A Bryophyte Species List for Denali National Park and Preserve,
Alaska, with Commentson Several New and Noteworthy Records

Author(s): Sarah E. Stehn , James K. Walton, Carl A. Roland

Source: Evansia, 30(1):31-45. 2013.

Published By: The American Bryological and Lichenological Society, Inc.
DOI: http://dx.doi.org/10.1639/079.030.0105

URL: http://www.bioone.org/doi/full/10.1639/079.030.0105

BioOne (www.bioone.org) is a nonprofit, online aggregation of core research in the
biological, ecological, and environmental sciences. BioOne provides a sustainable online
platform for over 170 journals and books published by nonprofit societies, associations,
museums, institutions, and presses.

Y our use of this PDF, the BioOne Web site, and all posted and associated content
indicates your acceptance of BioOne's Terms of Use, available at www.bioone.org/page/
terms of _use.

Usage of BioOne content is strictly limited to personal, educational, and non-commercial
use. Commercial inquiries or rights and permissions requests should be directed to the
individual publisher as copyright holder.

BioOne sees sustainable scholarly publishing as an inherently collaborative enterprise connecting authors, nonprofit publishers,
academic ingtitutions, research libraries, and research funders in the common goal of maximizing access to critical research.


http://dx.doi.org/10.1639/079.030.0105
http://www.bioone.org/doi/full/10.1639/079.030.0105
http://www.bioone.org
http://www.bioone.org/page/terms_of_use
http://www.bioone.org/page/terms_of_use

Evansia 30(1) 31

A bryophyte species list for Denali National Park and Preserve,
Alaska, with comments on several new
and noteworthy records

Sarah E. Stehn
Denali National Park and Preserve and Central Alaska Network
National Park Service, P.O. Box 9, Denali Park, AK 99755
E-mail: sarah_stehn@nps.gov

James K. Walton
Southwest Alaska Network
National Park Service, 240 West 5™ Avenue, Anchorage, AK 99501
E-mail: james_walton@nps.gov

Carl A. Roland
Denali National Park and Preserve and Central Alaska Network
National Park Service, P.O. Box 9, Denali Park, AK 99755
E-mail: carl_roland @nps.gov

Abstract. We present a substantially revised and updated bryophyte flora for the 2.4 million
ha Denali National Park and Preserve (DNPP) based on wide-ranging field investigations
conducted over the period 2001-2011. We visited 39 inventory sites and 45 vegetation
monitoring study areas within DNPP, increasing the number of bryophyte taxa previously
known by 147. 499 taxa are reported in this updated flora (380 moss taxa in 134 genera
and 119 liverwort taxa in 43 genera). We provide geographic and ecological summaries
through annotations and distribution maps for 24 of the most noteworthy finds, as well as
comments on patterns of bryophyte community composition and dominance in this large
and previously poorly-studied region.
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INTRODUCTION

Bryophytes (mosses and liverworts) are a major component of Alaska’s ecosystems, comprising a
considerable fraction of ecosystem ground-cover and annual productivity (Oechel and Van Cleve 1986),
playing important roles in nutrient cycling (Longton 1997), and strongly affecting soil drainage and the
depth of the active layer (Vitt and Pakarinen 1977) which dramatically influences vegetation patterns.
The bryoflora of Denali National Park and Preserve (DNPP), a 2.4 million ha subarctic wilderness park in
south-central Alaska (Fig.1) has attracted the attention of naturalists since the mid twentieth century,
beginning with a single moss collection in 1928 (reported in Persson 1946) from the Park’s first concerted
botanical collection effort completed by the botanist Ynes Mexia. Additional small bryophyte reports
were made in conjunction with other vascular plant inventories (see Harvill 1947, Hanson 1951, Persson
1963, Persson and Weber 1958, Persson and Gj&revoll 1961, Hermann 1973a, Hermann 1973b), but it
wasn’t until 1951 the Park saw its first large scale nonvascular collection effort, when Hannah Croasdale
and Elizabeth Sherrard spent 18 days collecting freshwater algae, bryophytes, and lichens at several
locations along the 90-mile Park Road corridor and Parks Highway (Sherrard 1957). Soon after, William
A. Weber and Leslie A. Viereck collected nonvascular plants in conjunction with Viereck’s study of the
Muldrow Glacier moraine (collections reported in Persson and Weber 1958).

