rinodina gennarii (Dirinaria-type, lacking a torus and with
slight swelling at septum, in 10% KOH; Bremner AB30). b.
Rinodina subminuta (Physcia-type, at intermediate stage of
development, with strongly angular lumina, apically thick-
ened walls and darkened torus; Clayden 24853). c. Rinodina
pachysperma (Pachysporaria-type, with rounded lumina, lat-
erally and apically thickened walls, and poorly defined torus;
Clayden 28971). Scale bars: 10 um. Photos: S.R. Clayden.

(L.) Th. Fr. It also occurs on driftwood logs at this
site. An incidental occurrence on rusted metal at
another coastal site (see below) probably also reflects
localized nutrient enrichment. On Sable Island, Nova
Scotia, R. gennarii is “common on cement and con-
crete” (Richardson et al. 2009: 568).

Specimens examined—Albert Co.: W side of
Cape Enrage, coastal sandstone cliff, on HCI+ rock,
with Athallia holocarpa (Hoffm.) Arup, Frodén &
Sechting, Flavoplaca flavocitrina Arup, Frodén &
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Sechting, and Myriolecis schofieldii (Brodo) Sliwa,
Zhao Xin & Lumbsch, 45.597°N, 64.781°W, 26
July 1992, S.R. Clayden 7254. Charlotte Co.:
Pea Point Lighthouse, 1.7 km SW of Black’s Har-
bour, 45.0392°N, 66.8069°W, on rusted steel plate
on the ground, with A. holocarpa, Candelariella
aurella (Hoffm.) Zahlbr., and X. parietina, 21 May
2008, D. Malloch, s.n.; New River Beach Provin-
cial Park, Carrying Cove, near start of Barnaby Head
trail, rocky coastal shore, 45.1298°N, 66.5277°W,
20 August 2018, S.R. Clayden 27257. Saint John
Co.: Manawagonish Island, on rock, 45.209°N,
66.108°W, 1 July 1987, S.R. Clayden 5772; ibid.,
45.2083°N, 66.1100°W, rocky beach, on driftwood,
with Lecanora xylophila Hue, 16 October 2006, 4.M.
Bremner AB30; ibid., 45.20717°N, 66.11021°W,
low siltstone rock-outcrops among thickets of North
American Red Raspberry (Rubus idaeus subsp. strigo-
sus (Michaux) Focke) in area with many nesting gulls
and cormorants, 13 May 2021, S.R. Clayden 28491,
28493, ibid., 45.20969°N, 66.10654°W, low NW-fac-
ing siltstone bluffs at top of cobble beach, 3 to 5 m
above mean high tide line, 13 May 2021, S.R. Clayden
28501, Saints Rest Marsh—F. Gordon Carvell Nature
Preserve, at mouth of Manawagonish Creek, rocky
coastal shore, on rock, 45.22309°N, 66.14230°W, 16
August 2013, S.R. Clayden 24130 p.p.

Also known from Restigouche Co., as noted
above.

Rinodina moziana (Nyl.) Zahlbr. (syn. Mischoblastia
moziana (Nyl.) S.Y. Kondr.,, L. Lékés & J.-S. Hur
[Kondratyuk ef al. 2021]; Rinodina destituta Zahlbr.
[Sheard et al. 2017]; Figure 4e)

Reported for New Brunswick by Sheard (2010) as
R. destituta, based on a specimen collected by Sha-
ron Gowan in Fundy National Park in 1980 (details
below). Characterized by its areolate, grey, saxico-
lous thallus containing atranorin in the cortex (K+
yellow, crystals visible in polarized light), and lightly
pigmented ascospores with strongly thickened apical
walls and triangular to rounded lumina (Mischoblas-
tia-type: Sheard [2010]). The New Brunswick spec-
imen was originally reported as Rinodina arenaria
(Hepp) Th. Fr. or Rinodina iowensis Zahlbr. (Gowan
and Brodo 1988: 279, 305, 322). It was accurately
described as having a K+ yellow thallus and spores
21-24 x 10-14 um (Gowan and Brodo 1988); how-
ever, the taxonomy and nomenclature of these spe-
cies were not well resolved at the time (Sheard 2010).
Rinodina arenaria is a synonym of Rinodina teph-
raspis (Tuck.) Herre, which is distinguished from R.
moziana by its K— cortex (lacking atranorin), among
other characters; R. iowensis is a synonym of Rino-
dina cana Zahlbr., which also lacks atranorin and is
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not known to occur in eastern Canada or northern
New England (Sheard 2010).

Rinodina oxydata (A. Massal.) A. Massal. resem-
bles R. moziana in having Mischoblastia-type spores
and a saxicolous thallus containing atranorin. How-
ever, its thallus is typically thinner and more fissured
(“rimose”) than that of R. moziana, and its spores
are smaller (Sheard 2010). Although it has not been
found in New Brunswick, R. oxydata is to be expected
in the province, as scattered occurrences are known in
southern Ontario, Quebec, southeastern Newfound-
land, and Maine (Sheard 2010; Lendemer et al. 2014;
Seaward et al. 2017). In contrast, the record of R.
moziana in Fundy National Park is isolated by more
than 700 km from the closest known occurrences in
Ontario (Sheard 2010; Brodo et al. 2021a) and south-
ern New England (Sheard 2010; Lendemer et al.
2014). It has not been recorded elsewhere in Atlan-
tic Canada, Quebec, or Maine. S.R.C. revisited the
R. moziana locality in Fundy National Park in July
2022, but did not relocate the species during a ~2.5-
hour search.

Specimen examined and cited by J.W. Sheard
(Sheard 2010)—Albert Co.: Fundy National Park,
Point Wolfe, below covered bridge, on south facing
conglomerate cliffs above water, 19 June 1980, S.P.
Gowan 2456 (Canadian Museum of Nature Lichen
Herbarium [CANL]).

Rinodina pachysperma H. Magn. (Figure 4f)

New to New Brunswick. Endemic to eastern
North America, this species is readily distinguishable
from other corticolous Rinodina species in Atlantic
Canada with K— and P— thalli by its Pachysporaria-
type ascospores with rounded lumina and both lateral
and apical internal wall-thickenings (Figure 7¢). The
spores in the New Brunswick specimens are slightly
larger, (13.5-)15.8-18.7(-21.5) x (6.5-)7.8-9.7(-11)
um (n = 75), and more variable in shape (length/width
ratio (1.6-)1.7-2.3(-2.6)) than reported for this spe-
cies by Sheard (2010, 2018). In R. freyi and R. sub-
minuta, the spore lumina are angular (see Figure 7b)
until overmature, and the apical walls are distinctly
thicker than the lateral walls (Physcia-type). Thalli of
R. pachysperma rarely form “consoredia” that break
down into individual soredia 10-20 pm in diameter
(Sheard 2010, 2018); however, we have not found
sorediate thalli of R. pachysperma in New Brunswick.
Rinodina papillata H. Magn. has Pachysporaria-type
spores similar to those of R. pachysperma, but it has
a glossier thallus with marginal, bulbous to cylindric,
bud-like propagules (“blastidia”) measuring ~200—
300 x 150 pm (Sheard 2010, 2018). In Canada, R.
papillata has been reported from a single locality in
southern Ontario (Sheard 2010).
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Rinodina pachysperma is locally abundant in bot-
tomland hardwood forests dominated by Silver Maple
on the floodplain of the Wolastoq (Saint John River)
and its tributaries in south-central New Brunswick.
The hydrology, climate, and biota of this area are
exceptional in several respects. It includes the largest
freshwater lake (Grand Lake) and wetland complex in
Atlantic Canada; it has the warmest climate of any of
New Brunswick’s ecoregions; and it forms the north-
eastern limit of the ranges of several species of tem-
perate North American hardwood trees and other vas-
cular plants (Clayden 2000; Zelazny 2007).

In some stands we examined, R. pachysperma
forms extensive cover on the trunks and lower
branches of Silver Maple down to or below the spring
high-water line. It also occurs on Red Ash (Fraxinus
pennsylvanica Marshall), Black Willow (Salix nigra
Marshall), Basswood (7ilia americana L.), and White
Elm in or at the edge of the floodplain forests (Figure
2a). It is sometimes accompanied by species of Pha-
eophyscia and Physcia. However, epiphytic lichen
species richness and coverage on Silver Maple in the
floodplain forests, at least in the shaded understorey
of stands with a continuous canopy, is generally much
lower than on Sugar Maple and associated hardwoods
in mesic upland settings in the province (S.R.C.
unpubl. data). We did not find any of the character-
istic Rinodina species of upland hardwoods (R. asco-
ciscana, R. subminuta, R. willeyi) on Silver Maple in
the floodplain forests (Figure 3).

The floodplain habitat of R. pachysperma in New
Brunswick is similar to that of an occurrence in
Ontario reported by Brinker (2020). Records of this
species posted on the website of the Consortium of
Lichen Herbaria (2023) indicate, likewise, that sea-
sonally flooded forests are its most common habi-
tat. This association may account for a concentration
of records of R. pachysperma along the upper Mis-
sissippi River and its major tributaries in the cen-
tral United States (Sheard 2010). It is apparently rare
or at least generally overlooked in upland settings in
the Appalachian Mountains (Lendemer et al. 2014).
Records from coastal pine—oak forests on Long Island
(Brodo 1968) were revised by Sheard (2010) to Rino-
dina maculans Mill. Arg. The latter species has a
mainly coastal distribution and reaches its northeastern
range limit in southern New England (Sheard 2010).

The occurrences of R. pachysperma in New Bruns-
wick fill a large gap in the reported distribution of this
species in the Northeast. Previously, the only record
east and north of southern Quebec was an anomalous
outlier in boreal western Newfoundland, documented
by a specimen (and duplicates) collected by A.C. Wag-
horne at Deer Lake in 1897 (Sheard 2010). This col-
lection (Waghorne 842) was first reported by Arnold
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(1899) as Rinodina sophodes f. albana A. Massal. (=
Rinodina albana (A. Massal.) A. Massal.), a species
with larger spores and differently shaped spore-lumina
that is not known to occur outside Europe (Nadyeina
et al. 2010). Waghorne did not record details of the
habitat or substratum of the specimen. However, the
authenticity of his late 19th-century collections of
many uncommon and rare lichens has been validated
by recent rediscoveries of a number of these species
in Newfoundland (J.W. McCarthy pers. comm. 10
August 2022). A possible phorophyte for his collection
of R. pachysperma could have been Balsam Poplar.
Isolated occurrences of several temperate mosses are
known from this tree species in western Newfound-
land (Belland 1981; Belland and Brassard 1981). Wag-
horne collected at least one such moss, Pylaisia selwy-
nii Kindb., at Deer Lake (Belland and Brassard 1981).

Selected specimens examined—Kings Co.: un-
named wooded island near mouth of Nerepis River,
1 km NW of Woodmans Point, 45.37°N, 66.24°W,
5 m, Silver Maple riparian forest on alluvial island,
on exfoliating bark of large Silver Maple overhang-
ing river, 30 August 1988, S.R. Clayden 6500. Queens
Co.: Grand Lake PNA, between Raft Channel and
Jemseg River, 45.79493°N, 66.10117°W, 5 m, flood-
plain forest of Silver Maple and Red Ash on deep allu-
vial soil, abundant on smooth bark of young Red Ash,
16 August 2014, S.R. Clayden 24720 & K.E. Driscoll.
Sunbury Co.: Portobello Creek National Wildlife
Area, along Route 690, 1 km SW of Lakeville Cor-
ner, 45.8999°N, 66.2585°W, 5 m, floodplain forest
of Silver Maple along lakeshore, on trunk of Silver
Maple, 15 June 2013, S.R. Clayden 24101 (det. J.W.
Sheard). York Co.: Lower Lincoln, between mouth
of Oromocto River and Wolastoq (Saint John River),
Thatch Road, ~800 m SE of junction with Route 102,
45.86586°N, 66.50396°W, 5 m, floodplain forest of
Red Ash, Silver Maple, Basswood, and Butternut (Jug-
lans cinerea L.), on Basswood, 22 September 2019,
S.R. Clayden 28073; Upper Shores Island, 45.96925°N,
66.81758°W, mature riparian forest of Red Ash, Bass-
wood, Butternut, and Silver Maple, on trunk of young
Red Ash, 7 April 2022, S.R. Clayden 28649.

Rinodina polyspora Th. Fr. (Figure 4g)

Reported for New Brunswick by Gowan and
Brodo (1988) and Sheard (2010). Characterized by
its very thin thallus; scattered (not clustered) apothe-
cia which are usually <0.5 mm in diameter and soon
become convex, excluding the thalline margin; and
12—16-spored asci with Physcia- to Physconia-type
ascospores (apical walls initially thick, but sometimes
becoming thinner in mature stages). Rinodina popu-
licola has a more conspicuous, distinctly areolate
thallus, and larger, persistently marginate apothecia
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mostly containing 16-32 Physconia-type spores per
ascus. In both species, eight-spored asci are also
uncommonly present together with asci with higher
spore numbers (Sheard 2010; our study).

Rinodina polyspora is known from eastern and
western North America (Sheard 2010) and eastern
and western Eurasia (Mayrhofer and Moberg 2002;
Sheard et al. 2017). In eastern North America, it is
distributed in a fairly narrow latitudinal band from
the western Great Lakes region to the Maritime prov-
inces (Sheard 2010). Records from the northeastern
United States, including Maine, Massachusetts, New
Hampshire, New York, Pennsylvania, and Vermont,
all appear to date from the 19th and early 20th centu-
ries (Consortium of Lichen Herbaria 2023). Declines
or extirpations of R. polyspora in Europe are also
inferred to have occurred (Mayrhofer and Moberg
2002; Wirth et al. 2013; Nimis et al. 2018; Wirth
2021), but the factors underlying these changes are
uncertain (Wirth 2021). Owing to the limited extent
and depth of lichen surveys in New Brunswick and
the other Maritime provinces before recent decades,
it is not possible to assess whether R. polyspora has
declined in abundance in this region.

