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ABSTRACT

In 2003 the Alaska Natural Heritage Program (AKNHP) conducted vascular plant field 
inventories in Kenai Fjords National Park in accordance with a cooperative agreement with the 
National Park Service. The primary goal was to document greater than 90% of the vascular plant 
species expected to occur within the Park and significantly improve our understanding of current 
species distributions. The inventory targeted diverse habitat types and poorly-sampled areas. The 
AKNHP staff visited the primary ecogeographic regions and sampled intensively within these 
regions from early July to early August, 2003. A total of 561 specimens were collected, recorded, 
and pressed. Duplicate or triplicate sheets are present for many of the specimens. Three hundred 
twelve (312) unique taxa are represented, and 201 are new records for the Park. Prior to 2003, 
217 taxa were known from an estimated expected total of 543. Thus, ca. 40% of the expected taxa 
were previously known. After the 2003 field season, the number of known taxa nearly doubled to 
418. This represents 77% of vascular plant taxa expected in the Park. A number of finds were
significant range extensions or taxa of conservation concern. Collections were made of four
globally or regionally rare species: a rare scurvy grass, Cochlearia cf. sessilifolia (G1Q-S1); a
rare bog orchid, Platanthera chorisiana (G3-S3); a rare poppy, Papaver alboroseum (G3G4-S3);
and two rare sedges, Carex phaeocephala (G4-S1S2), and Carex lenticularis var. dolia (G5T3Q-
S3). Twelve minor range extesions were found, representing new records for the Kenai Peninsula.
Cerastium fontanum (mouse-ear chickweed) and Poa annua (annual blue grass) were the only
introduced plants collected in the Park.
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EXECUTIVE SUMMARY 
 

The Inventory and Monitoring Program (I&M) of the National Park Service supported vascular 
plant inventories to document the occurrence, distribution, and relative abundance of plants 
occurring in the Southwest Alaska Network. The Southwest Alaska Network (SWAN) includes 
Lake Clark National Park and Preserve (LACL), Katmai National Park and Preserve (KATM), 
Alagnak Wild River (ALAG), Aniakchak National Monument and Preserve (ANIA), and Kenai 
Fjords National Park (KEFJ). The inventory was developed to provide baseline information for 
future monitoring and management of natural resources within the SWAN. In 2001, 2002, 2003, 
and 2004 the University of Alaska Anchorage (UAA), Alaska Natural Heritage Program 
(AKNHP) conducted field inventories in LACL, KATM, ALAG, KEFJ, and ANIA under 
Cooperative Agreement No. 1443CA991000013, Modifications 10, 13, 17, and 30. The primary 
goal was to document 90% or more of the vascular plant species expected to occur within the 
parks and significantly improve our understanding of current species distributions. The 
inventories targeted diverse habitat types and poorly sampled areas. This report covers inventories 
in Kenai Fjords National Park. Discussions of inventories in LACL, KATM, ALAG, and ANIA 
units are covered in separate reports (Lipkin 2002, Carlson et al. 2003, Carlson et al. 2004, 
Carlson et al. in prep.). 

 
Following an analysis of previous floristic surveys, we noted that nearly all collections were from 
low elevations in the northeast corner of the Park (Exit Glacier area and Aialik Bay) and the 
extreme southern end of the Park (Nuka Bay); large ecogeographic areas had not been 
inventoried. After discussions with National Park Service personnel and the Alaska Plant 
Inventory Working Group, gaps were identified and floristic sampling areas targeted. Much of 
KEFJ is glaciated or comprised of nearly vertical rock-faces, limiting possible sampling areas. 
This information was taken into account when identifying sites to inventory. Collection sites in 
the southwest region of the Park were concentrated at Nuka Bay and McCarty Fjord. For the 
central and northeastern portion of the Park, collection sites were located at Paguna, Harris, and 
Aialik Bays. Last, we chose two high elevation regions (Resurrection River highlands and Upper 
Nuka River) to focus on alpine and more interior-associated taxa. The location of collection sites 
covers most geographic regions and plant community types of KEFJ, with the exception of 
nunataks in the Harding Icefield, which are difficult and expensive to access. 

 
While in remote collection regions, we inventoried by hiking to as many habitat types and 
geographic areas as possible and collecting specimens that were known to be new records or that 
were considered significant. Access to coastal collection sites was by the NPS vessel Serac. 
Higher elevation sites at Placer Creek and Nuka River were accessed by helicopter. At each 
collection site, data were gathered on site characteristics, including latitude and longitude, 
associated species, soil conditions, etc. Plants were then pressed and dried and catalogued at the 
Alaska Natural Heritage Program. Final taxonomic determinations and herbarium mounting of 
specimens were done by staff of the University of Alaska Fairbanks Museum. 