These studies contributed to an increased understanding of bryophyte distribution in the Park, and
more broadly in North America. However, they provided an incomplete representation of the bryophyte
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flora of DNPP because they were spatially restricted in two ways: (1) they were limited to the immediate
vicinity of the 90-mile park road corridor and Parks Highway, and (2) they were confined within the
860,000 ha original boundary of Mt. McKinley National Park, which was expanded to its current size of
2.4 million ha, and renamed Denali National Park and Preserve in 1980 (Figure 1). Recent work across
the park landscape beyond these spatial restrictions has yielded important new information concerning the
composition and distribution of the flora of DNPP. These discoveries contribute not only to an increased
understanding of species distributions within various groups, including vascular plants (Roland 2004;
Roland et al. 2005; Carlson et al. In press.), fungi (Zhurbenko and Laursen 2003) and lichens (Nelson et
al. 2009, Nelson et al. 2011), but also to the understanding of the biogeography of South-Central Alaska
as a whole (Carlson et al. In press).

To address the imbalance in the spatial distribution of bryophyte collecting, we completed additional
investigations into the bryophyte flora of DNPP through two projects, the long-term vegetation
monitoring program (2001-2011; Roland et al. 2005) and a targeted reconnaissance nonvascular plant
inventory described in this paper. We report on additions to the bryophyte flora of DNPP resulting from
these two projects, including an annotated list of bryophyte taxa for DNPP and detailed discussion of a
subset of taxa of special interest.

METHODS

Study area

DNPP is bisected by the Alaska Range, which separates the Cook Inlet basin south of the mountains from
the interior lowlands to the north (Figure 1). This is an ecologically and floristically diverse area
encompassing two major climatic zones as well as diverse topography, variable lithology and landscape
surfaces ranging in age from very recently deglaciated to unglaciated refugial areas (Briner and Kaufman
2008). The 1980 land additions in the transition from Mt. McKinley National Park to DNPP included
vast areas north of the Alaska Range, including the Kantishna Hills and large lowland basins of the Toklat
and Yukon-Kuskokwim Rivers drainages, as well as fragmentary areas of the Cook Inlet basin south of
the Alaska Range.

Field work

New data presented here was collected during fieldwork for two projects: the long term vegetation
monitoring program, and the Denali nonvascular plant inventory. Methods used for these two data
collection efforts are described below.

We began a landscape-scale vegetation monitoring program to establish a quantitative baseline of
vegetation conditions at multiple scales and across multiple species groups, including terricolous
bryophytes and macrolichens, in 2001 (Roland et al. 2005). For this project, we established permanent
vegetation plots throughout the study area encompassing the northeastern region of DNPP (Figure 1)
according to a multi-stage systematic grid sampling design (Roland et al. 2005). First, we generated a
“macro-grid” at 10 km intervals throughout the study area using a random starting point. At each macro-
grid point, we established a secondary “mini-grid” consisting of five rows of five plots spaced 500 m
apart. We sampled a systematic subset of these 10 km mini-grids, such that a regular 20 km systematic
grid sample was obtained across the study area, with one exception. We augmented this sample with
additional mini-grids located within a 6 km buffer along both sides of the DNPP road and in a small
region N of the road, based on logistical considerations (Roland et al. 2005). At each of the 25 points
within a mini-grid, we established a circular plot 16m in diameter (200m?area). We recorded occurrence
of each terricolous nonvascular species present in four 1m* quadrats located along transects bisecting each
200m? circular plot in the magnetic cardinal directions, making ocular estimates of cover by species.
Mosses were collected from forty-five mini-grids, and liverworts were collected from a subset of fourteen
mini-grids according to this protocol.

Beginning in 2007, we conducted a reconnaissance nonvascular species inventory with the objective
of compiling a voucher-based list of bryophytes and lichens occurring within the boundaries of DNPP
through the examination of existing data and targeted field inventory work. We first consolidated park-
based floristic data into a current species list, and then used regional data to generate an expected species
list. In this process, we also identified collecting gaps and potential hotspots of diversity based on habitat
variables such as climate and substrate (i.e. siliceous or calcareous lithology). Over thirteen days in
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Figure 1. Map of study area showing major geographical features, the Denali National Park and Preserve
boundary, and the Park road. The boundary of Mt. McKinley National Park as it was known from 1917—
1980 is shown as a dashed line. Vegetation monitoring mini-grid study areas are indicated with a circle.
Nonvascular inventory sites are indicated with a triangle. Dotted lines represent the 914 meter (3000 feet)
elevation contour.

August 2007 and August 2008, we visited thirty-nine sites selected for their potential to yield new species
for the DNPP list, considering high diversity, lack of collecting history, and accessibility (Figure 1). We
conducted a reconnaissance inventory using intuitively controlled methods, such as targeted searches of
rare and/or diverse microhabitats. We made additional casual collections at seven sites in 2001, as part of
the vascular plant inventory (Roland 2004).