Gowan and Brodo (1988) reported this species
from old field and roadside habitats in Fundy National
Park, where it was found on Trembling Aspen.
Another roadside occurrence near Sussex, Kings Co.
(not “Sussex Co.”) was reported by Sheard (2010).
Our study documents eight further occurrences scat-
tered throughout the province in forest habitats rang-
ing from wet mixed-wood stands dominated by cedar
to mesic upland hardwoods. Among the 13 speci-
mens with phorophyte data, including those from
Fundy National Park, seven were on Black Ash, three
on Trembling Aspen, and one each on Sugar Maple,
American Beech, and Balsam Poplar. The occur-
rences on ash were mostly on smooth bark of saplings
in openings in cedar swamp forests.

Specimens examined—Charlotte Co.: St. Croix
River, Clark Point PNA, ~0.5 to 1 km SE of point,
45.319°N, 67.442°W, 77 m, wet mixed forest dom-
inated by cedar, Red Maple, and Black Ash, with
scattered fir and Black Spruce, on young Black Ash,
27 May 2007, S.R. Clayden 17502 p.p. Gloucester
Co.: Jacquet River Gorge PNA, between Antinouri
Lake and Big Meadow, 47.771°N, 65.944°W, 215 m,
young moderately open forest dominated by Sugar
Maple, with scattered Paper Birch and White Spruce,
on stems of young Black Ash, 15 August 2010, S.R.
Clayden 21181. Kings Co.: Poley Mountain, ~11 km
SE of Sussex, 45.67588°N, 65.37412°W, 265 m, for-
est of Sugar Maple, beech, White Ash, hop-horn-
beam, Yellow Birch, and Paper Birch, on steep NE-
facing slope, on smooth bark of American Beech,



2023

branch from crown of recently fallen tree, 15 Novem-
ber 2013, S.R. Clayden 24337. Northumberland
Co.: Goodfellow Brook PNA, between Lake Brook
and Goodfellow Brook, ~16 km SSW of Miramichi,
46.896°N, 65.380°W, 35 m, wet mixed forest of Red
Maple, Black Ash, cedar, spruce, fir, Speckled Alder,
and Mountain Holly (/lex mucronata (L.) M. Powell,
V. Savolainen & S. Andrews), on Black Ash sapling,
23 May 2007, S.R. Clayden 16930; Nepisiguit PNA,
at confluence of unnamed creek and Little South
Branch Nepisiguit River, 47.3317°N, 66.6891°W,
riparian forest with Balsam Poplar, spruce, Paper
Birch, and fir, somewhat disturbed, on Balsam Poplar,
4 July 2015, K.E. Driscoll 1218. Restigouche Co.:
Berry Brook PNA, headwaters area of Berry Brook,
~8 km S of Saint-Arthur, 47.81414°N, 66.75800°W,
310 m, mesic to wet forest of cedar, fir, and Black
Spruce, with scattered Red Maple and Black Ash, on
dead branch of Black Ash, 5 November 2006, S.R.
Clayden 16703 p.p. York Co.: Eel River PNA, ~2 km
SW of Browns Mountain, N side of large open peat-
land, 45.89629°N, 67.64210°W, 143 m, wet, moder-
ately open forest of cedar and Tamarack, on Black
Ash, 3 August 2006, S.R. Clayden 15714 p.p.; N side
of Kellys Creek, ~1.7 km E of junction of Mazerolle
Settlement Road and Mountain Road, 45.8723°N,
66.8414°W, 75 m, thicket of Speckled Alder, Black
Ash, Red Maple, and Chokecherry (Prunus virgin-
iana L.) near brook, on Black Ash, 7 June 2008,
S.R. Clayden 18479 p.p., 18481 p.p., 18490 p.p.;
Spednic Lake Provincial Park, Boulderwalk Trail,
45.60709°N, 67.44422°W, 145 m, mesic hardwood
forest dominated by beech, Sugar Maple, and Yellow
Birch, on trunk of large Sugar Maple, 16 June 2018,
S.R. Clayden 27081.

Also known from Albert Co. (Gowan and Brodo
1988).

Rinodina populicola H. Magn. (Figure 4h)

New to New Brunswick. This species differs from
R. polyspora not only in its greater spore number per
ascus, smaller spore size, and lack of persistent api-
cal spore-wall thickenings, but also in the external
morphology of the thallus and apothecia (see above
and Figure 6¢). In one case (Clayden 18490), the two
species were found growing together on a branch of
Black Ash. The habit and colouration of the thalli
of R. populicola can resemble those of some other
Rinodina species, including R. pachysperma (Sheard
2010). Thus, field identification is not feasible.

Rinodina populicola is endemic to central and
eastern North America (Sheard 2018). Much like R.
pachysperma, it extends westward to the edge of the
forest/prairie transition in the centre of the continent.
East of the lower St. Lawrence River valley, it has
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been documented previously only from a few scat-
tered localities in Quebec and Maine (Sheard 2010).
The collections reported here date from 2008 to 2022
and are from four localities in south-central and
southwestern New Brunswick. Two were from can-
opy branches of poplars (Balsam Poplar, Trembling
Aspen), and all were in relatively humid settings near
waterbodies, a set of general habitat characteristics
that might guide future searches for this lichen in the
province and elsewhere in eastern Canada.

Specimens examined—York Co.: N side of Kel-
lys Creek, ~1.7 km E of junction of Mazerolle Set-
tlement Road and Mountain Road, 45.8723°N,
66.8414°W, 75 m, thicket of Speckled Alder, Black
Ash, Red Maple, and Chokecherry near brook, on
Black Ash, 7 June 2008, S.R. Clayden 18490 p.p.
(with R. polyspora); Spednic Lake PNA, Lower Pal-
frey Neck, 45.62548°N, 67.45639°W, mixed forest
of beech, Red Maple, hemlock, spruce, birch, and
poplar, on branch of Trembling Aspen fallen from
crown of tree, 24 June 2018, S.R. Clayden 27239; S
side of Wolastoq (Saint John River) at Island View,
45.95904°N, 66.82554°W, 10 m, forest of Red Ash,
Butternut, and Black Willow, on river bank, on trunk
of Red Ash, 23 May 2022, S.R. Clayden 28693 (with
R. pachysperma); French Village, Mactaquac Bio-
diversity Facility [Fish Hatchery], 45.95738°N,
66.84356°W, 10 m, line of tall Balsam Poplar along
road adjoining mowed fields, on branches of Balsam
Poplar from tree canopy, found on the ground, 25
September 2022, S.R. Clayden 28963.

Rinodina septentrionalis Malme (Figure 4b)

New to New Brunswick. This species is closely
related to R. freyi (Nadyeina et al. 2010; Sheard
2010; Kondratyuk et al. 2021), differing in its more
dispersed apothecia that are often more narrowly
attached at maturity, and by its smaller, more convex,
and likewise more dispersed areoles. There may also
be a slight difference in mean ascospore size between
the two species, at least in North American popula-
tions: “16.0-16.5 x ca. 8.0 um” in R. septentriona-
lis, versus “15.0-15.5 x 7.5 pm” in R. freyi (Sheard
2018: 407). In the single specimen of R. septentriona-
lis reported here, the ascospores are (14.0-)15.1-17.9
(-20.0) % (7.0-)7.3-8.0(=8.5) um (n = 44). The mean
size is 16.5 x 7.6 um, versus 15.6 x 7.3 um in New
Brunswick collections of R. freyi (see above), consis-
tent with the difference noted by Sheard (2018).

The two species also differ ecologically and in
their geographical distributions. Rinodina septen-
trionalis occurs on relatively smooth portions of
tree branches, whereas R. freyi is mostly confined to
branch axils and leaf scars (Sheard 2010; Sheard et
al. 2017). Sheard (2010) suggested that this difference
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reflects more rapid drying of areas of smooth bark
than of axil and leaf-scar micro-niches. At the single
known locality in New Brunswick, R. septentriona-
lis was found on branches of Balsam Poplar together
with 4. pyracea, Caloplaca cerina (Hedw.) Th. Fr.,
Hypogymnia incurvoides Rass., Melanohalea septen-
trionalis (Lynge) O. Blanco et al., Parmelia sulcata
Taylor, Physcia aipolia (Ehrh. ex Humb.) Fiirnr., Sco-
liciosporum chlorococcum (Graewe ex Stenh.) Vézda,
and the calicioid fungus Phaeocalicium populneum
(Brond. ex Duby) A.F.W. Schmidt.

Rinodina septentrionalis has a more northerly
distribution than R. freyi, occurring in the boreal to
hemiarctic zones and their elevational counterparts
in North America and Eurasia. In North America, it
has been recorded widely in the western Cordillera,
from Alaska to Colorado, and eastward to Hudson
Bay, Lake Superior, and the Clay Belt region of west-
ern Quebec (Sheard 2010). The occurrence in north-
ern New Brunswick reported here extends its known
range castward by about 900 km. The locality is in
the bottom of a river valley in the Highlands ecore-
gion of the province, which has a strong representa-
tion of boreal plant communities and species (Loucks
1962a; Clayden 2000, 2010; Zelazny 2007). Although
the local elevation of the valley floor is only ~250 m,
species distributions in the area reflect the influence
of night-time cold-air drainage off adjoining slopes
during the growing season. The frost-free season is
shortest in valley-floor, lower-slope, and hilltop posi-
tions, the latter locally above ~550 m. These situa-
tions are accordingly dominated by boreal conifers,
whereas stands of temperate hardwoods are pres-
ent on the warmer mid-slopes. Similar topoclimatic
and associated vegetation gradients in northwestern
New Brunswick were elucidated in a classic study by
Loucks (1962b). It seems likely that R. septentriona-
lis is more frequent in valley-floor settings in north-
ern New Brunswick than the single record reported
here might suggest.

Specimen  examined—Northumberland Co.:
Nepisiguit PNA, Popple Depot, 47.39709°N,
66.51492°W, 250 m, edge of heathy forest of Black
Spruce and Jack Pine (Pinus banksiana Lambert),
with poplar, Paper Birch, and willow, adjoining a
cleared and levelled (bulldozed) area, on branches
of Balsam Poplar, 15 September 2015, S.R. Clayden
25620 (confirmed by J.W. Sheard).

Rinodina subminuta H. Magn. (syn. R. annulata
H. Magn. [Sheard 2010]; R. halei H. Magn. [Sheard
2010]; Figure 41)

Reported for New Brunswick by Gowan and
Brodo (1988) and Sheard (2010). Characterized by
its usually inconspicuous thallus, which is partly to
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largely within the bark substratum, or else superficial,
thin, and pale grey, green grey, or grey brown; apo-
thecia initially immersed in the thallus or substratum,
and remaining broadly attached, the discs often be-
coming eroded (Figure 6d); Physcia-type ascospores
(Figure 7b) measuring (15-)17.4-20.9(-24) x (7.5-)
8.7-10.5(-11.5) um (n = 88) in New Brunswick spec-
imens; and chemistry (K—, P—, containing zeorin
only).

Sheard (2010) noted that ascospores are scarce in
the apothecia of many specimens of R. subminuta,
possibly due to physical inhibition of ascus develop-
ment by dense gelatinization of the hymenium. While
we, too, observed this tendency, a specimen col-
lected in late winter (8 March 2021, Clayden 28457)
is an exception. This contains numerous well-devel-
oped mature asci and spores. The question thus arises
whether spore development and discharge in this spe-
cies are also distinctly seasonal, as they appear to be
in R. ascociscana.

This is the most common Rinodina species in New
Brunswick. It is widely distributed in eastern North
America, its range coinciding largely but not entirely
with that of Sugar Maple, the tree species on which
it has been recorded most frequently (Sheard 2010;
Brodo 2016). It is also common in mixed and broad-
leaf deciduous forests in temperate northeastern Asia
(Sheard et al. 2017; Galanina et al. 2021a). It is appar-
ently less frequent in the southern Appalachians (Len-
demer et al. 2014) than in the broad zone of Sugar
Maple-dominated forests extending from the Great
Lakes region to the Maritime provinces (Gowan
and Brodo 1988; Wong and Brodo 1992; Selva ef al.
2004; Harris 2015).

Among 89 specimens of R. subminuta from New
Brunswick that we examined for this study, 48 were
on Sugar Maple, 10 on Black Ash, nine on Yellow
Birch, five on White Elm, four on Balsam Poplar, two
each on Mountain Maple, American Beech, White
Ash, and Trembling Aspen, and one each on Striped
Maple, Red Maple, Butternut, Smith’s Willow (Salix
xsmithiana Willdenow), and American Mountain-
ash. We did not find R. subminuta on Eastern White
Cedar. Its apparent rarity on Red Maple and the lack
of records from Silver Maple also stand out. Although
most records are from forests, R. subminuta has also
been found in New Brunswick on open-grown trees
in fields and along roadsides in rural and suburban
settings.

The type of R. subminuta is a 19th-century spec-
imen collected by Edward Tuckerman in the White
Mountains of New Hampshire, reportedly on Acer
“saccharinum” (Magnusson 1947; Sheard 2010).
However, the substratum noted on the label of the
type specimen and isotypes (no. 88 in the exsiccata
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Reliquiae Tuckermanianae) is “Acer saccharinum
Wang.” The latter name was widely misapplied to
Sugar Maple in the 19th and early 20th centuries
before it emerged that Linnaeus had validly described
Silver Maple as A. saccharinum L. in 1753 in his Spe-
cies Plantarum (Shaw 1977). Thus, the type of R. sub-
minuta almost certainly originated from Sugar Maple,
not Silver Maple. These two maple species occur
in distinct environments, as noted above under R.
pachysperma: Sugar Maple on well drained, mostly
upland sites, and Silver Maple largely in season-
ally flooded bottomlands. The type specimen of R.
halei (= Rinodina subminuta [Sheard 2010]) is like-
wise from Sugar Maple (Magnusson 1953), not Sil-
ver Maple (Sheard 2010). These associations are con-
sistent with the frequency of R. subminuta on Sugar
Maple in eastern North America and with its apparent
absence on Silver Maple, at least in New Brunswick,
but possibly more widely.