 
A total of 561 specimens were collected, recorded, pressed, and curated by AKNHP in 2003. 
Duplicate or triplicate sheets exist for many of the specimens. A total of 312 individual taxa are 
represented and 201 are new records for the Park (an additional 34 are taxa that were previously 
reported but unverified). Roughly, 40% of taxa expected to occur in the Park were known prior to 
2003. Following our fieldwork the percentage of known taxa increased to 77%. Twelve taxa 
represent records filling in moderate to large gaps in their distributions. Collections were made of 
a number of globally or regionally restricted species: Cochlearia cf. sessilifolia (G1Q-S1), 
Platanthera chorisiana (G3-S3), Papaver alboroseum (G3G4-S3), Carex phaeocephala (G4- 
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S1S2), and Carex lenticularis var. dolia (G5T3Q-S3). Additionally, collections were made of two 
introduced species in Alaska (Cerastium fontanum and Poa annua). 

 
Key Words – 
Kenai Fjords National Park, inventory, vascular plants, rare plants, non-native plants 
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INTRODUCTION 

An Inventory and Monitoring (I&M) Program for the National Park Service (NPS) was 
established by the US Congress in 1992. The goal of NPS and the I&M program is to establish 
baseline information on, and monitor long-term trends in, natural resources in the parks. 
Biological inventories were conducted to establish data to be used in future monitoring programs, 
make management decisions, conduct research, and educate the public. To meet these objectives, 
NPS established three program goals: 

 
• Document at least 90 percent of the species of vertebrates and vascular plants expected to 

occur in the park, 
• Describe the distribution and abundance of species of special concern (e.g., rare or 

invasive species), and 
• Provide information necessary to establish a monitoring strategy, with special reference 

to particular threats and resource issues within each park. 
 

The Alaska Natural Heritage Program (AKNHP) conducted the vascular plant inventory 
component of the I&M program of the Southwest Alaska Network (SWAN). In 2001 AKNHP 
botanists inventoried the vascular flora of Lake Clark National Park and Preserve, and in 2002 
AKNHP botanists inventoried the floras of Katmai National Park and Preserve and Alagnak Wild 
River. In 2003, AKNHP botanists and NPS biologists visited specific regions of Kenai Fjords 
National Park to complete vascular plant inventories. The final SWAN unit was Aniakchak 
National Monument and Preserve, which was inventoried by AKNHP in 2004. The following 
report outlines pertinent information from the Kenai Fjords National Park inventory, including the 
regions inventoried, methods employed, the flora encountered, and a discussion of the importance 
of those finds. 

 
Ecological and Geological Background 

 
Kenai Fjords National Park is an extensive, geologically young and dynamic glacial fjord system. 
It is backed by the Kenai Mountains, possessing the largest ice sheet entirely in Alaska and 
flanked by the Gulf of Alaska to the south (see Mann 1998 for a discussion of geology and 
ecological context). The 607,805 million-acre park is one of the most dramatic large-scale glacial 
retreats in the world, providing unparalleled opportunities for scientific study of ecosystem 
development. 

 
The Park is dominated by bedrock exposures resulting from tectonic activity and extensive glacial 
erosion, creating a system of deep, exposed fjords and short, steep rivers (Mann 1998). The 
region has a strong climatic gradient: warm and wet conditions prevail on the southeast side of 
the Harding Ice Field and cool and drier climates dominate the northwestern side of the 
mountains. The region supports a relatively species poor northern Pacific coastal biome. The area 
does, however, represent the northern range limit for many plant species (Viereck and Little 
1972). Coastal coniferous forests of Sitka spruce (Picea sitchensis) occur in a discontinuous band 
throughout the rugged landscape near the northern and western limits of their range. These stands 
largely lack the presence of western hemlock (Tsuga heterophylla) so characteristic of Sitka 
spruce forests further south and east. Extensive shrub lands of alder and salmonberry dominate 
the steep side slopes. At higher elevations, grassland and alder mosaics give way to alpine tundra 
and exposed barrens. 
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This diversity and dynamism of habitats is reflected in the Park’s fauna of 29 terrestrial 
mammals, 11 marine mammals, over 150 species of birds, and many species of marine fishes. 
The lands now encompassed in the Park have been important subsistence and village sites of the 
Unegkurmiut for many centuries (for more discussion, see Crowell and Mann 1998). 

 
METHODS AND MATERIALS 

The AKNHP's vascular plant inventory in Kenai Fjords National Park occurred from 7 July to 1 
August, 2003. Compilation of the expected taxa list, site selection, and sampling design preceded 
field work and was initiated in January of 2002. 