We collected and determined more than 6,700 bryophyte specimens since 2001 in the course of these
two projects. We identified collections in the laboratory using compound and dissecting microscopes.
We sent specimens to taxonomic group experts when necessary, including John Spence for difficult
members of the genus Ptychostomum, Diana Horton for Encalypta sp., and Rod Seppelt for difficult
members of the genera Dicranum, Ditrichum, and Campylopus. We placed collections of common
species and duplicate collections at the DNPP herbarium (NPS Accession # 527), while important and
rare specimens were placed on permanent loan and deposited at the University of Alaska, Museum of the
North Herbarium (ALA) in Fairbanks, Alaska. Nomenclature follows the Flora of North America, either
published (Vol. 27, acrocarpous mosses) or provisional (Vol. 28, acrocarpous and pleurocarpous mosses,
and Vol. 29, liverworts) (Flora of North America Editorial Committee eds. (2007)). Liverworts not yet in
the Flora of North America follow publications by W. S. Hong (e. g. Cephalozia, Cephaloziella,
Leiocolea). Nomenclature for mosses not yet covered by the Flora of North America and liverworts not
covered by W. S. Hong publications, follow Crosby and Zander 2000.



Evansia 30(1) 34

Commonness ratings

We recorded over 22,000 individual occurrences of bryophyte species across > 1000 vegetation
monitoring plots and 45 inventory sites. In order to make estimates of commonness for each taxon
encountered, we categorized each inventory site and monitoring plot by coarse geography: north or south
of the Alaska Range, and high (=900 m) or low (<900 m) elevation. We then grouped monitoring plots
within mini-grid study areas together, so that an occurrence of a particular species would be counted only
once per mini-grid study area, except in the case where the study areas straddled both high and low
elevations. In this case, occurrence of a species at both low and high elevation would be counted
separately. Sampling distribution between the coarse geographic regions (Table 2) and sampling effort at
each site or plot varied. Sampling effort at inventory sites was judgment-based and was generally focused
on rare and habitat specific taxa, whereas sampling effort was strictly randomized for the vegetation
monitoring plots and thus species were included in proportion to their occurrence on the landscape,
favoring more common taxa. We used the number of occurrences of each taxon in each geographic
category to estimate commonness based on the likelihood of encountering a taxon in an appropriate
habitat (Duncan and Meacham 1986).

Range map preparation

To compare our specimen locations with the range of selected species we consulted published floras for
general range statements and the published literature for existing maps and voucher records. We also
checked for additional species occurrences in herbaria selected for their holding of relevant exsiccatae of
important regional collectors. To gather a more complete picture of species distribution in the region, we
included locations for herbarium specimens collected in Washington and Oregon, the Canadian provinces
of British Columbia and Alberta, the Canadian Yukon and Northwest Territories, and eastern Russia.

Table 1. Geographic distribution of sampling effort.
Inventory  Monitoring

Code Description Sites Study Areas Total
NH  North of the Alaska Range, high elevation (=900 m) 7 19 26
NL North of the Alaska Range, low elevation (<900 m) 15 35 50
SH South of the Alaska Range, high elevation 11 2 13
SL South of the Alaska Range, low elevation 15 5 20

RESULTS
This project has contributed substantial new information regarding the geographic ranges of individual
bryophyte species as well as our understanding of the floristics of this group of organisms as a whole in
DNPP and Alaska. This information will assist managers of DNPP charged with safeguarding this
important botanical resource, so characteristic of the subarctic.

General patterns in bryophyte community composition and dominance

The composition and structure of bryophyte communities in DNPP varied according to both micro-and
macro-scale landscape gradients in elevation, topography, disturbance and climate variables as well as
with vascular vegetation community structure. Formal analyses of these patterns in bryophyte community
composition in DNPP will be presented in future articles, but we provide a general summary of broad
patterns observed during 10 years of fieldwork here.

Moderately well-drained forested sites on slopes and along stream courses were dominated by the
feather mosses Hylocomium splendens, Pleurozium schreberi, and Ptilium crista-castrensis with frequent
occurrence of the less dominant acrocarpous species Dicranum scoparium, Sanionia uncinata and
Polytrichum commune. Forested sites underlain by permafrost or those grading into wetlands were
characterized by deep mats of Sphagnum spp. including S. girgensohnii, S. fuscum, and S. warnstorfii
among others. Wet lowland sites also supported an additional complement of hydrophilic species,
including Aulacomnium palustre, Polytrichum strictum, Straminergon stramineum and Tomentypnum
nitens, and species commonly associated with disturbance, Ceratodon purpureus, Polytrichum
Jjuniperinum and Pohlia nutans.
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Table 2. Collection localities referenced in species annotations.