Most records of R. subminuta in New Brunswick
are from the lower part of tree boles. We have not
found it on canopy branches in forests, although it
sometimes occurs on small, thin, shade-suppressed
hardwoods in the understorey of mature stands. Hinds
(1970) documented a similar vertical distribution of
R. subminuta (as R. annulata) on Balsam Poplar in
northern Michigan: it was present only near the tree
bases, not on smooth bark higher on the trunks. Tall
deciduous shrubs such as Hobblebush (Viburnum lan-
tanoides Michaux) and Beaked Hazel (Corylus cor-
nuta Marshall) are common in the understorey of
upland hardwood forests in New Brunswick, but we
have not found R. subminuta on these species.

There is a single unusual New Brunswick record
of R. subminuta (Clayden 24853) from American
Mountain-ash. The collection is from the trunk of a
dead tree that remained in a recently clearcut boreal
forest dominated by fir. Mountain-ash was not among
the phorophytes of North American specimens of R.
subminuta examined by Sheard (2010). However, it
occurs on mountain-ash in Japan and Russia (Sheard
et al. 2017; Galanina et al. 2021b). The occurrence in
New Brunswick is from an elevation higher than that
of the local topoclimatic limit of Sugar Maple. Mean
temperatures at a climate station (Upsalquitch Lake)
at a similar elevation (625 m) about 12 km northeast
of this occurrence are 15.9°C in July and —13.1°C
in January, with annual growing-degree-days (5°C
threshold) averaging 1204 (ECCC 2022). These val-
ues place the locality well within the (oro-)boreal
zone (Clayden 2010). Associated lichens on the tree
with R. subminuta included, e.g., Buellia disciformis
(Fr.) Mudd, Caloplaca borealis (Vain.) Poelt, Lobaria
pulmonaria (L.) Hoffm., and Nephroma resupinatum
(L.) Ach., an assemblage indicative of a relatively
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high bark pH.

Rinodina subminuta has also been found on moun-
tain-ash (Showy Mountain-ash [Sorbus decora (Sar-
gent) C.K. Schneider]) in subalpine (upper oroboreal)
fir-birch forest at ~900 m elevation on Mount Katah-
din in neighbouring Maine, USA (Hinds et al. 2009).
This occurrence and the record from montane north-
ern New Brunswick indicate that the potential range
of R. subminuta in northeastern North America is
greater than that of its main phorophyte, Sugar Maple.
However, it has not been recorded from the island of
Newfoundland, or north of the Gulf of Saint Law-
rence, where mountain-ash is a frequent component
of fir-dominated forests. Sugar Maple is absent from
Newfoundland, but outlying occurrences of a num-
ber of lichens characteristic of temperate deciduous
forests are known on the island (Ahti 1983; McCar-
thy et al. 2015).

Selected specimens examined—Albert Co.: Lewis
Mountain PNA, headwaters area of Turtle Creek,
45.8405°N, 64.8476°W, 345 m, old-growth hard-
wood forest dominated by Sugar Maple, beech, and
Yellow Birch, on trunk of White Ash, 5 July 2011,
S.R. Clayden 22308; Wilson Brook PNA, south
side of Wilson Brook, ~1.3 km W of Albert Mines
Road, 45.86034°N, 64.67532°W, 65 m, mixed forest
of fir, birch, and maple near base of N-facing gyp-
sum bluffs along brook, on stem of Mountain Maple,
21 September 2020, S.R. Clayden 28356. Carleton
Co.: 250 to 400 m N of Southern Carleton Elemen-
tary School at Bedell, 46.14965°N, 67.62825°W, 160
m, mature forest of Sugar Maple with high canopy
and rich understorey flora, on Sugar Maple, 7 May
2008, S.R. Clayden 18172. Charlotte Co.:; Pomeroy
Ridge, ~4.1 km NW of intersection of Route 735 and
Route 732, 45.3087°N, 67.4362°W, 65 m, moderately
open, wet forest of Red Maple, Black Ash, fir, Bal-
sam Poplar, Speckled Alder, and Common Winter-
berry (Ilex verticillata (L.) A. Gray), on Black Ash, 5
June 2008, K. E. Driscoll 166. Gloucester Co.: Bass
River PNA, south side of East Branch Bass River, just
W of Route 8, 47.4502°N, 65.524°W, 145 m, mature
forest of Sugar Maple, Yellow Birch, beech, Striped
Maple, and Beaked Hazel, on Sugar Maple, 27 May
1999, S.R. Clayden 9889. Kent Co.: Kouchibou-
guac National Park, N side of Black River, 1.4 km
W of Route 117, 46.8387°N, 65.0102°W, 10 m, ter-
race of river, with mixed forest of Red Maple, Sugar
Maple, fir, Black Spruce, Trembling Aspen, Yel-
low Birch, and scattered large dead White Elm, on
trunk of White Elm, 5 July 2001, S.R. Clayden 11059.
Kings Co.: McDermott Hill, ~5 km SE of Waterford,
45.65636°N, 65.31539°W, 330 m, old-growth hard-
wood forest dominated by Sugar Maple, Yellow Birch,
and beech, on Sugar Maple, 3 May 2005, S.R. Clayden
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13365. Madawaska Co.: Jalbert Brook, between for-
est road and First Lake, 47.647°N, 68.300°W, 230 m,
mature forest of fir, White Spruce, Black Ash, and
Mountain Maple, with a few large snags and small
living trees of White Elm, corticolous on White Elm,
23 June 2010, S.R. Clayden 20979. Northumberland
Co.: South of Chatham, along Lake Brook, tributary
of Black River, Black Ash swamp forest near edge
of marsh, on Black Ash, 26 August 1979, . Walker,
s.n. (H. Harries 79104); Mount Carleton Provincial
Park, off south side of Big Brook Trail, ~6.3 km from
Pine Point, 47.36°N, 66.84°W, mixed hardwood for-
est dominated by Sugar Maple and Yellow Birch,
corticolous on Yellow Birch, 1 August 1989, S.B.
Selva 4155; ~4.7 km NW of Popple Depot, height
of land just outside NE corner of Nepisiguit PNA,
47.41912°N, 66.56480°W, 680 m, clear-cut forest of
fir, Heart-leaved Birch, and American Mountain-ash,
on a hilltop, corticolous on trunk of dead mountain-
ash, 18 September 2014, S.R. Clayden 24853; Hells
Gate Hardwoods PNA, ~6.5 km ENE of Saint Marga-
rets, 46.9232°N, 65.1121°W, 40 m, mature hardwood
forest dominated by Sugar Maple, Red Maple, and
Yellow Birch, on trunk of Sugar Maple, 14 Septem-
ber 2019, S.R. Clayden 279984. Queens Co.: Grand
Lake PNA, just south of Route 105 at Trout Creek, 1
km SW of Jemseg, 45.82332°N, 66.12413°W, 5 m,
floodplain forest of Silver Maple and Red Ash, on
trunk of White Elm, 13 August 2014, S.R. Clayden
24691. Restigouche Co.: Jacquet River Gorge PNA,
upland between Winston Gulch and Cook Gulch,
near forest road, 47.74908°N, 66.11139°W, 285 m,
mixed mature forest of Sugar Maple, Yellow Birch,
and White Spruce, abundant on smooth bark of Yel-
low Birch, 24 June 2008, S.R. Clayden 18719; ibid.,
W side of Jacquet River, at mouth of Big Hole Brook,
47.825°N, 66.077°W, 50 m, forest of Balsam Pop-
lar, fir, and Black Ash on alluvial terrace next to
river, on trunk of Balsam Poplar, 14 May 2010, S.R.
Clayden 21330. Saint John Co.: City of Saint John,
Seaside Park, 45.24746°N, 66.08243°W, 45 m, lawn
with planted trees, on branch of Smith’s Willow, 18
October 2020, S.R. Clayden 28385; City of Saint
John, Red Head Road % mile before Mispec Point
Road, 45.250°N, 66.000°W, on roadside European
Elms [probably Scotch Elm (Ulmus glabra Hudson):
S.R.C. pers. obs.], 20 June 1975, H.R. Hinds 75-98
(det. J.W. Sheard); Westmorland Co.: 3 to 4 km N
of Cookville, on trunk of old elm trees in old field
area, 16 August 1977, H. Harries 77153. York Co.:
Between Williamstown and Lakeville, along NB
Trail, 46.37033°N, 67.67613°W, 125 m, forest of
Sugar Maple, Yellow Birch, beech, and fir, on Sugar
Maple, 4 August 2006, S.R. Clayden 15907; Odell
Park, 45.95428°N, 66.66842°W, 75 m, old mixed
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forest dominated by Sugar Maple, beech, hemlock,
and Yellow Birch, on thin branch of sapling of Ameri-
can Beech, 8 March 2021, S.R. Clayden 28457.

Rinodina subpariata (Nyl.) Zahlbr. (syn. Rinodina
degeliana Coppins [Resl et al. 2016; Sheard et al.
2017]; Figure 4j)

Reported for New Brunswick by Sheard (1995,
2010) and Resl ef al. (2016, inadvertently spelled R.
“subparieta’). Readily separable from the other two
sorediate Rinodina species occurring in the prov-
ince by its K+ yellow and P+ yellow thallus con-
taining atranorin. Rinodina efflorescens and R. wil-
leyi contain pannarin, not atranorin, and are K— and
P+ red orange; R. efflorescens additionally contains
secalonic acid A (soralia KC+ yellow orange). Both
R. subpariata and R. willeyi have lighter-coloured
thalli than R. efflorescens, in which the areoles usu-
ally have a brownish hue and are often distributed on
a darker brown very thin prothallus. Rinodina subpar-
iata and R. willeyi can usually be distinguished from
one another in the field by the colour of their soredia:
in R. subpariata they are persistently white, contrast-
ing with the light-grey corticate portions of the are-
oles, whereas in R. willeyi both areoles and soredia
are greyish. Well-developed thalli of R. subpariata
with upturned areole-margins can sometimes super-
ficially resemble the micro-squamulose lichen 7oens-
bergia leucococca (R. Sant.) Bendiksby & Timdal.
The light grey, marginally sorediate squamules of this
species are K+ and P+ yellow, but also C+ pink. It
contains alectorialic acid (not atranorin), and the thalli
turn pinkish over time in herbarium specimens (Tons-
berg 1992—as Hypocenomyce leucococca R. Sant.;
S.R.C. pers. obs.). These two species also differ eco-
logically. In New Brunswick, R. subpariata occurs
widely on a range of hardwood tree species, less fre-
quently on Eastern White Cedar (Cupressaceae), and
rarely on Balsam Fir and spruce (Pinaceae); 7. leu-
cococca is confined to pinaceous conifers and hard-
woods with comparably acidic bark and is so far
known only from the northern counties of the prov-
ince (S.R.C. and K.E.D. unpubl. data).

Apothecia are sparsely present in 14 of the 51 New
Brunswick specimens of R. subpariata that we exam-
ined. However, the ascospores are poorly developed
or overmature in most of this material, a finding con-
sistent with observations made by J.W. Sheard (Resl
et al. 2016; Sheard et al. 2017). In Clayden 283734,
the spores are (17-)18.2-22.1(-23) x (9-)9.3-10.7(—
11) pm, with a length/width ratio of (1.8-)1.9-2.2(—
2.4) (n = 12). The type specimen of R. subpariata,
from Japan, is fertile (with apothecia), but lacks sore-
dia (Resl et al. 2016; Sheard et al. 2017). Other such
thalli are known from high elevations in Japan, but
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Resl et al. (2016) showed that these are nested phy-
logenetically in a clade that also includes sorediate
thalli. We have not found fertile non-sorediate thalli
of R. subpariata in New Brunswick.

The North American and global distributions of R.
subpariata (including R. degeliana) are broadly sim-
ilar to those of R. efflorescens (Sheard 1995, 2010;
Lendemer ef al. 2014; Sheard et al. 2017; Galanina et
al. 2021b). In eastern North America, it occurs exten-
sively in the Appalachian—Great Lakes—Maritimes
region and was recently reported from Newfound-
land (Sheard 2018). A study of the molecular phy-
logenetic relationships of collections of R. subpar-
iata from several parts of its range in the Northern
Hemisphere showed that material from eastern North
America (including Clayden 24048 from New Bruns-
wick, cited below) groups most closely with collec-
tions from eastern Asia (Resl et al. 2016). Two other
clades, one including material from western Europe
and western North America, and the other western
North American specimens only, are possibly spe-
cies-level lineages, but on current evidence these are
distinguishable only by molecular characters (Resl et
al. 2016).

We have found R. subpariata throughout New
Brunswick in mesic hardwood and mixed forests, as
well as in wetter stands dominated by cedar. It occurs
on a wide range of hardwood trees, on Eastern White
Cedar, and rarely on Balsam Fir and spruce (“Picea
sp.”, S.B. Selva 4089 p.p. [NBM]). Among the spec-
imens we examined in which the phorophytes were
determined to species, nine were on Yellow Birch,
eight on Red Maple, seven on Sugar Maple, five on
Eastern White Cedar, three each on Striped Maple and
Mountain Maple, two each on Paper Birch, Ameri-
can Beech, White Ash, and Red Oak, and one each
on Balsam Fir, Butternut, Large-toothed Aspen (Pop-
ulus grandidentata Michaux), Trembling Aspen, and
American Mountain-ash.