 
Expected and Known Taxa 

 
To gauge progress toward achieving 90% documentation of the expected flora, an informed list of 
known and probable taxa was first required. Plant collections from the herbarium of the 
University of Alaska Museum (ALA) and from the herbaria of the various park units (ANCS+ 
database) were compiled in a database, along with selected collections from other herbaria, 
additional observations, and floristic lists from published and unpublished literature. Collections 
from ALA were verified for both taxonomic identification and geographic location. Collections 
from ANCS+ were largely unverified by floristic experts for both taxon and geographic location. 
The records were used by AKNHP to develop lists of taxa known from or expected to occur in 
the park units. Taxa that were known only from unverified collections or from observations (in 
particular by NPS biologist Bud Rice) or literature citations were recorded as "Unconfirmed." 

 
Compiling the expected species list for areas that are poorly known is replete with difficulties. 
We included documented taxa that occurred within 50 km of the park units. This is a very rough 
approximation of taxa actually present in the Park. Even after revisions were made (based on 
likely habitats and geography) the list undoubtedly omits taxa in the units and includes taxa that 
are not present. Taxa known from within 50 km of the Park boundary, or that were expected to 
occur in the Park for other reasons, were recorded as "Probably Present." Using these criteria we 
initially determined that the percentage of the total expected flora known to be present in the Park 
was 41%. This initial analysis did not fully account for taxonomic synonyms in the list. 

 
For hundreds of years botanists have tried to create natural classifications that are stable. 
However, ideas about taxonomic relationships are continually being reevaluated and often the 
same biological entity is described by different authors and given different names. Thus, the 
biological names are in a constant state of flux. This nomenclatural confusion has been identified 
as a research priority that is fundamental to ecosystem management and biodiversity 
conservation. This primary need, noted by the White House on Biodiversity and Ecosystem 
Dynamics Subcommittee, requires improvements in the organization of, and access to, 
standardized nomenclature. ITIS (originally referred to as the Interagency Taxonomic 
Information System: http://www.itis.usda.gov/) was designed to fulfill these requirements. 

 
We used the standardized nomenclature of ITIS to eliminate all taxa that were recorded more than 
once. For example, there is one currently accepted name for Sitka alder, Alnus viridis ssp. 
sinuata. However, the unaccepted synonyms A. crispa ssp. sinuata and A. sinuata were also 
present on the list, as well as A. crispa (Alnus crispa is a synonym for A. viridis ssp. crispa, a 
taxon restricted to eastern North America). We reanalyzed the list to remove the large number of 
synonyms that artificially inflate the diversity in the park. Synonyms were eliminated from the 
“Probably Present” list if found on the “Unconfirmed” list. If synonyms were found on the 

http://www.itis.usda.gov/)


KENAI FJORDS NATIONAL PARK VASCULAR PLANT INVENTORY 

3 

 

 

 
 

“Present” list, then synonyms were removed from both the “Probably Present” and 
“Unconfirmed” lists. 

 
After synonym removal, the number of taxa expected to occur in KEFJ dropped from 573 to 543. 
Of the 543 taxa, 127 were listed as “Present.” A total of 326 were listed as “Probably Present,” 
and 90 were listed as “Unconfirmed.” This indicates that 40% of the expected flora was 
documented prior to AKNHP fieldwork. ITIS names are used in this document, with names used 
in Hultén (1968) included parenthetically for commonly encountered species that NPS personnel 
may be more familiar with. 

 
Floristic History of Kenai Fjords National Park 

 
The earliest known collections of vascular plants from the Kenai 
Fjords area are from 1932 (G. W. Gasser and E. Hultén; NPSpecies 
2004). More numerous collecting occurred in the Seward to Moose 
Pass area from 1939 to 1941 by J. P. Anderson (Fig. 1), A. Nelson, 
and R. A. Nelson. From 1979 on, botanists such as R. H. Day, A. A. 
Hoover, and M. McNulty began visiting the area that is now 
included by the Park. In general, collections have been haphazard 
and opportunistic. NPS biologist, Bud Rice made more extensive 
collections throughout the Park in the 1980’s and 1990’s. Most of 
these collections have not been verified. Nearly all species known in 
the Park were collected in the vicinity of Aialik Bay, West Arm, and 
Exit Glacier. Figure 2 shows AKNHP collections from 2003 and 
previous collections in KEFJ and surrounding areas. 

Figure 1. Early Alaskan 
botanist Jacob P. Anderson. 
Photo by Maxcine Williams / 
Alaska State Library. Portrait 
Collection PCA 01-406. 1900). 
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Figure 2. Kenai Fjords National Park. Plant collection locations by AKNHP botanists in 2003 are shown as circles; approximate 
locations of previous collections in and adjacent to KEFJ are shown as triangles; KEFJ boundary is displayed as a yellow line. Inset 
map shows KEFJ relative to Alaska. 