Locality Name Latitude Longitude Elevation (m)
Cascade Creek 62.437°N 152.047°W 339
Castle Rocks 63.419°N 152.080°W 580
east fork of the Bull River 63.396°N 149 .433°W 1073
East Fork Yentna River 62.384°N 151.855°W 146
East Toklat River 63.767°N 150.209°W 605
Gorge Creek 63.410°N 150.275°W 1149
Kankone Peak 63.598°N 150.645°W 1224
Lower east fork of the Toklat River 63.851°N 149.995°W 503
Midway Lakes 62.360°N 151.891°W 95
Mt. Eielson 63.376°N 150.309°W 1480
Mt. Healy 63.757°N 149.215°W 1734
Mystic Pass 63.638°N 152.585°W 1248
near peak above Cantwell 63.379°N 149.217°W 1116
near the base of Mt. Healy 63.739°N 149.217°W 1233
Polychrome Pass 63.493°N 149.832°W 1235
Primrose Ridge 63.757°N 149.418°W 1379
Rock Creek 63.740°N 148.993°W 992
Roosevelt Hills 64.017°N 151.529°W 443
Savage River 63.741°N 149.287°W 914
Shellabarger Pass 63.592°N 152.592°W 929
Straightaway Glacier 63.140°N 151.327°W 1760
Tokosha Mountains 62.675°N 150.703°W 1147
Upper Bearpaw River 63.786°N 150.625°W 856
Upper North Fork Canyon Creek 63.704°N 150.616°W 1109
Upper Stony Creek 63.513°N 150.263°W 1154
Upper Wigand Creek 63.775°N 149.985°W 596
vicinity of the Ruth Glacier terminus 62.703°N 150.326°W 205
vicinity of the Tokositna Glacier terminus 62.652°N 150.790°W 255
West Fork Yentna River 62.378°N 152.180°W 836
Wigand Creek 63.856°N 150.188°W 463

Forests south of the Alaska Range supported a somewhat different bryoflora, likely due to increased
moisture in this maritime-influence area, and the greater proportion of deciduous trees and dominant
shrub component, and thus the copious amounts of leaf litter. Species commonly found here, but not
elsewhere include Plagiomnium medium and Rhytidiadelphus squarrosus. Noteworthy taxa from low
elevation forests in DNPP include Frullania tamarisci subsp. nisquallensis, Rhodobryum roseum and
Dicranum flagellare, all of which grew on substrates that allowed them to escape the leaf litter — tree
bases, boulders and rotting wood respectively.

The bryoflora of non-forested sites in DNPP was greatly influenced by factors associated with the
coarse-scale environmental gradients of elevation, slope, aspect, and substrate availability. In mid-
elevation (~650-900 m) sites the composition of the bryophyte community is largely dependent on its
position in the gradation between more alpine-like and more forest-like bryofloras. Forest and open scrub
birch (Betula nana) areas were dominated by the same set of feathermosses common in the lowlands,
whereas closed Alnus spp. and Salix spp. thickets supported a different moss flora including Climacium
dendroides, Brachythecium nelsonii and Plagiothecium denticulatum. Open tundra and meadow plant
communities in the subalpine were characterized by Rhytidium rugosum, Abietinella abietina,
Racomitrium lanuginosum and members of the genus Hypnum.

Alpine sites were generally characterized by a fine-scale mosaic of small patches of acrocarpous
moss taxa that colonize mineral substrates after the frequent cryoturbation and slope disturbances in these
geomorphically active environments. Common species of this zone included Distichium capillaceum,
Encalypta rhaptocarpa, Timmia austriaca, Schistidium apocarpum and Bartramia ithyphylla. Many of
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the more noteworthy collections from our work were made in the alpine areas of DNPP, including
Andreaea Dblyttii, Arctoa fulvella, Campylopus schimperi, Tetrodontium repandum and Tortula
leucostoma. Alpine seeps and stream rivulets in particular provided new and interesting taxa such as
Scouleria aquatica, Apomarsupella revoluta and Asterella lindenbergiana.

Updated species list

Prior to the work described herein, 352 bryophyte taxa (including 331 species, 17 varieties and 4
subspecies) were known to occur in DNPP (278 mosses in 121 genera and 74 liverworts in 33 genera).
Of the 352 bryophyte taxa previously documented from DNPP, 274 taxa were encountered again during
the course of this project. The updated species list for DNPP that we present here synthesizes collection
records of bryophytes that were found in published sources, a few unpublished but verified herbarium
specimens, and new records based on specimens collected during the two projects described here. It was
beyond the scope of this project to verify records in the published literature or review herbarium
specimens other than our own. Therefore it is possiblethat some species may be listed in error.

We report an updated bryophyte flora for DNPP containing 499 taxa (including 454 species, 39
varieties and 6 subspecies), which is composed of 380 moss taxa in 134 genera and 119 liverwort taxa in
43 genera. This includes 147 new taxa additions (including 131 species, 15 varieties and 1 subspecies) to
the DNPP flora from our work.