Selected specimens examined—Albert Co.: Cale-
donia Gorge PNA, Crooked Creek valley, ~500 m
NW of mouth of Caledonia Brook, 45.7992°N,
64.7782°W, 185 m, mixed forest dominated by Red
Spruce and Yellow Birch, on steep slope, with scat-
tered large Large-toothed Aspen, on Large-toothed
Aspen, 2 July 2011, S.R. Clayden 22219. Charlotte
Co.: Grand Falls Flowage on St. Croix River, at end
of Route 725 NW of Upper Little Ridge, 45.278°N,
67.479°W, 80 m, mixed and hardwood forest dom-
inated by Red Spruce, hemlock, fir, Red Maple,
beech, and Yellow Birch, on trunk of Red Maple,
S.R. Clayden 21878; Campobello Island, Roos-
evelt Campobello International Park, along Fox Hill
Drive, 44.8544°N, 66.9453°W, wet spruce—fir woods
with scattered Red Maple and pockets of birch and
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mountain-ash, on birch, 25 September 2016, K.E.
Driscoll 1365. Kings Co.: Big Bluff, Rockville, SE
of Sussex Corner, 45.70014°N, 65.44115°W, 170 m,
forest of Sugar Maple, hop-hornbeam, and Red Oak,
at top of bluffs, on trunk of Eastern Hop-hornbeam,
28 June 2018, S.R. Clayden 27243. Madawaska Co.:
Gagné Brook, between forest road and Green River,
1.8 km south of First Lake, 47.608°N, 68.251°W, 225
m, forest of fir, White Spruce, Mountain Maple, and
Speckled Alder, along brook, on Mountain Maple,
23 June 2010, S.R. Clayden 20914. Northumber-
land Co.: Nepisiguit PNA, upland between West
Branch Portage Brook and headwaters of Pentland
Brook, 47.4392°N, 66.6222°W, 470 m, mature for-
est of Sugar Maple and Yellow Birch, with scattered
Heart-leaved Birch, fir, Red Spruce, and Red Maple,
on smooth bark of Yellow Birch, 15 August 2016,
S.R. Clayden 25930; Kennedy Lakes PNA, along
road from Route 108 to Pratts Camp, ~2 km NW of
Louis Lake, 46.86265°N, 66.62674°W, 505 m, forest
of Sugar Maple, Yellow Birch, and beech, abundant
on smooth bark of trunks of American Beech, 1 July
2019, S.R. Clayden 27851A4; Hells Gate Hardwoods
PNA, ~6.5 km ENE of Saint Margarets, 46.9232°N,
65.1121°W, 40 m, mature hardwood forest dominated
by Sugar Maple, Red Maple, and Yellow Birch, over
bark and lichens on trunk of Sugar Maple, 14 Sep-
tember 2019, S.R. Clayden 28018. Restigouche Co.:
Mount Carleton Provincial Park, along the William’s
Falls trail, 47.426°N, 66.883°W, mixed conifer forest,
corticolous on Eastern White Cedar, 17 August 1989,
S.B. Selva 4226 p.p. Sunbury Co.: Grand Lake PNA,
along forest road from Coy Road to East Branch Bal-
timore Stream, 45.96092°N, 66.12723°W, young
mixed forest of fir, Red Maple, and Paper Birch, with
scattered White Ash and hemlock, on trunk of White
Ash, S.R. Clayden 24048 (voucher for ITS sequence:
Resl et al. 2016). Westmorland Co.: near site of
Pink Rock wharf, coastal disturbance belt of forest,
on trunk of scaly-barked old Red Maple, November
1979, H. Harries 79206 (det. S.R. Clayden); Mount
View Road between Trans-Canada Hwy and brow
of hill, second growth forest with Red Sprucefir
tendency, on Red Maple, 29 March 1980, H. Har-
ries 80141 (det. S.R. Clayden). York Co.: N slope
of Crabbe Mountain, 46.12365°N, 67.09935°W, 280
m, mixed forest of Sugar Maple, Red Spruce, fir, Yel-
low Birch, Heart-leaved Birch, and beech, on smooth
bark of young Balsam Fir, 23 December 2016, S.R.
Clayden 26401; Fredericton, Odell Park, ~450 m
SSW of park lodge, 45.95354°N, 66.66621°W, 80 m,
old mixed forest dominated by maple, beech, birch,
and hemlock, on trunk of Butternut, 12 October 2018,
S.R. Clayden 27365.

Also reported from Kouchibouguac National Park
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in Kent Co. (Sheard 2010).

Rinodina tenuis Miill. Arg. (syn. Rinodina adiron-
dackii H. Magn. [Sheard et al. 2017]; Figure 4k)

New to New Brunswick and Atlantic Canada. Char-
acterized by its light-grey, thin but continuous thallus
containing pannarin (P+ red orange); apothecia ini-
tially immersed in the thallus and remaining broadly
attached (Figure 6f); and large Pachysporaria-type
ascospores measuring (24—-)26.3-31.0(-33) x (10.5-)
12.8-16.2(-19.0) um (n = 55) in New Brunswick
specimens. Magnusson (1947) described R. adiron-
dackii based on a specimen collected on Eastern
White Cedar in the Adirondack Mountains of north-
ern New York state. Under this name, it was consid-
ered until recently to be endemic to the Appalachian—
Great Lakes region (Sheard 2010; Lendemer et al.
2014).

Detailed studies of Rinodina in northeastern Asia
led Sheard et al. (2017) to conclude that R. adirondackii
is a synonym of R. tenuis, described from Japan by J.
Miiller Argoviensis in 1892. The two taxa are similar
morphologically and both produce pannarin. However,
specimens from Asia have longer spores: “(27.0-)
32.0-35.5(-39.0) x (12.5-) 14.5-17.0(-18.5) um (n =
63)” [mean 33.8 x 15.8 pm] (Sheard et al. 2017:
659), versus “(21.5-)28.0-30.0(-36.5) x (9.0-)14.0—
16.0(=20.5) um” [mean 29.0 x 15.0 um; » unknown]
in North American specimens reported as R. adiron-
dackii (Sheard 2010: 35). Sheard et al. (2017) sug-
gested that this size-difference might be related to a
difference in spore number per ascus. In Asian spec-
imens, the asci sometimes contain four rather than
eight spores (Sheard et al. 2017), whereas only eight-
spored asci have been noted in North American speci-
mens (Sheard 2010; our study). Spore size in the sam-
ple from New Brunswick (mean 28.7 x 14.5 um; n
= 55) is consistent with other North American mate-
rial, and smaller than in collections of R. tenuis from
Japan and the Russian Far East. Molecular evidence
is needed to better assess the relationship of these
widely disjunct populations. Rinodina tenuis has also
been reported recently from the Western Caucasus re-
gion of southern Russia (Urbanavichus et al. 2020),
an area known for disjunct occurrences of otherwise
castern North American—eastern Asian lichens (Otte
2004).

In New Brunswick and elsewhere in the north-
ern part of its range in North America, R. fenuis has
a striking fidelity to Eastern White Cedar as a pho-
rophyte. All known occurrences in the province (14
localities documented by 18 specimens) are on this
tree species. We and others have also found R. tenuis
in swamp forests dominated by cedar in adjacent
northern Maine and Gaspésie, Quebec (Lendemer
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et al. 2014; SR.C., K.E.D., and S.B. Selva unpubl.
data). It is typically present as scattered discrete thalli
on tree trunks or on living or dead, corticate or decor-
ticate, lower branches (Figure 2b). The occurrences
in New Brunswick are in mature stands on wet sites
at elevations ranging from 35 m to 275 m, especially
on terraces near streams or rivers, but also on N- to
NE-facing seepage slopes. Eastern White Cedar often
hosts a species-rich assemblage of lichens in these
settings, commonly including cyanolichens. Among
the latter, Fuscopannaria leucosticta (Tuck.) P.M.
Jorg., like R. tenuis, is strongly associated with cedar
in New Brunswick (Haughian ef al. 2018).

Records of R. tenuis posted on the website of
the Consortium of Lichen Herbaria (2023) indicate
that the known occurrences of R. fenuis in Quebec,
Ontario, Maine, and the Great Lakes states are, like-
wise, mostly on Eastern White Cedar, with only a few
on Balsam Fir, Tamarack, and hemlock. In the cen-
tral and southern Appalachians, where Eastern White
Cedar is very sporadically distributed or lacking, it
occurs on hardwoods, especially oak (Quercus L.)
species (Lendemer et al. 2014). The single collection
reported from the Russian Caucasus by Urbanavichus
et al. (2020) was on Oriental Beech (Fagus orienta-
lis Lipsky).

The number and distribution of collections of R.
tenuis reported here might suggest that it is a common
species in New Brunswick. However, our findings
reflect the emphasis we placed on locating and sur-
veying old wet cedar forests. It appears that R. tenuis
is infrequent throughout its range in North Amer-
ica (Sheard 2010; Lendemer et al. 2014) and that its
extent of occurrence may have declined. The only
record for Ontario is a specimen collected on East-
ern White Cedar by R.F. Cain near Lake Temagami in
1945 (Sheard 2010; Consortium of Lichen Herbaria
2023). In Quebec, the only record outside Gaspésie
is from Lac Clair near Quebec City, where it was col-
lected on an unspecified substratum by W.G. Farlow
in 1888 (Sheard 2010; Consortium of Lichen Her-
baria 2023).

Specimens examined (all on Eastern White Ce-
dar)—Charlotte Co.: Clark Point PNA, St. Croix
River, ~0.5 to 1 km SE of Clark Point, NE of Clark
Ridge, 45.32036°N, 67.43995°W, 70 m, wet mixed
forest dominated by cedar, Red Maple, and Black
Ash, with scattered fir and Black Spruce, 25 August
2006, S.R. Clayden 16155, Pennfield Parish, W and
south of small lake at head of unnamed tributary of
Love Lake Brook, 45.205°N, 66.635°W, 80 m, wet to
mesic forest of cedar along brook, 16 April 2011, S.R.
Clayden 21754. Kent Co.: Route 11, ~7 km south
of Rexton, dense cedar forest along stream, 1 Sep-
tember 1979, H. Harries 79364 (det. S.R. Clayden).
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Madawaska Co.: “Black Brook District” of J.D.
Irving Ltd., Little Beaver Brook, ~4.8 km NNW
of confluence with Beaver Brook, 47.2423°N,
67.7003°W, 265 m, wet to mesic forest of cedar, with
scattered Black Spruce and fir, along terrace adjoin-
ing brook, 29 August 2008, S.R. Clayden 19073,
19122. Northumberland Co.: Goodfellow Brook
PNA, ~2 km E of Weldfield-Collette Road, 13 km
W of Saint Margarets, 46.8991°N, 65.3666°W, 35 m,
mature wet forest of cedar, fir, spruce, and Red Ma-
ple, with scattered Eastern White Pine and hemlock,
16 September 2019, S.R. Clayden 28062; Kennedy
Lakes PNA, S side of North Branch Renous River,
250 m NW of mouth of Quigley Brook, 46.80440°N,
66.35524°W, 205 m, forest of Yellow Birch, Red Ma-
ple, fir, and cedar on NE-facing slope and terrace
next to river, 13 August 2022, S.R. Clayden 28748.
Queens Co.: Grand Lake PNA, SE of forest road,
1.6 km E of point where Coy Road crosses Baltimore
Stream, 45.9641°N, 66.1209°W, swampy open for-
est of Black Spruce, cedar, and Red Maple, 13 June
2013, S.R. Clayden 23880. Restigouche Co.: Mount
Carleton Provincial Park, N side of Nepisiguit Lakes
Road near its junction with Little Tobique Road, just
E of Little Tobique River, 47.425°N, 66.933°W, cedar
swamp with moderate amount of spruce, 23 August
1989, S.B. Selva 4256, 42634; Little Tobique River,
1 to 1.5 km NE of mouth of Red Brook, 47.44485°N,
67.06620°W, 232 m, mesic to wet forest dominated
by cedar and fir, on river terrace, 13 June 2006, S.R.
Clayden 151614, 15162; Berry Brook PNA, head-
waters of Berry Brook, ~8 km S of Saint-Arthur,
47.8177°N, 66.7561°W, 275 m, mesic to wet forest
of cedar, fir, and Black Spruce, with scattered Red
Maple and Black Ash, 14 June 2006, S.R. Clayden
15285; Jacquet River Gorge PNA, ~300 m W of
Doyles Meadow, 47.816°N, 66.007°W, 184 m, ma-
ture wet forest of cedar, with scattered Black Spruce,
fir, Black Ash, Red Maple, and Speckled Alder, 12
August 2010, S.R. Clayden 21110, ibid., S side of An-
tinouri Lake Brook, 47.8205°N, 66.0137°W, 180 m,
old, mainly coniferous forest of cedar, fir, and Black
Spruce, on N-facing slope toward brook, 16 Au-
gust 2010, S.R. Clayden 21283. York Co.: Eel River
PNA, ~1.5 km S of Browns Mountain, 7 km W of
Hartin Settlement, 45.89725°N, 67.62759°W, 150 m,
small patch of wet, mature, but disturbed cedar for-
est in a hollow traversed by a forest road, 13 May
2006, S.R. Clayden 14480; Spednic Lake PNA, ~1.5
km NE of McAllister Cove, 45.6679°N, 67.6548°W,
wet mixed wood forest (cedar, fir, ash, maple), 14 Au-
gust 2017, S.R. Haughian 20170814.13; ibid., be-
tween South Branch Mosquito Brook and McAllis-
ter Brook, 45.6667°N, 67.6541°W, 150 m, swampy
forest of Red Maple, cedar, Speckled Alder, Black
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Spruce, and scattered Black Ash, 14 August 2017,
S.R. Clayden 26728.

Rinodina tephraspis (Tuck.) Herre (Figure 4e)

New to New Brunswick. Characterized by its sax-
icolous, grey to brown, areolate thallus (Figure 6e);
broadly to narrowly attached apothecia with a per-
sistent thalline margin; Teichophila-type ascospores
with lumina varying from angular to rounded during
development; and chemistry (zeorin present, atrano-
rin lacking). The spores in New Brunswick specimens
are (16.0-)18.2-23.5(-26.0) x (7.5-)9.0-12.1(-14.0)
um (n = 59). Rinodina tephraspis often contains
5-O-methylhiascic acid (+ lecanoric acid) in addition
to zeorin (Sheard 2010). However, four New Bruns-
wick specimens (Clayden 24666, 26829; two thalli,
28403) that we examined with TLC contained only
zeorin. A specimen of R. tephraspis from Pennsylva-
nia (Lendemer 11843 [NBM]) containing both zeo-
rin and 5-O-methylhiascic acid was used as a control.