 

 

 

Sampling Design 
 

In order to attain the goal of documenting 90% of the expected flora, we used the reconnaissance 
method of floristic survey. This method was recommended as the best approach for plant 
inventories in all Alaska parks by the wide group of botanists at the Alaska Plant Inventory 
Working Group September 2000 meeting; the general methodology is also supported by Catling 
and Reznicek (2003). The reconnaissance method involves identifying survey areas within 
landscape units via spatial analysis using the following key criteria: 

 
• regionally unique geological or geomorphologic features 
• communities or habitats of biological concern 
• likely habitats of expected species, as indicated by regional floras and Park collections 
• under-represented plant communities in existing inventories 
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• logistical feasibility (e.g., access, cost) 
• potential of certain types of sites to maximize species and communities encountered (e.g., 

ecotones, high environmental gradient areas) 
 

We selected collection sites to represent the range in variability of ecoregional subsections 
(Tande and Michaelson 2001), landcover types, wetlands, plant associations, and vascular plant 
species diversity within KEFJ. Collection sites were explored by covering the region by foot and 
by carefully examining all the plant species to identify those that were new or noteworthy. 
Greater time and effort was expended in high diversity and high environmental gradient areas. 

 
This targeted, judgment-based approach is an efficient way to locate populations of species of 
special concern based on known habitat preferences and patterns of distribution. As surveys 
progressed, the list of species of special concern was refined, as well as knowledge of species’ 
habitat and geography. 

 
Site Descriptions 

 
Based on the sampling design criteria, we concentrated our inventory on the KEFJ coastline, 
Nuka River Pass, and the Resurrection River (Fig. 3). 

 

Figure 3. Landsat image of KEFJ, showing regions (yellow outlined polygons) and specific collection sites by AKNHP (circles). 
Previous collections are shown as triangles. 
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It is impractical to discuss each of the nearly 120 collection sites from 2003, so we discuss 
collections associated with particular habitat types for the Coastal Fjord, Nuka River Pass, and 
Resurrection River sampling regions. 

 
Coastal Fjord Region 

 
Areas from the southwesterly Park border at the West Arm of Nuka Bay to the northeast border of 
the Park at Resurrection Bay were inventoried between 7 July and 22 July 2003 by six NPS and 
AKNHP botanists and ecologists. A few collections were known from the southerly and northerly 
portions of this region prior to 2003. We collected specimens from nearly 50 sites throughout the 
unit. Figure 4 shows the region covered and specific locations of all collection sites, which were 
accessed by the NPS vessel Serac and by foot. The primary habitat types encountered at low 
elevations were beach and halophytic-sedge meadows, exposed bedrock cliffs, coastal headlands, 
spruce forests, wet sedge meadows and fens, and alder-salmonberry thickets. At higher elevations 
alder-salmonberry thickets, wet sedge meadows and fens, and ericaceous shrub/forb meadows 
were common. At the highest elevations (500 to 700 m), herbaceous-dwarf shrub tundra and 
exposed scree slopes were dominant. 

 
Figure 4. 2003 collection sites in the Coastal Fjord Region (orange circles) and Nuka River Pass (violet circles). Approximate 
locations of previous collections are shown as blue triangles. 
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The geology and physiography of the Coastal Fjord Region is an intricate system of fjords, 
drowned cirques and rugged mountains. Holocene granites and granodiorites are the dominant 
parent material, except the outer Aialik, Harris, and McCarty Peninsulas, where undifferentiated 
Cretaceous sedimentary rocks are found (Tande and Michaelson 2001). The up-bay granitic areas 
of the coastal region are more heavily shaped by glacial action and erosion. Quaternary deposit 
features such as tidal flats and marshes, beaches, sand and gravel floodplains, and river deltas are 
only found in protected areas (Tande and Michaelson 2001). 

 
In the Coastal Fjord Region we made 379 
collections from the following habitats: 

 
• Intertidal and supratidal zone (elev. 0-12 

m) – Many of specimens were collected 
from mud flats and shingle beaches across 
the west side of the Park. We also made 
collections in supratidal halophytic 
grass/forb meadows from numerous sites. 
The mud flats and shingle beaches were 
primarily fine silt or cobble beaches 
dominated by open stands of beach rye 
and seabeach sandwort. Dominants 
included Puccinellia nutkaensis, 
Honckenya peploides, Argentina egedii (= 
Potentilla egedii), and Plantago maritima 
(Fig. 5). Honckenya peploides and Leymus 
mollis (= Elymus arenarius) were 
abundant in the upper tidal zone. In 
supratidal meadows Leymus mollis, Carex 
lyngbyei, Phleum alpinum, Ligusticum 
scoticum, Angelica lucida, and Lathyrus 
maritimus were common. Numerous 
collections were made in brackish 
estuaries from McCarty Fjord to Aialik 
Bay (Fig. 6). 

 

Figure 5. Intertidal and supratidal zones along a high 
energy beach of the Coastal Region. Honkenya peploides, 
Leymus mollis, and Lathyrus maritimus are the dominant
species along the upper strand. Alnus viridis and Picea 
sitchensis are the primary woody species above the tidal
communities. 