Considerable taxonomic revision of certain families has occurred since the last species list for the
Denali area was published (Herman 1973b), including descriptions of new genera and species, as well as
adjustments in the delineations of families, genera, and species. For example, the DNPP flora in the
family Grimmiaceae has increased from 10 to 23 species, with 5 of the new species belonging to two new
genera, Codriophorus P. Beauvois and Bucklandiella Roivainen (Hastings and Ochyra 2007).

In our updated species list available as supplementary information from the BioOne website
(www .bioone.org), taxa not previously reported from DNPP (formerly Mt. McKinley National Park) are
indicated with an asterisk (*) and general commonness ratings are assigned based on number of
occurrences. These ratings are defined as follows: abundant = very likely to be encountered and nearly
always found in appropriate habitats; common = likely to be encountered in appropriate habitats;
uncommon = unlikely to be encountered and sometimes not present in appropriate habitats; rare =
extremely unlikely to be encountered, often not present in appropriate habitats, and often restricted to a
small number of sites; unknown = no rating because taxa was not found during our surveys.
Commonness ratings are assigned for each coarse geographical region (see Table 1 for distribution of
sampling effort in these regions), abbreviated as follows: NH = high elevation (= 900 m) sites north of the
Alaska Range, NL = low elevation sites north of the Alaska Range, SH = high elevation sites south of the
Alaska Range, SL = low elevation sites south of the Alaska Range. Voucher collection numbers for taxa
newly reported are listed if total number of collections was five or less. Taxa not previously reported, but
for which unpublished sources were found are annotated with their source in paratheses following the
commonness rating.

Annotations follow for those taxa whose discovery in DNPP is especially noteworthy, that are
documented for the first time in the Alaska Range and/or represents a range extension into interior
Alaska. The number that corresponds to the species annotation and distribution map is listed in brackets
after the commonness rating. If collections were more than five, and thus were not listed in the species
list, then they are listed in the annotation. Collection locality coordinates listed in the annotations are
shown in Table 2.

ANNOTATIONS
1) Andreaea blyttii — ALASKA RANGE: on limestone rubble, east fork of the Bull River. A moss known in Alaska
mainly near the coast, this species usually occupies rocks at edges of snowmelt areas (Zander 2007). Our site is
approximately 180 km west of the only other known Alaska Range locality (Smith 2137, B68519).

2) Anoectangium aestivum — KUSKOKWIM MOUNTAINS: on rock outcrop in pure birch forest, Roosevelt Hills. This
species is reported previously from coastal localities in southern Alaska, two Brooks Range locations in northern
Alaska (Schofield 77950, B39719), and near the Yukon border (Sharp 58227, B75980). This locality connects the
species range from disjunct stations approximately 390 km to the north and 410 km to the south.

3) Arctoa fulvella — ALASKA RANGE: Gorge Creek, Nelson 07-474; Mt. Healy, Stehn 06-264; Polychrome Pass,
Scelza 07-609; Rock Creek, Walton 5312; SOUTH CENTRAL MOUNTAINS: West Fork Yentna River, Walton 14520,
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Tokosha Mountains, Walton 15087. This is an arctic-alpine species with a bipolar distribution (Ochyra and Buck
2003). A. fulvella is found on rocks and is usually associated with late snow beds (Flora of North America Editorial
Committee 2007). In DNPP, it occurred both north and south of the Alaska Range primarily in the high alpine
(>1100 m), 220 km northwest of the nearest locality in Prince William Sound (Viereck 2282, NY91427).

4)  Atrichum selwynii — ALASKA RANGE: on mineral soil, vicinity of the Ruth Glacier terminus; vicinity of the
Tokositna Glacier terminus. This species is a western North American endemic, and is the most common member of
its genus (Flora of North America Editorial Committee 2007). However, Atrichum spp. are considered rare in the
interior (Schofield personal communication 2007) and the two DNPP collections are the only known from Alaska
outside of the south east, the nearest being 1000 km away on Chichagof Island (Wagner 4299, DUKE130871).

5) Buxbaumia aphylla — ALASKA RANGE: on soil bank, Rock Creek. Although this species is considered
widespread, it is rarely collected. Our collection is the 5™ report in Alaska, and is approximately 165 km SW of the
nearest known locality at Wickersham Dome (Murray 6155, NY173347).