The occurrences reported here, from scattered
locations throughout New Brunswick, are apparently
the first modern records of this species from Atlantic
Canada. It was previously known in the region only
from collections made by A.C. Waghorne in 1897
in the Bay of Islands area of western Newfoundland
(Sheard 2010). A report (as R. arenaria) from Fundy
National Park, New Brunswick (Gowan and Brodo
1988), is referable to R. moziana, as noted above.
Rinodina tephrasis is a common species elsewhere
in temperate eastern North America (Sheard 2010;
Lendemer et al. 2014). It also occurs in Europe and
neighbouring areas of Russia and the Caucasus region
(Mayrhofer and Moberg 2002), and it was recently
reported from Korea (Yakovchenko ef al. 2018).

The substrata of the occurrences in New Bruns-
wick include a range of hard, siliceous, sedimentary
and metamorphic rocks. At five of the six sites, the
rocks are subject to occasional immersion or splash-
ing (Figure 2c). At the other site, in a mesic hardwood
forest, R. tephraspis was found on a rock face with a
northeast aspect and that appeared to be affected by
seepage. A specimen from flat sandstone ledges on a
well-lit open lakeshore has a brown hue. Those from
shaded sites are light greenish-grey. There is wide
variation in the form and density of areoles in the
thalli (Figure 6e), with contrasting individuals some-
times occurring side by side.

Rinodina oxydata, like R. tephraspis, occurs on
moist siliceous rocks, and the two species have gener-
ally similar distributions in the eastern North Ameri-
can portions of their ranges. However, R. oxydata has
not yet been found in New Brunswick or the other
Maritime provinces (see above under R. moziana).
In contrast to R. tephraspis, both R. moziana and R.
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oxydata contain atranorin and lack zeorin.
Specimens examined—Charlotte Co.: NW-fac-
ing bank of Lepreau River at Lepreau Falls,
45.16936°N, 66.46262°W, 15 m, edge of forest of
Red Spruce, fir, and cedar, at top of waterfall, on
humid shaded rock, 4 August 2022, S.R. Clayden
28723. Gloucester Co.: Tetagouche Falls, N-facing
riverbank below falls, 47.6182°N, 65.8244°W (UTM
zone 20T, 287768 m E, 5277729 m N), on shale rock,
1 August 2015, F. Anderson, s.n. (det. S.R. Clayden).
Restigouche Co.: Jacquet River Gorge PNA, south
side of Antinouri Lake Brook, 47.820°N, 66.014°W,
160 m, brook bed and N-facing slope above brook with
old, mainly coniferous forest of cedar, fir, and spruce,
on shaded vertical HCl-rock, ~1 m above water level
of brook, 16 August 2010, S.R. Clayden 21251 (det. J.
W. Sheard). Sunbury Co.: Portobello Creek National
Wildlife Area, French Island, NE shore, opposite
Sand Point, 45.92461°N, 66.30010°W, 5 m, lakeshore
with sandstone ledges and mixed conifer—hardwood
forest, abundant on sandstone, 12 August 2014, S.R.
Clayden 24666 & K.E. Driscoll. York Co.: Spednic
Lake PNA, along Bolton Brook between Big Dead-
water and Silas Cove, 45.66120°N, 67.51585°W, 120
m, bouldery brook and adjoining forest dominated by
Yellow Birch, frequent on granitic boulders in brook,
just above zone with Dermatocarpon luridum (With.)
J.R. Laundon and lonaspis lacustris (With.) Lutzoni,
18 August 2017, S.R. Clayden 26829; Fredericton,
Odell Park, 45.95381°N, 66.66634°W, 75 m, mature
hardwood forest dominated by Sugar Maple, beech,
and Yellow Birch, with 1-3 m high sandstone out-
crops, on rock, 27 October 2020, S.R. Clayden 28403.

Rinodina willeyi Sheard & Giralt (Figure 41)
Reported for New Brunswick by Sheard (1995,
2010) as R. willeyii, based on collections made
by Emmanuél Sérusiaux in 1988 in or near Fundy
National Park, in Albert and Saint John Counties. The
spelling of the epithet was modified by Sheard et al.
(2012) to willeyi from the originally published wil-
leyii. This species resembles R. buckii and R. efflore-
scens in having a sorediate thallus containing panna-
rin and zeorin. The soralia of R. efflorescens contain
secalonic acid A (KC+ yellow orange), which is lack-
ing in R. buckii and R. willeyi. Rinodina buckii is
not yet known from New Brunswick or elsewhere in
Canada, but it has been reported from neighbouring
southeastern Maine (Sheard et al. 2012; Seaward et
al. 2017). It has coarser soredia and more convex are-
oles than R. willeyi—see the key to species, above,
and the detailed comparison and illustrations of these
species in Sheard et al. (2012). Rinodina buckii and
R. willeyi also differ in ascospore morphology but
are usually sterile. Of 30 specimens of R. willeyi that
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we have examined from 19 localities in New Bruns-
wick, seven have apothecia, with Pachysporaria-type
spores measuring (17.5-)20.0-25.5(-28.0) x (9.0-)
10.3-13.9(-17.0) um (n = 37).

Our field and herbarium studies indicate that sore-
dium development in R. willeyi is often more exten-
sive than has been reported previously. Thalli with
thin plane areoles forming soredia at their margins are
found mainly on bark, but also on blackened senes-
cent lobes of Parmelia. The thalli often spread from
bark onto neighbouring bryophytes, especially the liv-
erwort Frullania eboracensis Lehm. and small pleuro-
carpous mosses. They may then become largely sore-
diate, obscuring the originally corticate areoles (Figure
6b). In the field, such thalli often have a distinctive
minutely grey-and-white speckled appearance.

When it was first described in 1995, R. willeyi
was known globally from fewer than 10 localities in
the southern Appalachians and northeastern coastal
region of eastern North America, including the two in
New Brunswick noted above (Sheard 1995). It is now
known to occur more widely in the Appalachian and
Great Lakes regions (Lendemer et al. 2014), north-
castern Asia (Sheard et al. 2017), the Western Cau-
casus region of Russia (Urbanavichus et al. 2020),
and Alaska (McCune et al. 2018). In New Brunswick,
it is locally frequent throughout the province. How-
ever, it appears to be restricted to mature hardwood
(Figure 2d) and mixed forests on relatively base-rich
soils in mesic to wet sites. It occurs up to the eleva-
tional limit of hardwood forests dominated by Sugar
Maple. Among the specimens we examined, 15 were
on Sugar Maple, five each on Yellow Birch and East-
ern White Cedar, two on Black Ash, and one each on
White Ash, Eastern Hop-hornbeam, and Red Oak.

Rinodina willeyi is likewise an old-forest species
in Nova Scotia, where it has been recorded on Red
Maple, Sugar Maple, and Yellow Birch (McMullin et
al. 2008, 2018).

Also known from Colchester Co., Nova Sco-
tia: Economy River Wilderness Area, 45.522°N,
63.940°W, 230 m, N end and NE side of Simpson
Lake, forest of Sugar Maple, Yellow Birch, and beech,
on SW-facing slope above lake, on Sugar Maple, 17
May 2004, S.R. Clayden 12624). The only other pub-
lished Canadian record of R. willeyi is a mapped
occurrence in southern Ontario (Lendemer et al.
2014), based on collections made on Eastern White
Cedar in an old-growth swamp forest (J.C. Lendemer
28234, 28286 & R.E. Lee [NY]; not seen by us).

Selected specimens examined—Albert Co.: Fun-
dy National Park, East Branch Trail, 45.6369°N,
65.1176°W, 350 m, mature mixed forest dominated
by Yellow Birch, Sugar Maple, and Red Spruce, cor-
ticolous and bryocolous on trunk of Sugar Maple, 15
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October 2021, S.R. Clayden 28621. Charlotte Co.:
Campobello Island, Roosevelt Campobello Interna-
tional Park, along Fox Hill Drive, ~2 km W of Lib-
erty Point Drive, at base of Fox Hill, 44.8534°N,
66.9530°W, mature forest dominated by Yellow Birch,
on bark and senescent thalli of Parmelia on trunk
of Yellow Birch, 25 September 2016, S.R. Clayden
26297. Gloucester Co.: N side of Lambert Barren,
~7.5 km SW of Pokeshaw, S side of Pokeshaw Riv-
er, 47.7238°N, 65.2994°W, 55 m, wet to mesic forest
of cedar, Black Spruce, and Red Maple, overgrow-
ing Frullania and lichens on upper side of leaning
Eastern White Cedar, 7 October 2007, S.R. Clayden
18161. Kings Co.: McDermott Hill, ~5 km SE of Wa-
terford, 45.65636°N, 65.31539°W, 330 m, old-growth
hardwood forest dominated by Sugar Maple, Yellow
Birch, and beech, on Sugar Maple, 3 May 2005, S.R.
Clayden 13368; Big Bluff, Rockville, SE of Sussex
Corner, 45.7001°N, 65.4412°W, 170 m, forest of
Sugar Maple, hop-hornbeam, and Red Oak, at top of
bluffs, corticolous on trunk of Eastern Hop-hornbeam,
28 June 2018, S.R. Clayden 27242; ibid., on trunk of
Red Oak, S.R. Clayden 27243 p.p. (with R. subpari-
ata). Madawaska Co.: Jalbert Brook, between forest
road and First Lake, 47.647°N, 68.300°W, 230 m, ma-
ture forest of fir, White Spruce, Black Ash, and Moun-
tain Maple, on rich alluvial soil near stream, bryoco-
lous and corticolous on Black Ash, 23 June 2010, S.R.
Clayden 20969. Northumberland Co.: Mount Car-
leton Provincial Park, off the S side of the Big Brook
Trail, ~6.3 km from Pine Point, 47.36°N, 66.84°W,
mixed hardwood forest dominated by Sugar Maple
and Yellow Birch, corticolous on Yellow Birch, 1
August 1989, S.B. Selva 4156B (det. S.R. Clayden)
Nepisiguit PNA, E-facing slope in headwaters area
of Pentland Brook, 47.43056°N, 66.62753°W, 510
m, mature moderately open hardwood forest domi-
nated by Sugar Maple and Yellow Birch, with scat-
tered fir and spruce, on trunk of Sugar Maple, 15 Au-
gust 2016, S.R. Clayden 25971. Saint John Co.: City
of Saint John, Lorneville, W of King William Road,
45.1895°N, 66.1860°W, 60 m, moderately open stand
of Yellow Birch and Heart-leaved Birch on S-fac-
ing slope, with scattered fir, on bark and overgrow-
ing Frullania on trunk of Yellow Birch, 9 December
2020, S.R. Clayden 28427. Westmorland Co.: ~600
m N of intersection of Lower Walker Road and King
Street, NW of Sackville, 45.9381°N, 64.4635°W,
155 m, mature hardwood forest dominated by Sug-
ar Maple and Yellow Birch, on trunk of Sugar Maple,
7 November 2019, S.R. Clayden 28144. York Co.:
Spednic Lake PNA, near South Branch Mosquito
Brook, ~1.5 km W of Musquash Lake, 45.69094°N,
67.67171°W, 140 m, mesic to wet coniferous forest
dominated by cedar and fir, with scattered hemlock,
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on top of trunk of tipped-up Eastern White Cedar, 14
August 2017, S.R. Clayden 26752.

Discussion

Comparisons of the diversity and relative abun-
dance of Rinodina species in New Brunswick and
other areas of northeastern North America are lim-
ited by the unevenness of survey efforts and report-
ing. For example, only six species have been reported
for Nova Scotia (McMullin et al. 2008, 2018; Sheard
2010), a number that is bound to grow with further
study. The presence of 15 species in New Brunswick
is consistent with the species richness recorded in
several states of the northeastern USA: 13 species in
Maine (Sheard 2010; Sheard et al. 2012), 18 in Mas-
sachusetts (Sheard 2010, 2018), and 17 in New York
(Sheard 2010). Fifteen Rinodina species are known in
the 7850 km? Ottawa region of southern Ontario and
Quebec, where the lichen biota has been intensively
explored over many years (Brodo et al. 2021a,b).
Only two of the species reported here for New Bruns-
wick, R. cinereovirens and R. septentrionalis, have
not been found in any of the northeastern states or in
the Ottawa region. Both of these species have boreal
distributions.

In a broader context, the set of Rinodina species
occurring in New Brunswick illustrates long-known
similarities between the temperate biotas of eastern
North America and eastern Asia. The biogeographic
relationships of these two regions have been exam-
ined most intensively in their vascular plant floras
(Wen 1999), but patterns of disjunction are also
present in other major taxonomic groups, includ-
ing lichens (e.g., Lendemer et al. 2014; Sheard et al.
2017). Thirteen of the 15 species of Rinodina found in
New Brunswick, including the widely disjunct R. asc-
ociscana, R. subminuta, R. tenuis, and R. willeyi, also
occur in northeastern Asia (Sheard et al. 2017). In
contrast, New Brunswick shares only three Rinodina
species with the British Isles (Cannon et al. 2022),
eight with Fennoscandia (Mayrhofer and Moberg
2002), and eight with British Columbia and Alaska
(Sheard 2010, 2018). No Rinodina species with dis-
tinctly oceanic distributions are known in eastern
North America, although several (e.g., Rinodina dis-
Jjuncta Sheard & Tensberg, Rinodina stictica Sheard
& Tensberg) occur in the more highly oceanic cli-
mates of western North America and western Europe
(Sheard 2000; Mayrhofer and Moberg 2002).

Abundant fossil and molecular evidence indicate
that disjunct eastern North American—eastern Asian
distributions in vascular plants have had multiple ori-
gins from the Paleocene to the Pleistocene (Wen et al.
2010). A scenario of southward displacement and dis-
ruption of formerly more continuous higher-latitude
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ranges by long-term cooling, mountain building, and
changes in precipitation regimes is broadly supported
by this evidence. However, long-distance dispersal
may also underliec some species-level disjunctions
and contribute to ongoing gene flow among widely
separated populations occupying climatically similar
niches (e.g., Xiang et al. 2015).