Figure 6. Supratidal estuary at Pedersen Lagoon. A 
diversity of salt tolerant graminoid and forb species are 
present in this habitat on the back side of the beach ridge. 

• Sitka spruce-hemlock and alder forests 
(elev. 9-45 m) – Just above the supratidal zone, a band of Sitka spruce forest was 
dominant in many areas of the park. This zone generally transitioned into alder at higher 
elevations. Soils were moist and organic with a substantial layer of mosses. Species 
diversity was generally low. The dominant species associated with the habitat were Picea 
sitchensis, Alnus viridis, Vaccinium ovalifolium, Rubus pedatus, Oplopanax horridus (= 
Echinopanax horridum), Moneses uniflora, Prenanthes alata (Fig. 7). 

 
• Peat lands (elev. 35-180 m) – Mid-elevation peat lands, including rich Sphagnum fens 

and steep “hanging” fens were sampled in the North Arm of Nuka Bay, Chance Cove, 
McCarty Fjord, and Northwestern Lagoon, and dominated by Carex pauciflora, 
Nephrophyllidium crista-galli (= Fauria crista-galli), Drosera rotundifolia, Gentiana 
douglasii, Eriophorum angustifolium, Trichophorum caespitosum, and Vaccinium 
uliginosum. 
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Figure 7. Mid-elevation, well developed spruce and
mountain hemlock forest, with a strong shrub and moss 
component in Paguna Arm. 

Figure 8. Side slope meadows in alder, rocky outcrop 
mosaic, Paguna Arm. 

• Side slope meadows (elev. 20-300 m) – habitats in spruce forests and alder shrub lands 
occurred in avalanche chutes, mid-elevation stream margins, and lush subalpine meadows 
(Fig. 8). Over 100 specimens were collected from this habitat type. Slopes ranged from 5º 
to 25º. Soils were generally moist. In the wettest sites the dominant vascular plants were 
Nephrophyllidium crista-galli, Iris setosa, and Sanguisorba stipulata. Alnus viridis ssp. 
sinuata, Rhodiola integrifolia, Carex macrochaeata, Heuchera glabra, and Saxifraga 
bronchialis were associated with moist talus sites. 

• Aquatic habitats (elev. 0-400 m) – We paid special attention to ponds and streams 
throughout the Park. Substrates were generally fine silt and mud in ponds, ranging to 
coarser sands and gravels in streams. Species richness was generally low, and the species 
collected was often dominant (e.g., Equisetum fluviatile at Delight Lake). 

• Alpine heath-meadows and low-elevation 
tundra (elev. 350-470 m) – High elevation 
alpine slopes and tundra habitats were 
encountered throughout the coastal portions 
of KEFJ. These sites were generally steep, 
mesic ericaceous tundra composed of 
species of heather: Harrimanella stelleriana 
(= Cassiope stellariana), Cassiope 
mertensiana; and various forbs and 
graminoids such as Luetkea pectinata 
Nephrophyllidium crista-galli, Geum 
calthifolium, Carex macrochaeta, Saxifraga 
lyalii, and Luzula spp. (Fig. 9). One lower 
elevation (60 m) site was an open rocky 
ericaceous tundra habitat, dominated by 

Figure 9. Alpine heath-meadows, talus, and rocky 
outcrops, McMullen Cove, 430 m elevation. 

Erigeron peregrinus, Loiseleuria procumbens, and Vaccinium uliginosum. 
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Nuka River Pass Region 
 

In the southwest portion of KEFJ the Nuka River connects the coastal region with the interior of 
the Kenai Peninsula in a broad pass. This alpine pass appears to have opened recently due to the 
retreat of Nuka Glacier. It is the only ice-free corridor south of Resurrection River connecting the 
coastal region with the rest of the Kenai Peninsula, and is heavily used by moose, bears, and other 
mammals (M. Carlson, personal observation). The Nuka River drains south across a broad, gently 
sloping pass before dropping into Beauty Bay. This pass is 375 m in elevation at the base of the 
Nuka Glacier, with steep surrounding peaks rising to over 1,000 m. Hanging glaciers are common 
east and west of the river. Surficial rocks are primarily silt stones, with glacial-fluvial deposits in 
valley bottoms. 

 
The region was inventoried on 28 to 31 July 2003. Figure 10 shows the region and the specific 
locations of the collection site. The primary habitat types encountered were moist forb-graminoid 
meadows, herbaceous-dwarf shrub tundra, and barren slopes (including gravel bars, scree slopes, 
and rocky outcrops). 