6) Campylopus schimperi —ALASKA RANGE: in dry, rocky, Dryas sp. tundra on steep slopes, Gorge Creek; Kankone
Peak. This species is considered rare, with a widespread distribution in arctic-alpine habitats, and was known
previously in Alaska only from arctic and coastal regions (Frahm and Vitt 1978). Most of the occurrences of C.
schimperi worldwide are located in or near unglaciated areas or glacial refugia (Frahm and Vitt 1978). One DNPP
locality was Kankone Peak in the Kantishna Hills, a region whose vascular plant flora hosts a set of coastal disjuncts
and is the southern range limit of a few arctic species (Roland 2004). The other DNPP locality was Gorge Creek, a
nearby alpine area in the Alaska Range proper, <30 km southeast of Kankone Peak.

7) Dicranum flagellare — COOK INLET LOWLANDS: on rotting wood in mixed birch-spruce forest, vicinity of the Ruth
Glacier terminus. This collection, composed predominately of flagelliform branchlets, is the second locality reported
for Alaska, and the westernmost occurrence for the species in North America. The other Alaska locality for D.
flagellare is 70 km west of the Yukon border near the Tetlin National Wildlife Refuge, 400 km SW of the DNPP
locality (Schofield and Talbot 118087, DUKE78491).

8)  Grimmia torquata — ALASKA RANGE: Kankone Peak; KUSKOKWIM MOUNTAINS: on rock outcrop, Castle Rocks.
This species is intolerant of high temperatures, and generally restricted to cool and dry microsites (Hedderson and
Brassard 1990) within its arctic-montane and coastal distribution. The nearest locality is near Girdwood, Alaska 280
km to the southeast (Schofield 109955, B168940).

9) Hypnum procerrimum — ALASKA RANGE: Primrose Ridge. This species has an arctic-alpine distribution in North
America (Schofield 1972), and is found on moist alkaline mineral soil (Bird 1962). The nearest locality for the
species is 230 km to the north, near Wickersham Dome in the White Mountains (collected by Sherrard, as cited in
Persson and Gjérevoll 1957). Our high elevation collection (1379 m) represents a significant southward range
extension. This species has also been reported at high elevation stations in the Rocky Mountains of Canada.

10) Iwatsukiella leucotricha — COOK INLET LOWLANDS: on tree bases in mixed birch-spruce forest, vicinity of the
Ruth Glacier terminus, Walton 11657, Walton 11667; KUSKOKWIM MOUNTAINS: on partially shaded rock outcrop in
birch forest, Roosevelt Hills, Walron 11658; all listed collections have sporophytes. This species occurs in
northwestern North America including coastal, interior, and arctic Alaska, coastal British Columbia, Washington, and
Oregon. I.leucotricha’s habitat in Alaska is on conifer and deciduous tree bases and alder, usually as individual
strands or small mats (Schofield et al. 2002). The only previous North American specimen of this species with
sporophytes was collected on Chisik Island near the mouth of Prince William Sound in southwestern Alaska (Talbot
and Talbot 88-1375L, B127140; reported in Schofield et al. 2002). Collections reported here include the first with
sporophytes from mainland Alaska. The locality at the Ruth Glacier terminus is 300 km NW of the Chisik Island
locality.

11) Neckera pennata — ALASKA RANGE: rock outcrop at the Savage River, Walton 8177; COOK INLET LOWLANDS: on
Populus sp., Midway Lakes, Nelson 08-436, Walton 11335, Walton 11338; base of Mt. Kliskon, East Fork Yentna
River, Nelson 07-1025. A temperate disjunct (Steere 1976), this species occurs in rock crevices or on shaded rock
walls. The nearest collection localities are 170 km to the north and south, and there is one other Alaska Range
locality (280 km to the east in the Tetlin National Wildlife Refuge; Schofield and Talbot 118323, DUKE96533).

12) Oligotrichum falcatum — ALASKA RANGE: Kantishna Hills in the Upper Bearpaw River. A rare species known in
our region only from arctic Alaska and a few localities in the Yukon Territory, this species was originally described
from the Brooks Range (Steere 1958). The nearest locality to DNPP is located 580 km to the east in the Oglivie
Mountains of the Yukon Territory (Vitt 16702, B18847).

13) Rhodobryum roseum — SOUTH CENTRAL MOUNTAINS: among leaf litter and on large boulders (>1 m across) in
riparian fern meadows, Cascade Creek. Our collection represents a significant range extension inland, 200 km
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northwest of the nearest locality, on the Kenai Peninsula (collected by Iwatsuki and Sharp as cited in Iwatsuki and
Koponen 1972).

14) Scouleria aquatica — SOUTH CENTRAL MOUNTAINS: on rocks in alpine rivulets, West Fork Yentna River. A large
moss that grows on rocks along stream banks, S. aquatica occurs in northwestern North America from coastal Alaska
south to California and inland to the Rocky Mountains with interior stations in the Yukon Territory and British
Columbia (Churchill 1985). These collections are the first reported from interior Alaska and represent a significant
range extension inland, approximately 200 km north of the nearest known locality proximate to Girdwood (as
mapped in Churchill 1985).