Among lichens, only a few studies have so far
brought molecular evidence to bear on the origin and
timing of eastern North American—eastern Asian dis-
junctions (Spribille 2011; Hoffman 2022). Resl et
al. (2016) found that ITS sequences of specimens of
R. subpariata from these two regions are more sim-
ilar to one another than to sequences from western
North American and western European specimens.
However, the apparent lack of geographic structure
in the eastern North American—eastern Asian clade
was inferred by Sheard et al. (2017) to be suggestive
of active gene flow via long-distance dispersal. Sam-
pling of a wider range of localities, individuals, and
DNA loci are needed to test this hypothesis.

Among the disjunct Asian(—Caucasian)-Ameri-
can Rinodina species represented in New Brunswick,
R. tenuis may be an especially interesting candidate
for phylogeographic analysis. Its American and Asian
populations appear to have somewhat differentiated
ascospore sizes, and the strong association of north-
ern North American occurrences with Eastern White
Cedar invites closer study. As recently as two mil-
lion years ago, the range of this fossil tree species
(Thuja occidentalis, the same as the modern species)
extended to northernmost Greenland (Bennike and
Bocher 1990), where it formed part of an open boreal-
forest-like community (Kjaer et al. 2022). Although
this community lacks any modern analogue, it seems
likely that suitable contemporary niches for R. tenuis
on Eastern White Cedar existed far north of its pres-
ent range. The genus Thuja itself is disjunct between
eastern Asia and eastern and western North America,
with no fossil or other record of it having occurred in
Europe at any time from the Paleocene to the pres-
ent (Cui et al. 2015; Li et al. 2022). The three species
of Thuja occurring in eastern Asia have extremely
restricted distributions (Li et al. 2022), and none has
been reported as a phorophyte of any Rinodina spe-
cies (Sheard et al. 2017). However, in contrast to the
relatively narrow phorophyte specificity of R. fenuis
in North America, in the Russian Far East and Japan
it occurs on a wide range of trees, including spe-
cies of Abies, Alnus, Betula, Picea, Prunus L., Quer-
cus, Salix, Sorbus, and Ulmus (Sheard et al. 2017;
Galanina and Ezhkin 2019; Galanina et al. 2021a;
note the east Asian species in these genera are all dif-
ferent from those occurring in Canada).

Although our study was not designed to critically
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assess the phorophyte specificity of Rinodina spe-
cies in New Brunswick, the pooled collections data
highlight a number of associations, besides that of
R. tenuis with Eastern White Cedar (Figure 3). Our
findings are largely in agreement with other reports
on the phorophytes of these species in North Amer-
ica (e.g., Gowan and Brodo 1988; Wong and Brodo
1992; Sheard 2010; Lendemer et al. 2014; Harris
2015), but we provide new or more extensive region-
specific data on species that were either unknown or
poorly documented previously in New Brunswick
and the Maritime provinces. For example, the three
sorediate species, R. efflorescens, R. subpariata, and
R. willeyi, appear to be distributed among broadly
overlapping but differentiated sets of tree species,
possibly reflecting in part a gradient of bark acidity.
Conversely, the two most common maple species in
the province, Red Maple and Sugar Maple, are shown
to have more distinct complements of Rinodina spe-
cies than documented in earlier studies. The associa-
tion of R. pachysperma with Silver Maple and other
hardwoods in floodplain forests, and its absence or
rarity in mesic upland stands, appears to be a novel
finding. On the other hand, the general rarity of Rino-
dina on pinaceous conifers and other strongly acidic,
nutrient-poor substrata is characteristic of the genus
as represented in New Brunswick. Its association with
relatively base-rich habitats is not limited to the cor-
ticolous species. The three saxicolous Rinodina spe-
cies known in the province occur on siliceous rocks,
but their habitats are enriched to varying degrees by
periodic immersion, wave splash, seepage, or guano
deposition.

Despite these generalizations, we are aware of the
limitations of our local observations. It is well known
that the substratum specificity of corticolous lichens
varies along climate and vegetation gradients (e.g.,
Hale 1955; Brodo 1973; Schmitt and Slack 1990;
Ellis 2012). It was beyond the scope of our study to
investigate the complex interacting factors contrib-
uting to variation in the diversity and abundance of
Rinodina species on different phorophytes. Instead,
we present basic descriptions of the ecological and
geographical distributions of these and the saxicolous
Rinodina species with the aim of encouraging further
exploration and more specialized studies.
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thy (Jesuits of Canada; Research Associate, NBM) for
sharing unpublished data on Newfoundland lichens.
Permits for our field work in PNAs were helpfully
arranged by Maryse Bourgeois, Heather Loomer, and
Maureen Toner (NBDNRED). Our field work and the
curation and databasing of collections at the NBM
have been supported by the New Brunswick Wild-
life Trust Fund and the New Brunswick Environmen-
tal Trust Fund. S.R.C. gratefully acknowledges the
continuing support of the NBM for his activities as a
research associate and emeritus curator.

CLAYDEN ET AL.: RINODINA IN NEW BRUNSWICK 59

Literature Cited

Ahti, T. 1983. Lichens. Pages 319-360 in Biogeography and
Ecology of the Island of Newfoundland. Edited by G.R.
South. Dr W. Junk Publishers, The Hague, Netherlands.

Arnold, F. 1899. Lichenologische Fragmente. 36 (Fortset-
zung). Osterreichische Botanische Zeitschrift 49: 146—
149.

Belland, R.J. 1981. Ecology and phytogeography of the
mosses of the Bonne Bay region, western Newfound-
land. M.Sc. thesis, Memorial University of Newfound-
land, St. John’s, Newfoundland and Labrador, Canada.

Belland, R.J., and G.R. Brassard. 1981. New or additional
moss records from Newfoundland. VII. Bryologist 84:
560-563. https://doi.org/10.2307/3242569

Bennike, O., and J. Bocher. 1990. Forest-tundra neigh-
bouring the North Pole: plant and insect remains from
the Plio-Pleistocene Kap Kebenhavn Formation, North
Greenland. Arctic 40: 331-338.

Blaney, C.S. 2000. Botanical fieldwork results from New
Brunswick and Nova Scotia peatlands. Unpublished re-
port. Atlantic Canada Conservation Data Centre, Sack-
ville, New Brunswick, Canada.

Brinker, S.R. 2020. Contributions to the Ontario flora of li-
chens and allied fungi, with emphasis on the Great Lakes
Basin. Opuscula Philolichenum 19: 58-157.

Brodo, I.M. 1968. The lichens of Long Island, New York: a
vegetational and floristic analysis. New York State Mu-
seum and Science Service Bulletin 410: 1-330.

Brodo, I.M. 1973. Substrate ecology. Pages 401-441 in The
Lichens. Edited by V. Ahmadjian and M.E. Hale. Aca-
demic Press, New York, New York, USA.

Brodo, .M. 2016. Keys to Lichens of North America: Re-
vised and Expanded. Yale University Press, New Haven,
Connecticut, USA.

Brodo, I.M., R.E. Lee, C. Freebury, P.Y. Wong, C.J.
Lewis, and R.T. McMullin. 2021a. Additions to the li-
chens, allied fungi, and lichenicolous fungi of the Ot-
tawa region in Ontario and Quebec, with reflections on
a changing biota. Canadian Field-Naturalist 135: 1-27.
https://doi.org/10.22621/cfn.v135i1.2557

Brodo, I.M., R.E. Lee, C. Freebury, P.Y. Wong, C.J.
Lewis, and R.T. McMullin. 2021b. Lichens, allied
fungi, and lichenicolous fungi of the Ottawa region in
Ontario and Quebec — a checklist. Ottawa Field-Natu-
ralists’ Club. Accessed 17 June 2022. https://ofnc.ca/
wp-content/uploads/2021/02/Lichens-of-the-Ottawa-
Region-revised-2021-02-28.pdf.

Brodo, I.M., S.D. Sharnoff, and S. Sharnoff. 2001. Li-
chens of North America. Yale University Press, New Ha-
ven, Connecticut, USA.

Brouillet, L., P. Desmet, F. Coursol, S.J. Meades, M. Fa-
vreau, M. Anions, P. Bélisle, C. Gendreau, D. Short-
house, and contributors. 2010+. Database of Vascular
Plants of Canada (VASCAN). Accessed 22 December
2022. http://data.canadensys.net/vascan.

Cannon, P., H. Thiis, A. Aptroot, B.J. Coppins, A. Or-
ange, N. Sanderson, and J. Simkin. 2022. Caliciales:
Physciaceae, including the genera Anaptychia, Hetero-
dermia, Hyperphyscia, Mischoblastia, Phaeophyscia,
Physcia, Physciella, Physconia, Rinodina and Tornabea.
Revisions of British and Irish Lichens 23: 1-37.


https://doi.org/10.2307/3242569
https://doi.org/10.22621/cfn.v135i1.2557
https://ofnc.ca/wp-content/uploads/2021/02/Lichens-of-the-Ottawa-Region-revised-2021-02-28.pdf
https://ofnc.ca/wp-content/uploads/2021/02/Lichens-of-the-Ottawa-Region-revised-2021-02-28.pdf
https://ofnc.ca/wp-content/uploads/2021/02/Lichens-of-the-Ottawa-Region-revised-2021-02-28.pdf
http://data.canadensys.net/vascan

60 THE CANADIAN FIELD-NATURALIST

CFIA (Canadian Food Inspection Agency). 2022. Emer-
ald Ash Borer — latest information. Accessed December
2022. https://inspection.canada.ca/plant-health/invasive-
species/insects/emerald-ash-borer/latest-information/en
2/1337287614593/1337287715022.

Clayden, S.R. 2000. History, physical setting, and regional
variation of the flora. Pages 35-73 in Flora of New
Brunswick, Second Edition. Edited by H.R. Hinds. De-
partment of Biology, University of New Brunswick,
Fredericton, New Brunswick, Canada.

Clayden, S.R. 2010. Lichens and allied fungi of the Atlan-
tic Maritime Ecozone. Pages 153—178 in Assessment of
Species Diversity in the Atlantic Maritime Ecozone. Ed-
ited by D.F. McAlpine and .M. Smith. NRC Research
Press, Ottawa, Ontario, Canada.

Clayden, S.R., R.P. Cameron, and J.W. McCarthy. 2011.
Perhumid boreal and hemiboreal forests of eastern Can-
ada. Pages 111-131 in Temperate and Boreal Rainforests
of the World: Ecology and Conservation. Edited by D.A.
DellaSala. Island Press, Washington, DC, USA. https:/
doi.org/10.5822/978-1-61091-008-8_4

Consortium of Lichen Herbaria. 2023. Consortium of Li-
chen Herbaria database. Accessed April 2022-March
2023. https://lichenportal.org.

COSEWIC (Committee on the Status of Endangered
Wildlife in Canada). 2009. COSEWIC assessment and
status report on the Vole Ears Lichen Erioderma mollis-
simum in Canada. COSEWIC, Ottawa, Ontario, Canada.

COSEWIC (Committee on the Status of Endangered
Wildlife In Canada). 2014. COSEWIC assessment and
status report on the Boreal Felt Lichen Erioderma pedi-
cellatum in Canada. COSEWIC, Ottawa, Ontario, Canada.

COSEWIC (Committee on the Status of Endangered
Wildlife in Canada). 2018. COSEWIC assessment and
status report on the Black Ash Fraxinus nigra in Canada.
COSEWIC, Ottawa, Ontario, Canada.

Crossland, D.R. 2006. Defining a forest reference condi-
tion for Kouchibouguac National Park and adjacent
landscape in eastern New Brunswick using four recon-
structive approaches. M.Sc. thesis, University of New
Brunswick, Fredericton, New Brunswick, Canada.

Cui, Y.M., B. Sun, H.-F. Wang, D.K. Ferguson, Y.-F.
Wang, C.-S. Li, J. Yang, and Q.-W. Ma. 2015. Explor-
ing the formation of a disjunctive pattern between east-
ern Asia and North America based on fossil evidence
from Thuja (Cupressaceae). PLoS ONE 10: e0138544.
https://doi.org/10.1371/journal.pone.0138544

Culberson, C.F. 1972. Improved conditions and new data
for the identification of lichen products by a standardized
thin-layer chromatographic method. Journal of Chroma-
tography 72: 113-125. https://doi.org/10.1016/0021-967
3(72)80013-X

Driscoll, K.E., S.R. Clayden, and R.C. Harris. 2016.
Lecanora insignis (Lecanoraceae) and its lichenicolous
fungi in North America, including a new species of Skyz-
tea (Helotiales). Bryologist 119: 39-51. https://doi.org/
10.1639/0007-2745-119.1.039

ECCC (Environment and Climate Change Canada). 2022.
Canadian Climate Normals 1971-2000, 1981-2010. Otta-
wa, Ontario, Canada. Accessed May—June 2022. http://
climate.weather.gc.ca/climate_normals/.

Vol. 137

Ellis, C.J. 2012. Lichen epiphyte diversity: a species, com-
munity and trait-based review. Perspectives in Plant Ecol-
ogy, Evolution, and Systematics 14: 131-152. https:/
doi.org/10.1016/j.ppees.2011.10.001

Ertz, D., K.E. Driscoll, and S.R. Clayden. 2021. Two new
lichenicolous species of Opegrapha (Arthoniales) from
Canada. Bryologist 124: 39-51. https://doi.org/10.1639/
0007-2745-124.1.039

Esslinger, T.L. 2021. A cumulative checklist for the lichen-
forming, lichenicolous and allied fungi of the continental
United States and Canada, version 24. Opuscula Philoli-
chenum 20: 100-394.