 
Figure 10. 2003 collection sites in the Nuka River Pass Region (violet circles). Approximate locations of previous collections are 
shown as a blue triangle. 
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• Moist forb-graminoid meadows (elev. 400- 
800 m) – Commonly associated species 
within these sedge, grass, and forb- 
dominated meadows (Fig. 11) were 
Geranium erianthum, Erigeron peregrinus, 
Castilleja unalaschensis, Artemisia arctica, 
Aconitum delphiniifolium, Achillea borealis, 
Carex macrochaeta, Carex nigricans, 
Vahlodea atropurpurea, Geum calthifolium, 
Gentiana platypetala. Scattered shrubs were 
also found in this habitat type and included 
Luetkea pectinata, Empetrum nigrum, Salix 
barclayi, and S. rotundifolia. Soils ranged 

Figure 11. Moist forb-graminoid meadow along 
Nuka River. 

from saturated to moist and had a well developed organic layer. Slopes were generally 
less than 15º. 

 
• Dwarf shrub-forb tundra (elev. 400-980 m) – At mid- to higher elevations we 

encountered alpine tundra with a greater shrub component. These sites were often 
dominated by the ericaceous shrubs bog blueberry (Vaccinium uliginosum) and 
crowberry (Empetrum nigrum), along with Artemisia arctica, Bistorta vivipara, Geum 
calthifolium, Dryas integrifolia, Festuca altaica, Hierochloe alpina, Lloydia serotina, 
Oxytropis nigrescens, and Salix rotundifoia (Fig. 12). We made a few collections in 
dwarf shrub tundra snowbeds. These sites were wet, cool, and lacked a southern 
exposure. They were dominated by Luetkea pectinata, Phyllodoce aleutica, and Carex 
macrochaeta. Soils were moist and acidic with a thick organic layer. 

 

Figure 12. High elevation dwarf shrub tundra, dominated by Empetrum 
nigrum, Arctostaphylos alpina, Vaccinium uliginosum, and Harrimanella 
stellariana. 

• Open barrens (elev. 375-795 m) – Numerous collections were made in a diversity of 
open, sparsely vegetated terrain. This included gravel bars along Nuka River and its 
tributaries, steep crumbling slopes of fine grained soil, scree slopes, and rocky outcrops 
(Fig. 13). Associated species were varied, but often included two dwarf willows: Salix 
arctica and S. reticulate, as well as Artemisia arctica, Bistorta vivipara, Saxifraga 
bronchialis, and Silene acaulis. Soils were nearly devoid of organics and ranged in 
texture from fine silt to large river cobbles and rocky outcrops. Slopes ranged from 
negligible on gravel bars, to over 35º on scree slopes, of both east and west aspects. 

Figure 13. High elevation scree slope 
(open barrens) habitat in the Nuka 
River Pass. 
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Resurrection River Region 
 

The Exit Glacier and Placer Creek areas were surveyed in the Resurrection River Valley on 25-27 
July and 1, 2 August 2001. Nearly 100 specimens were collected from the region, including low 
elevation (100 m) as well as high elevation sites (1,100 m). Figure 14 shows the region covered 
and specific locations of all collection sites. The primary habitat types encountered at low 
elevations were wetlands and spruce forests. At higher elevations (500 to 1,100 m) we 
encountered dwarf shrub-forb tundra. 

 
The Resurrection River is a broad river valley, bisecting the Kenai Mountains, east to west. This 
area has high, steep mountains, rising to over 1,000 m in elevation. The valley itself is lower in 
elevation than Nuka River Pass and is composed of late seral coniferous forests and peat lands. 
Wide bands of alder and Calamagrostis meadows extend up the mountain slopes to the alpine 
zone. This area also forms an important corridor, linking the interior with coastal biota. 

 
Figure 14. Resurrection River Region. AKNHP 2003 Collection locations are shown as green circles. Previous collections are shown 
as blue triangles. 

 
Upper 
Russian 
Lake 

Placer Creek 

Resurrection 
River 

Exit Glacier 

Gustavus Seward 

Resurrection 
Bay 

N 

0 2.5 5 km 



KENAI FJORDS NATIONAL PARK VASCULAR PLANT INVENTORY 

12 

 

 

 
 
 

• Wetlands (elev. 100-175 m) – Most of the 
wetlands we encountered in the Placer 
Creek and Exit Glacier areas were 
graminoid dwarf-shrub fens (Fig. 15). These 
fens were often small, open peat lands in 
spruce forests that appear to have secondary 
invasions of shrubs such as dwarf birch 
(Betula nana), crowberry (Empetrum 
nigrum), Labardor tea (Ledum decumbens 
and L. palustre), Barclay willow (Salix 
barclayi), cloudberry (Rubus 
chamaemorus), and bog blueberry 
(Vaccinium uliginosum). The commonly 
encountered graminoid species were Carex 
pluriflora, C. magellanica, C. pauciflora, 
and Eriophorum angustifolium. Generally 
there was a thick layer of Sphagnum and 
other moss species, and in some cases water 
was slowly flowing 3 to 15 cm above the 
ground. 