15) Tetrodontium repandum — ALASKA RANGE: on tundra, Kantishna Hills in the Upper North Fork Canyon Creek.
This species has been found only a few times in Alaska, and is considered a rare temperate disjunct (Steere 1976)
known to have survived in Quaternary glacial refugia in the arctic and sub-arctic (Hedderson and Brassard 1992) and
may be overlooked elsewhere (Schofield et al. 2002). The nearest locality is 420 km south on Chisik Island
(Schofield and Talbot 98763, DUKE97138).

16) Tortula leucostoma — ALASKA RANGE: east fork of the Bull River; near the base of Mt. Healy; near peak above
Cantwell; Upper Stony Creek. This species is often associated with late-lying snow beds in alpine areas (Schofield
1976), which describes its’ habitat in DNPP, where it occurred on rocky slopes above 1000 m. 7. leucostoma is
considered part of the high arctic element which probably survived quaternary glaciation at high latitudes in
unglaciated areas (Steere 1965), however, the nearest collection locality to ours is 380 km south on the Kenai
Peninsula (Talbot 144, NY130004).

17) Apomarsupella revoluta — ALASKA RANGE: on seepy mineral soil among large rocks, Mt. Eielson; Primrose
Ridge; Straightaway Glacier. This species occurs in acidic seeps and moist depressions in tundra, and is thought to
be restricted to silicaceous substrates, in interior or continental areas (Vitt et al. 1987). Considered rare in North
America, M. revoluta was known from a single site in Alaska prior to this study. The other Alaskan locality for the
species is 340 km to the south at Tustumena Lake (Talbot 134, NY75894).

18) Asterella lindenbergiana — ALASKA RANGE: on partially shaded, moist, mineral soil near a small rivulet, Mystic
Pass. This is a rare liverwort that occurs above latitudinal or elevational treeline in arctic and subarctic regions
(Schofield 1988). This species has been found once before in the Alaska Range, 350 km east near the Maclaren
Glacier (collected by Shacklette as cited in Persson 1963). Asterella is a new genus to Denali NPP.

19) Frullania tamarisci subsp. nisquallensis — COOK INLET LOWLANDS: on boles of Betula sp., vicinity of Ruth
Glacier terminus. This species is occurs in steep, north-facing slopes moistened with fog and considered a temperate
disjunct (Steere 1976). Ruth Glacier locality is 200 km northeast of nearest locality at Girdwood (Schofield 108885,
B166299).

20) Herbertus dicranus — ALASKA RANGE: on mineral soil, Straightaway Glacier, Walton 11562; Shellabarger Pass,
Walton 15081; Primrose Ridge, Walton 6284. This species is known from hyperoceanic climates (Schofield 2007)
and has a western North American-European distribution, often occurring on moist tundra hillsides, and sometimes
associated with Radula prolifera (Hong et al. 1993). R. prolifera was collected at two of the four H. dicranus
localities in DNPP. The nearest locality to DNPP is 500 km north in the Brooks Range (Steere 74-624,NY74746).
The DNPP localities, both north and south of the Alaska Range represent significant inland range extensions for
Alaska.

21) Lophozia propagulifera — ALASKA RANGE: tundra slope above the East Toklat River. Predominately an Arctic
species of peaty, acid sites (Schuster 1969), L. propagulifera is thought to have survived various glacial advances in
refugia in the Arctic, Greenland and the Midwestern United States (Schuster 1958), though its current known
distribution includes alpine areas in Washington state (Hong 2002). The nearest known locality to Denali NPP is in
the White Mountains, 200 km to the north (as cited in Persson and Gj&revoll 1957).

22) Radula complanata — KUSKOKWIM MOUNTAINS: on rock, Roosevelt Hills. This is a widespread species in the
northern hemisphere (Schuster 1980), and is most commonly found in temperate or oceanic climates on vertical rock
faces, deep rock crevices and the bark of trees. Most of the R. complanata collections from the northern half of
Alaska are from the Arctic slope of the Brooks Range (Steere 1965) and the species is considered a temperate
disjunct (Steere 1976). Our collection, 280 km south of the nearest known locality (Schofield 77915, B39686), was
also found in an area thought to have supported vegetation through the last glacial maximum, the Roosevelt Hills
(Roland 2004).

23) Radula prolifera — ALASKA RANGE: on humic soil, Kantishna Hills in the Upper North Fork Canyon Creek;
Primrose Ridge. This species is frequent in the high arctic, where it likely survived quaternary glaciation (Steere
1965). Radula prolifera is known from north facing steep slopes moistened by fog and seepage channels in sloping
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calcareous fens in (Steere 1976). The nearest locality to our collection is from the White Mountains, 250 km to the
northeast (as cited in Persson and Gj&revoll 1957).