Galanina, I.A., and A.K. Ezhkin. 2019. The genus Rino-
dina in the Kuril Islands (Russian Far East). Turczani-
nowia 22(4): 5-16. https://doi.org/10.14258/turczanino
wia.22.4.1

Galanina, I.A., A.K. Ezhkin, and Y. Ohmura. 2021a. The
genus Rinodina (Physciaceae, lichenized Ascomycota)
of the Sakhalin Island (Russian Far East). Botanicheskii
Zhurnal 106: 147-165. https://doi.org/10.31857/s00068
13621020034

Galanina, LLA., L.S. Yakovchenko, E.V. Zheludeva, and
Y. Ohmura. 2021b. The genus Rinodina (Physciaceae,
lichenized Ascomycota) in the Magadan Region (Far
East of Russia). Novitates Systematicae Plantarum non
Vascularium 55: 97-119. https://doi.org/10.31111/nsnr/
2021.55.1.97

Global Forest Watch. 2023. Global Forest Watch dashboard.
Accessed 27 March 2023. https://www.globalforest
watch.org/dashboards/country/CAN.

Gowan, S.P., and .M. Brodo. 1988. The lichens of Fundy
National Park, New Brunswick, Canada. Bryologist 91:
255-325. https://doi.org/10.2307/3242770

Hale, ML.E. 1955. Phytosociology of corticolous cryptogams
in the upland forests of southern Wisconsin. Ecology 36:
45-63. https://doi.org/10.2307/1931430

Hare, F.K., and M.K. Thomas. 1974. Climate Canada.
Wiley Publishers of Canada Limited, Toronto, Ontario,
Canada.

Harris, R.C. 2015. Lichens of the Straits Counties, Michi-
gan, Second Edition. New York Botanical Garden, New
York, New York, USA.

Hassan, Q.K., C.P.-A. Bourque, F.-R. Meng, and W. Rich-
ards. 2007. Spatial mapping of growing degree days: an
application of MODIS-based surface temperatures and
enhanced vegetation index. Journal of Applied Remote
Sensing 1: 013511. https://doi.org/10.1117/1.2740040

Haughian, S.R., S.R. Clayden, and R.P. Cameron. 2018.
On the distribution and habitat of Fuscopannaria leu-
costicta in New Brunswick, Canada. Ecoscience 26: 99—
112. https://doi.org/10.1080/11956860.2018.1526997

Helms, G., T. Friedl, and G. Rambold. 2003. Phylogenetic
relationships of the Physciaceae inferred from rDNA se-
quence data and selected phenotypic characters. Myco-
logia 95: 1078-1099. https://doi.org/10.1080/15572536.
2004.11833022

Helms, G., T. Friedl, G. Rambold, and H. Mayrhofer.
2001. Identification of photobionts from the lichen fam-
ily Physciaceae using algal-specific ITS rDNA sequenc-
ing. Lichenologist 33: 73-86. https://doi.org/10.1006/
lich.2000.0298


https://inspection.canada.ca/plant-health/invasive-species/insects/emerald-ash-borer/latest-information/eng/1337287614593/1337287715022
https://inspection.canada.ca/plant-health/invasive-species/insects/emerald-ash-borer/latest-information/eng/1337287614593/1337287715022
https://inspection.canada.ca/plant-health/invasive-species/insects/emerald-ash-borer/latest-information/eng/1337287614593/1337287715022
https://doi.org/10.5822/978-1-61091-008-8_4
https://doi.org/10.5822/978-1-61091-008-8_4
https://lichenportal.org
https://doi.org/10.1371/journal.pone.0138544
https://doi.org/10.1016/0021-9673(72)80013-X
https://doi.org/10.1016/0021-9673(72)80013-X
https://doi.org/10.1639/0007-2745-119.1.039
https://doi.org/10.1639/0007-2745-119.1.039
http://climate.weather.gc.ca/climate_normals/
http://climate.weather.gc.ca/climate_normals/
https://doi.org/10.1016/j.ppees.2011.10.001
https://doi.org/10.1016/j.ppees.2011.10.001
https://doi.org/10.1639/0007-2745-124.1.039
https://doi.org/10.1639/0007-2745-124.1.039
https://doi.org/10.14258/turczaninowia.22.4.1
https://doi.org/10.14258/turczaninowia.22.4.1
https://doi.org/10.31857/s0006813621020034
https://doi.org/10.31857/s0006813621020034
https://doi.org/10.31111/nsnr/2021.55.1.97
https://doi.org/10.31111/nsnr/2021.55.1.97
https://www.globalforestwatch.org/dashboards/country/CAN
https://www.globalforestwatch.org/dashboards/country/CAN
https://doi.org/10.2307/3242770
https://doi.org/10.2307/1931430
https://doi.org/10.1117/1.2740040
https://doi.org/10.1080/11956860.2018.1526997
https://doi.org/10.1080/15572536.2004.11833022
https://doi.org/10.1080/15572536.2004.11833022
https://doi.org/10.1006/lich.2000.0298
https://doi.org/10.1006/lich.2000.0298

2023

Hinds, H.R. 1970. Vertical distribution of lichens on as-
pens in Michigan. Bryologist 73: 626—628. https://doi.
org/10.2307/3241504

Hinds, J.W., A.M. Fryday, and A.C. Dibble. 2009. Lichens
and bryophytes of the alpine and subalpine zones on Ka-
tahdin, Maine, II: Lichens. Bryologist 112: 673-703.
https://doi.org/10.1639/0007-2745-112.4.673

Hoffman, J.R. 2022. Conservation, comparative genomics
and species delimitation of the Reindeer Lichens (Cla-
donia). Ph.D. thesis, City University of New York, New
York, USA.

Holien, H., S.R. Clayden, T.H. Hofton, and F. Jonsson.
2015. Bactrospora brodoi, ecology and world distribu-
tion. Graphis Scripta 27: 46-55.

Jorgensen, P.M. 1972. Erioderma pedicellatum (= E. bo-
reale) in New Brunswick, Canada. Bryologist 75: 369—
371. https://doi.org/10.2307/3241481

Kjaer, K.H., M.W. Pedersen, B. De Sanctis, B. De Cah-
san, T.S. Korneliussen, C.S. Michelsen, K.K. Sand, S.
Jelavi¢, A.H. Ruter, A.M.A. Schmidt, K.K. Kjeldsen,
A.S. Tesakov, 1. Snowball, J.C. Gosse, 1.G. Alsos, Y.
Wang, C. Dockter, M. Rasmussen, M.E. Jergensen,
B. Skadhauge, A. Prohaska, J.A. Kristensen, M.
Bjerager, M.E. Allentoft, E. Coissac, PhyloNorway
Consortium, A. Rouillard, A. Simakova, A. Fernan-
dez-Guerra, C. Bowler, M. Macias-Fauria, L. Vin-
ner, J.J. Welch, A.J. Hidy, M. Sikora, M.J. Collins,
R. Durbin, N.K. Larsen, and E. Willerslev. 2022. A
2-million-year-old ecosystem in Greenland uncovered
by environmental DNA. Nature 612: 283-291. https:/
doi.org/10.1038/s41586-022-05453-y

Kondratyuk, S.Y., L. Lékos, 1. Kirnefelt, A. Thell, M.-H.
Jeong, S.-O. Oh, A.S. Kondratiuk, E. Farkas, and
J.-S. Hur. 2021. Contributions to molecular phylogeny
of lichen-forming fungi 2. Review of current monophy-
letic branches of the family Physciaceae. Acta Botanica
Hungarica 63: 351-390. https://doi.org/10.1556/034.63.
2021.3-4.8

Lendemer, J.C., J.R. Hoffman, and J.W. Sheard. 2019.
Rinodina brauniana (Physciaceae, Telochistales), a new
species with pseudoisidia from the southern Appalachian
Mountains of eastern North America. Bryologist 122:
111-121. https://doi.org/10.1639/0007-2745-122.1.111

Lendemer, J.C., J.W. Sheard, G. Thor, and T. Tensberg.
2012. Rinodina chrysidiata, a new species from far east-
ern Asia and the Appalachian Mountains of North Amer-
ica. Lichenologist 44: 179-187. https://doi.org/10.1017/
50024282911000764

Lendemer, J.C., E.A. Tripp, and J.W. Sheard. 2014. A re-
view of Rinodina (Physciaceae) in Great Smoky Moun-
tains National Park highlights the growing significance
of this “island of biodiversity” in eastern North America.
Bryologist 117: 259-281. https://doi.org/10.1639/0007-
2745-117.3.259

Li, J., Y. Zhang, M. Ruhsamb, R.I. Milne, Y. Wang,
D. Wu, S. Jiaa, T. Taoa, and K. Mao. 2022. Seeing
through the hedge: phylogenomics of Thuja (Cupressa-
ceae) reveals prominent incomplete lineage sorting and
ancient introgression for Tertiary relict flora. Cladistics
38: 187-203. https://doi.org/10.1111/cla.12491

Loo, J., and N. Ives. 2003. The Acadian forest: historical

CLAYDEN ET AL.: RINODINA IN NEW BRUNSWICK 61

condition and human impacts. Forestry Chronicle 79:
462-474. https://doi.org/10.5558/tfc79462-3

Loucks, O.L. 1962a. A forest classification for the Maritime
Provinces. Proceedings of the Nova Scotian Institute of
Science 25: 85-167.

Loucks, O.L. 1962b. Ordinating forest communities by means
of environmental scalars and phytosociological indices.
Ecological Monographs 32: 137-166. https://doi.org/
10.2307/1942383

Maass, W.S.G. 1980. Erioderma pedicellatum in North
America: a case study of a rare and endangered lichen.
Proceedings of the Nova Scotian Institute of Science 30:
69-87.

Maass, W.S.G., and D. Yetman. 2002. COSEWIC assess-
ment and status report on the Boreal Felt Lichen (Er-
ioderma pedicellatum) in Canada. Committee on the
Status of Endangered Wildlife in Canada, Ottawa, On-
tario, Canada.

Magnusson, A.H. 1947. On North American, non-saxico-
lous species of the genus Rinodina. Botaniska Notiser
1947: 32-54.

Magnusson, A.H. 1953. New lichens mostly Rinodina spe-
cies from U.S.A. Botaniska Notiser 1953(2): 189-196.

Mayrhofer, H., and R. Moberg. 2002. Rinodina. Nordic
Lichen Flora 2: 41-69.

McAlpine, D.F. 2022. BiotaNB: the New Brunswick Mu-
seum’s biological inventory program enters its 2nd de-
cade. Newsletter of the Biological Survey of Canada 14:
29-41.

McCarthy, J.W., K.E. Driscoll, and S.R. Clayden. 2015.
Lichens in four Newfoundland Provincial Parks. Cana-
dian Field-Naturalist 129: 219-228. https://doi.org/10.
22621/cfn.v129i3.1720

McCune, B., U. Arup, O. Breuss, E. Di Meglio, J. Di Meg-
lio, T.L. Esslinger, N. Magain, J. Miadlikowska, A.E.
Miller, L. Muggia, P.R. Nelson, R. Rosentreter, M.
Schultz, J.W. Sheard, T. Tonsberg, and J. Walton.
2018. Biodiversity and ecology of lichens of Katmai
and Lake Clark National Parks and Preserves, Alaska.
Mycosphere  9:  859-930. https://doi.org/10.5943/
mycosphere/9/4/10

McMullin, R.T., R.P. Cameron, R.T. Caners, J. Doubt,
and D.L. Haughland. 2018. A preliminary list of the
bryophytes and lichens of the Old Annapolis Road Na-
ture Reserve in Nova Scotia, Canada. Evansia 35: 81-95.
https://doi.org/10.1639/0747-9859-35.3.081

McMullin, R.T., P.N. Duinker, R.P. Cameron, D.H.S.
Richardson, and I.M. Brodo. 2008. Lichens of conif-
erous old-growth forests of southwestern Nova Scotia,
Canada: diversity and present status. Bryologist 111:
620-637. https://doi.org/10.1639/0007-2745-111.4.620

Michalica, K., H.W. Rees, M.J. Dillon, P.J. Loro, P.M.
Toner, R.G. Donald, and J.J. Parka. 2000. Soils of the
Acadian Peninsula, Gloucester County, New Brunswick.
New Brunswick Soil Survey Report No. 18. New Bruns-
wick Department of Agriculture, Fisheries and Aquacul-
ture, Fredericton, New Brunswick, Canada. Accessed
17 June 2022. https://sis.agr.gc.ca/cansis/publications/
surveys/nb/nb18/nb18_report.pdf.

Morse, C.A., and J.W. Sheard. 2020. Rinodina lecideop-
sis (Teloschistales, Physciaceae) a new endemic species


https://doi.org/10.2307/3241504
https://doi.org/10.2307/3241504
https://doi.org/10.1639/0007-2745-112.4.673
https://doi.org/10.2307/3241481
https://doi.org/10.1038/s41586-022-05453-y
https://doi.org/10.1038/s41586-022-05453-y
https://doi.org/10.1556/034.63.2021.3-4.8
https://doi.org/10.1556/034.63.2021.3-4.8
https://doi.org/10.1639/0007-2745-122.1.111
https://doi.org/10.1017/s0024282911000764
https://doi.org/10.1017/s0024282911000764
https://doi.org/10.1639/0007-2745-117.3.259
https://doi.org/10.1639/0007-2745-117.3.259
https://doi.org/10.1111/cla.12491
https://doi.org/10.5558/tfc79462-3
https://doi.org/10.2307/1942383
https://doi.org/10.2307/1942383
https://doi.org/10.22621/cfn.v129i3.1720
https://doi.org/10.22621/cfn.v129i3.1720
https://doi.org/10.5943/mycosphere/9/4/10
https://doi.org/10.5943/mycosphere/9/4/10
https://doi.org/10.1639/0747-9859-35.3.081
https://doi.org/10.1639/0007-2745-111.4.620
https://sis.agr.gc.ca/cansis/publications/surveys/nb/nb18/nb18_report.pdf
https://sis.agr.gc.ca/cansis/publications/surveys/nb/nb18/nb18_report.pdf

62 THE CANADIAN FIELD-NATURALIST

from the central United States related to R. bischoffii.
Bryologist 123: 31-38. https://doi.org/10.1639/0007-27
45-123.1.031

Nadyeina, O., M. Grube, and H. Mayrhofer. 2010. A con-
tribution to the taxonomy of the genus Rinodina (Phy-
sciaceae, lichenized Ascomycotina) using combined
ITS and mtSSU rDNA data. Lichenologist 42: 521-531.
https://doi.org/10.1017/30024282910000186

NBDNRED (New Brunswick Department of Natural Re-
sources and Energy Development). 2022. New Bruns-
wick’s nature legacy. Accessed 13 December 2022.
https://www2.gnb.ca/content/gnb/en/departments/erd/
promo/nature_legacy.html.