 

Figure 15. Mixed shrub and forb wetland in the 
Resurrection River Valley. 

• Spruce forests (elev. 135-205) – We made a 
number of collections in open Sitka spruce 
and cottonwood woodlands along the 
Resurrection River. Additionally, we 
sampled denser Sitka spruce, devil’s club 
forests (Fig. 16) and along a steep, rocky 
stream in the forest. Soils ranged from 
moist, fine textured, and rich in organics in the forest, to coarser with moderate sized 
cobbles and little organic matter along gravel bars and river cut banks. 

 

Figure 16. Spruce forest community, with an 
Oplopanax horridus understory. 

• Dwarf shrub-forb tundra (elev. 400-1100 m) – At mid- to higher elevations at Exit 
Glacier and Placer Creek we encountered the extensive alpine tundra zone. These sites 
were generally associated with the low shrubs, Arctostaphylos alpina, Dryas 
octopetala, and Empetrum nigrum. Anemone narcissiflora, Festuca altaica, and F. 
brachyphylla (in rocky sites) were the dominant herbaceous species. Soils were generally 
mesic and moderately acidic. The organic layer was often not well developed. Slopes 
were moderately steep (15 - 20º) and northeast-facing. This habitat was similar in 
physiognomy and common species to the dwarf shrub-forb tundra of the Nuka River (see 
Fig. 12). 

 
Field Methods 

 
The field personnel consisted of four teams of two to four people. This included four AKNHP 
botanists: Matt Carlson, Rob Lipkin, Michelle Sturdy, and Bruce Bennett and four NPS ecologists 
and support staff: Bud Rice, Eric Groth, Lucretia Fairchild, and Evelyn Martin. Transportation in 
the Coastal Region was by the NPS vessel Serac. Helicopters were used to access the 
Resurrection and Nuka River Pass Regions. Data and specimens were collected during a 26 day 
field season in the summer of 2003 (8 July to 2 August). 
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At each region we conducted a complete floristic inventory using the following methods: 
• Each region was mapped on an aerial photo or USGS topographic map and a 

georeferenced point was recorded using GPS. The routes surveyed were also mapped. 
Representative photos were taken of each region including the plant communities, 
unusual landforms, and notable plants. 

• A description of each region was recorded and significant landforms and plant 
associations described. 

• As new communities were encountered, the following data were recorded: vegetation 
type, slope, aspect, elevation, topographic position, moisture, soil types, parent material, 
cover classes of growth forms and bare ground, and dominant species by growth form. 

• Additional data were gathered specific to the location, habitat, etc. in which plants were 
collected (these collection localities are referred to as "collection sites"). The nature of 
data collected is discussed in the following section. 

• Vouchers were collected and curated as discussed below. 
 

Collections were made only if the population was large enough to support removal of individuals 
following the collecting protocols of Murray and Parker (1990) and Parker and Murray (1992). 
Rare plant sighting forms with maps were completed for species with an AKNHP state rank of 
less than 3 (“rare or uncommon,” see Appendix IV for discussion of Heritage Program ranks). 

 
Vouchers and Curation 

 
The following data were recorded with each vouchered specimen: date, unique collection number, 
latitude and longitude (NAD27, decimal degrees, taken from a handheld GPS unit); slope, aspect, 
elevation, topographic position, associated landforms, associated species, vegetation class, 
substrate, soil moisture, soil type, drainage, parent material, cover class and frequency class, 
notes on characters not preserved well, associated photo number, phenology, and ecological 
observations. Each voucher specimen is referenced to a specific geographic locality, generally 
less than 1,000 m2, having a uniform habitat. Collections at each site ranged from single 
specimens to over twenty taxa. 

 
The size of the population and area surveyed was included for species of concern. Population is 
defined here as a group of individuals of the same species (or subspecies) that occupy the same 
locality separated from other such groups by more than 1 km. This follows from the definition 
that NatureServe uses to define “element occurrences.” 

 
The first set of collection sheets were archived at the Herbarium of the University of Alaska 
Museum (ALA). A second, duplicate, set was sent to NPS if enough material was present for a 
second sheet. 