24) Riccardia chamedryfolia — ALASKA RANGE: Lower east fork of the Toklat River; Upper Wigand Creek; Wigand
Creek. R. chamedryfolia is found on various substrates usually near slowly moving or dripping water including
Sphagnum mires, and low lying dwarf birch (Betula nana) communities (Damsholt 2007). The three DNPP locations
of R. chamedryfolia represent, the 4 —7™ collections reported in Alaska, and are 650 km south and inland from the
nearest known locality on the North Slope of the Brooks Range (Steere 18616, NY108516).

DISCUSSION
The majority of the 140 new species documented within the boundaries of DNPP were collected from
north of the Alaska Range at sites difficult to access from the park road (82 new taxa), both at rugged,
high elevation sites in the range proper (27 new taxa) and low elevation sites in the vast expanse of boreal
forest north of the mountains (33 new taxa). Additional taxa were collected from sites south of the
Alaska Range, where little collection effort had occurred in the past (19 new taxa).

We collected a number of species with primarily arctic distributions at high elevations in our study

area. Hypnum procerrimum, Tetrodontium repandum, Tortula leucostoma, and Radula prolifera, for
example, all occurred in sites mostly above 1000 m in elevation. An additional species with a primarily
arctic distribution, Oligotrichum falcatum, was found at a lower elevation (856 m) in the Kantishna Hills,
an area that supports numerous disjunctions of vascular plants (Roland 2004) and some moss species (e.g.
Gollania turgens (Ando et al 1957) and Seligeria polaris (Persson and Weber 1958)). Tortula
leucostoma, which (along with Oligotrichum falcatum) is thought to have weathered Pleistocene
glaciation in the arctic and other unglaciated areas (Schofield 1980), was found in DNPP at four high
elevation (>1000 m) rocky alpine sites, perhaps as evidence of recolonization of preferred habitats
following deglaciation.
We collected a number of species with generally northern coastal distributions, including the mosses
Rhodobryum roseum and Scouleria aquatica, and the liverworts Asterella lindenbergiana and Frullania
tamarisci subsp. nisquallensis, at sites south of the Alaska Range in DNPP. The climate of DNPP south
of the Alaska Range is transitional between maritime and continental, with nearly twice the mean annual
precipitation and about 3°C warmer mean annual temperature than areas north of the Alaska Range
(Shulski and Wendler 2007). Additional moss species previously known to have coastal distributions
were collected north of the Alaska Range at sites of biogeographical significance. Anoectangium
aestivum was found in the Roosevelt Hills, an area that was likely unglaciated during the last glacial
maximum (Briner and Kaufman 2008), and Campylopus schimperi was found at high alpine sites (1149
and 1224 m) in the Kantishna Hills and alpine outer range.

Our current contribution to the knowledge of bryophyte species presence in DNPP is significant, but
it remains likely that additional taxa will be discovered in this large and diverse region in the future.
Particularly south of the Alaska Range, where our sampling was both limited (see Table 1) and targeted
on specific habitats, it is likely that additional taxa will be discovered. Forty-five taxa on our expected
species list remain undiscovered, 13 with a high or medium expectancy and 32 with a low expectancy.
More thorough investigation of particular sites of biogeographical significance north of the Alaska Range
in particular, such as the Kantishna Hills and Roosevelt Hills, may yield further new discoveries with
additional inventory work.

Considerable bryological work has now been performed in many regions of Alaska, including the
Aleutian Island chain (Schofield et al. 2002, 2004), the Kodiak archipelago (Peterson et al. 1980), the
southeastern panhandle (Worley 1972), the arctic (e.g. Sherrard 1955, Schofield 1972, Steere and Inoue
1978, Murray and Murray 1975) and the interior. Much of this work has occurred after the publication of
the most recent state checklists (Worley and Iwatsuki 1970, Worley 1970), in some cases adding
additional species, and in all cases broadening our knowledge of bryophyte species distributions within
Alaska. Additional work in surrounding regions (e.g. the Yukon, Vitt et al. 1987, and the Northwest
Territories, Vitt and Horton 1979) has also increased our understanding of bryogeographical patterns by
examining the distribution of particular species across regions. An updated checklist of Alaskan
bryophytes may now be in order given the significant accumulation of recent work in this field cited
above. Indeed, such a summation of current knowledge regarding bryological patterns in the North
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24. Riccardia chamedryfolia

Figure 2. Species occurrences from vouchered collections in Alaska, Yukon Territory, Northwest Territories,
British Columbia, Alberta, Washington, Oregon, and eastern Russia. Plus signs indicate collections recorded as
part of Denali National Park and Preserve vegetation monitoring or nonvascular inventory (2001-2011).
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