Nimis, P.L. 1985. Phytogeography and ecology of epiphytic
lichens at the southern rim of the Clay Belt (N-Ontario,
Canada). Bryologist 88: 315-324. https://doi.org/10.23
07/3242666

Nimis, P.L., J. Hafellner, C. Roux, P. Clerc, H. Mayrhofer,
S. Martellos, and P.O. Bilovitz. 2018. The lichens of
the Alps — an annotated checklist. MycoKeys 31: 1-634.
https://doi.org/10.3897/mycokeys.31.23568

Orange, A., P.W. James, and F.J. White. 2001. Micro-
chemical Methods for the Identification of Lichens. Brit-
ish Lichen Society, London, United Kingdom.

Otte, V. 2004. Flechten, Moose und lichenicole Pilze aus
dem nordwestlichen Kaukasus — erster Nachtrag. Fed-
des Repertorium 115: 155-163. https://doi.org/10.1002/
fedr.200311033

Pfister, D.H. 2016. William Gilson Farlow on Campobello
Island: a brief account of his trips in 1898 and 1902. Far-
low Reference Library and Herbarium, Harvard Univer-
sity, Cambridge, Massachusetts, USA. Accessed 17 June
2022. https://fof.huh.harvard.edu/files/fof/files/farlow_
campobello.pdf.

Risinen, V.J.P.B. 1933. Contribution to the lichen flora of
North America. Annals of the Missouri Botanical Gar-
den 20: 7-21. https://doi.org/10.2307/2394419

Resl, P., H. Mayrhofer, S.R. Clayden, T. Spribille, G.
Thor, T. Tensberg, and J.W. Sheard. 2016. Mor-
phological, chemical and species delimitation analy-
ses provide new taxonomic insights into two groups of
Rinodina. Lichenologist 48: 469-488. https://doi.org/
10.1017/s0024282916000359

Richardson, D.H.S., Z. Lucas, and F. Anderson. 2009.
The lichen flora of Sable Island, Nova Scotia: its past,
present and likely future status. Bryologist 112: 558—
571. https://doi.org/10.1639/0007-2745-112.3.558

Rowe, J.S. 1972. Forest Regions of Canada. Canadian For-
estry Service, Publication No. 1300. Department of the
Environment, Ottawa, Ontario, Canada.

Sanders, W.B., and H. Masumoto. 2021. Lichen algae:
the photosynthetic partners in lichen symbioses. Li-
chenologist 53: 347-393. https://doi.org/10.1017/s0024
282921000335

Schmitt, C.K., and N.G. Slack. 1990. Host specificity of
epiphytic lichens and bryophytes: a comparison of the
Adirondack Mountains (New York) and the southern
Blue Ridge Mountains (North Carolina). Bryologist 93:
257-274. https://doi.org/10.2307/3243509

Seaward, M.R.D., D.H.S. Richardson, I.M. Brodo, R.C.
Harris, and D.L. Hawksworth. 2017. Checklist of li-

Vol. 137

chen-forming, lichenicolous and allied fungi of Eagle
Hill and its vicinity, Maine. Northeastern Naturalist 24:
349-79. https://doi.org/10.1656/045.024.0305

Selva, S.B. 1994. Lichen diversity and stand continuity in
the northern hardwoods and spruce-fir forests of north-
ern New England and western New Brunswick. Bryolo-
gist 94: 424-428. https://doi.org/10.2307/3243911

Selva, S.B., M.P. Edberg, and M. Selva. 2004. Survey
of epiphytic lichens of late successional northern hard-
woods forests in northern Cape Breton Island. Parks
Canada Ecosystem Monitoring and Data Reports, No.
8. Accessed 17 June 2022. https://publications.gc.ca/
collections/collection_2019/pc/R61-2-20-8-2003-eng.
pdf.

Selva, S.B., and H. Tuovila. 2016. Two new resinicolous
mycocalicioid fungi from the Acadian Forest: one new to
science, the other new to North America. Bryologist 119:
417-422. https://doi.org/10.1639/0007-2745-119.4.417

Shaw, E.A. 1977. Saccharum or saccharophorum? Rhodora
79:123-127.

Sheard, J.W. 1995. Disjunct distributions of some North
American corticolous, vegetatively reproducing Rino-
dina species (Physciaceae, lichenized Ascomycetes).
Herzogia 11: 115-132. https://doi.org/10.1127/herzogia/
11/1995/115

Sheard, J.W. 2010. The Lichen Genus Rinodina (Ach.)
Gray (Lecanoromycetidae, Physciaceae) in North Amer-
ica, North of Mexico. NRC Research Press, Ottawa, On-
tario, Canada.

Sheard, J.W. 2018. A synopsis and new key to the species
of Rinodina (Ach.) Gray (Physciaceae, lichenized Asco-
mycetes) presently recognized in North America. Her-
zogia 31: 395-423. https://doi.org/10.13158/heia.31.
1.2018.395

Sheard, J.W., A.K. Ezhkin, I.A. Galanina, D.E. Hime-
Ibrant, E. Kuznetsova, A. Shimizu, I. Stepanchikova,
G. Thor, T. Tensberg, L.S. Yakovchenko, and T. Spri-
bille. 2017. The lichen genus Rinodina (Physciaceae,
Caliciales) in north-eastern Asia. Lichenologist 49: 617—
672. https://doi.org/10.1017/S0024282917000536

Sheard, J.W., J.C. Lendemer, T. Spribille, G. Thor, and T.
Tensberg. 2012. Further contributions to the genus Ri-
nodina (Physciaceae, Lecanoromycetidae): two species
new to science and a new record for the Canadian High
Arctic. Herzogia 25: 125-143. https://doi.org/10.13158/
heia.25.2.2010.125

Shorthouse, D.P. 2010. SimpleMappr, an online tool to pro-
duce publication-quality point maps. Accessed 8 June
2023. https://www.simplemappr.net.

Spribille, T. 2011. Circumboreal lichen diversification:
phylogenetic and phylogeographic studies in the genus
Mycoblastus. Ph.D. thesis, Karl-Franzens University of
Graz, Graz, Austria.

Thiers, B. 2022+. Index Herbariorum. New York Botani-
cal Garden, Bronx, New York, USA. Accessed 17 June
2022. http://sweetgum.nybg.org/science/ih/.

Tensberg, T. 1992. The sorediate and isidiate, corticolous,
crustose lichens in Norway. Sommerfeltia 14: 1-331.
https://doi.org/10.2478/som-1992-0002

Trinkaus, U., H. Mayrhofer, and M. Matzer. 1999. Rino-
dina gennarii (Physciaceae), a widespread species in the


https://doi.org/10.1639/0007-2745-123.1.031
https://doi.org/10.1639/0007-2745-123.1.031
https://doi.org/10.1017/s0024282910000186
https://www2.gnb.ca/content/gnb/en/departments/erd/promo/nature_legacy.html
https://www2.gnb.ca/content/gnb/en/departments/erd/promo/nature_legacy.html
https://doi.org/10.2307/3242666
https://doi.org/10.2307/3242666
https://doi.org/10.3897/mycokeys.31.23568
https://doi.org/10.1002/fedr.200311033
https://doi.org/10.1002/fedr.200311033
https://fof.huh.harvard.edu/files/fof/files/farlow_campobello.pdf
https://fof.huh.harvard.edu/files/fof/files/farlow_campobello.pdf
https://doi.org/10.2307/2394419
https://doi.org/10.1017/s0024282916000359
https://doi.org/10.1017/s0024282916000359
https://doi.org/10.1639/0007-2745-112.3.558
https://doi.org/10.1017/s0024282921000335
https://doi.org/10.1017/s0024282921000335
https://doi.org/10.2307/3243509
https://doi.org/10.1656/045.024.0305
https://doi.org/10.2307/3243911
https://publications.gc.ca/collections/collection_2019/pc/R61-2-20-8-2003-eng.pdf
https://publications.gc.ca/collections/collection_2019/pc/R61-2-20-8-2003-eng.pdf
https://publications.gc.ca/collections/collection_2019/pc/R61-2-20-8-2003-eng.pdf
https://doi.org/10.1639/0007-2745-119.4.417
https://doi.org/10.1127/herzogia/11/1995/115
https://doi.org/10.1127/herzogia/11/1995/115
https://doi.org/10.13158/heia.31.1.2018.395
https://doi.org/10.13158/heia.31.1.2018.395
https://doi.org/10.1017/S0024282917000536
https://doi.org/10.13158/heia.25.2.2010.125
https://doi.org/10.13158/heia.25.2.2010.125
https://www.simplemappr.net
http://sweetgum.nybg.org/science/ih/
https://doi.org/10.2478/som-1992-0002

2023

temperate regions of the Southern Hemisphere. Austral-
asian Lichenology 45: 15-21.

Tripp, E.A., and J.C. Lendemer. 2019. Highlights from
10+ years of lichenological research in Great Smoky
Mountains National Park: celebrating the United States
National Park Service Centennial. Systematic Botany
44: 943-980. https://doi.org/10.1600/036364419x15710
776741332

Tuhkanen, S. 1984. A circumboreal system of climatic-phy-
togeographical regions. Acta Botanica Fennica 127: 1-50.

Urbanavichus, G., J. Vondrak, I. Urbanavichene, Z.
Palice, and J. Mali¢ek. 2020. Lichens and allied non-
lichenized fungi of virgin forests in the Caucasus State
Nature Biosphere Reserve (Western Caucasus, Russia).
Herzogia 33: 90-138. https://doi.org/10.13158/heia.33.
1.2020.90

Wen, J. 1999. Evolution of eastern Asian and eastern North
American disjunct distributions in flowering plants. An-
nual Review of Ecology and Systematics 30: 421-455.
https://doi.org/10.1146/annurev.ecolsys.30.1.421

Wen, J., S. Ickert-Bond, Z.-L. Nie, and R. Li. 2010. Tim-
ing and modes of evolution of eastern Asian—North
American biogeographic disjunctions in seed plants.
Pages 252-269 in Darwin’s Heritage Today: Proceed-
ings of the Darwin 200 Beijing International Confer-
ence. Edited by M. Long, H. Gu, and Z. Zhou. Higher
Education Press, Beijing, China. Accessed 8 June 2023.
https://www.researchgate.net/profile/Stefanie-Ickert-

CLAYDEN ET AL.: RINODINA IN NEW BRUNSWICK 63

Bond/publication/284793221.

Wirth, V. 2021. Neue und bemerkenswerte Funde von Flech-
ten und flechtenbewohnenden Pilzen in Stiddeutschland
und Umgebung. Carolinea 79: 5-17.

Wirth, V., M. Hauck, and M. Schultz. 2013. Die Flechten
Deutschlands. Ulmer, Stuttgart, Germany.

Wong, P.Y., and I.M. Brodo. 1992. The lichens of southern
Ontario, Canada. Syllogeus 69: 1-79.

Xiang, J.-Y., J. Wen, and H. Peng. 2015. Evolution of the
eastern Asian—North American biogeographic disjunc-
tions in ferns and lycophytes. Journal of Systematics and
Evolution 53: 2-32. https://doi.org/10.1111/jse.12141

Yakovchenko, L., E.A. Davydov, A. Paukov, A. Frisch, 1.
Galanina, J.E. Han, K.J. Moon, and H. Kashiwadani.
2018. New lichen records from Korea. — I. Mostly arc-
tic-alpine and tropical species. Herzogia 31: 965-981.
https://doi.org/10.13158/heia.31.2.2018.965

Zelazny, V.F. 2007. Our Landscape Heritage: the Story of
Ecological Land Classification in New Brunswick. New
Brunswick Department of Natural Resources, Fred-
ericton, New Brunswick, Canada. Acccessed 17 June
2022. https://www2.gnb.ca/content/dam/gnb/Departments/
nr-rn/pdf/en/ForestsCrownLands/ProtectedNatural
Areas/our-landscape-heritage.pdf.

Received 28 March 2023
Accepted 26 June 2023
Associate Editor: J.M. Saarela


https://doi.org/10.1600/036364419x15710776741332
https://doi.org/10.1600/036364419x15710776741332
https://doi.org/10.13158/heia.33.1.2020.90
https://doi.org/10.13158/heia.33.1.2020.90
https://doi.org/10.1146/annurev.ecolsys.30.1.421
https://www.researchgate.net/profile/Stefanie-Ickert-Bond/publication/284793221
https://www.researchgate.net/profile/Stefanie-Ickert-Bond/publication/284793221
https://doi.org/10.1111/jse.12141
https://doi.org/10.13158/heia.31.2.2018.965
https://www2.gnb.ca/content/dam/gnb/Departments/nr-rn/pdf/en/ForestsCrownLands/ProtectedNaturalAreas/our-landscape-heritage.pdf
https://www2.gnb.ca/content/dam/gnb/Departments/nr-rn/pdf/en/ForestsCrownLands/ProtectedNaturalAreas/our-landscape-heritage.pdf
https://www2.gnb.ca/content/dam/gnb/Departments/nr-rn/pdf/en/ForestsCrownLands/ProtectedNaturalAreas/our-landscape-heritage.pdf

	Introduction
	Study Area
	Methods
	Results
	Key to Rinodina species known or expected to occur in New Brunswick
	Annotated Checklist of Rinodina in New Brunswick
	Discussion
	Author Contributions
	Acknowledgements
	Literature Cited