 
Specimens were given conditional names in the field by AKNHP and NPS staff. The plants were 
later sorted, examined and identified by AKNHP botanists and the collections were then sent to 
ALA where notable finds and difficult taxa were reviewed by the Museum staff. As needed, 
specimens were sent out to authorities by ALA for determination. Specimens to be archived at 
ALA and those to go to Park herbaria were prepared at ALA. 
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RESULTS 

Significant increases in the number of vascular plant species verified for KEFJ were made in 
2003. Prior to our efforts, 40% of the 543 expected taxa were known from KEFJ. Following the 
2003 field season, 131 collections were made of taxa considered “Probably Present” but not 
vouchered, 70 new taxa were collected that were not originally predicted to occur in the Park, and 
34 collections represented vouchered collections of previously “Unconfirmed” taxa. Thus, the 
percentage of documented vascular plant taxa relative to the 2003 expected list rose to 77%. This 
makes a significant improvement towards the Park’s objectives in documenting greater than 90% 
of vascular plant taxa in the Park. Because 70 new taxa were collected that were not on the list of 
543 expected, this number should be adjusted to 613 expected taxa. The 418 known taxa from 
KEFJ following the 2003 field season represent 68% of the now “expected flora.” The list of 
expected species is likely inflated due to the numerous plants that are known from the interior of 
the Kenai Peninsula, but are unlikely to reach the Park boundaries. Additional, targeted floristic 
inventories would likely reveal 20-50 new taxa to the Park. The relevance and importance of the 
finds are discussed in sections following the general discussion of collections. 

 
A list of confirmed and expected taxa in KEFJ prior to 2003 fieldwork is presented in Appendix I. 
An annotated species list describing all taxa and the basic topographic and habitat attributes is 
presented in Appendix II. Appendix III gives a list of rare species encountered. AKNHP rare 
plant ranks are given in Appendix IV and a user’s guide to the GIS product is given in Appendix 
V. 

 
Regional Collections 

 
Coastal Fjord Region 

 
Our efforts were concentrated along the coastal margin of the Park from Beauty Bay in the south 
to Aialik Bay in the north. A total of 379 specimens, representing 233 separate taxa, were 
collected from 49 sites at sea-level to the alpine zone. Sixty five taxa were collected that were 
previously known from KEFJ. Ninety-one taxa were collected that were listed as “Probably 
Present,” and 50 additional species were collected that were not expected to occur in the Park. 
The new records are primarily widespread Alaskan species that whose presence is not surprising. 
Exceptions to this were our collections of three rare Alaskan species: Cochlearia sessilifolia, 
Platanthera chorisiana, Carex lenticularis var. dolia; and three range extensions: Arnica 
angustifolia, Crassula aquatica, and Pedicularis sudetica ssp. interioides. Two non-native 
species (Cerastium fontanum and Poa annua) were collected from near sea-level. The new Park 
records are too numerous to summarize here; they are presented in Appendix II. 

 
Nuka River Pass Region 

 
Nuka River Pass was botanically rich. We collected 85 specimens in three days, representing 70 
individual taxa. Nearly half of these (43) were new records for the Park and 16 were collections 
of taxa not expected to occur in KEFJ. Two collections were of species previously listed as 
“Unconfirmed” in the Park. Additionally, seven of the 12 range extensions identified for KEFJ 
were made in this area (see “Range Extensions” below). New Park records were found in moist 
forb-graminoid meadows, dwarf shrub-forb tundra, and open barrens. The most floristically 
interesting site was a steep, eroding slope of fine to course metasediments on the east side of 
Nuka River, across from Nuka Glacier, approximately 10 km southeast of Bradley Lake. This one 
collection locality had the range extensions of Draba glabella, Euphrasia disjuncta, 
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Gentianella propinqua ssp. aleutica, G. tenella, M. biflora, and the rare Alaskan species, Carex 
phaeocephala (discussed below). 

 
Resurrection River Region 

 
Collection intensity and habitat diversity was high in this region; 96 specimens were collected, 
representing 84 unique taxa, 65 of which were new Park records. Eight taxa were collected that 
were previously unconfirmed for KEFJ. A total of 12 taxa were collected that were not expected 
to occur in KEFJ: Antennaria friesiana ssp. alaskana (a range extension/filling), Arabis 
kamchatica, Artemesia tilesii ssp. unalaschcensis, Carex bicolor (a range extension/filling), C. 
lenticularis, C. phaeocephala (rare in Alaska), Carex rotundata, Cinna latifolia, Lycopodium 
lagopus, Potentilla diversifolia, Ranunculus aquatilis, and Ranunculus hyperboreus. 

 
Many new records were of widespread graminoid taxa (Carex spp. and Eriophorum spp.) of both 
mid-elevation wetlands and well-drained, open alpine slopes. Many of the collections were of 
widespread species that were likely not collected previously due to their commonness (e.g., 
Athyrium felix-femina, Arctostaphylos alpina, Betula nana, and Salix reticulata). Most of these 
new records are alpine plants and it is not surprising that few collections of such taxa are known 
from the Park, due to the difficulty in accessing this terrain. 
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DISCUSSION 

Range Extensions 
 

While no major range extensions were found, collections of eight species represent new records 
for the Kenai Peninsula. These collections are significant in filling out the distributions of species 
in Alaska. 

 
Antennaria friesiana ssp. alaskana (Malte) Hultén 

 
Antennaria friesiana ssp. alaskana (Fig. 17) is an Alaskan-Yukon endemic, found throughout the 
mountains of western Alaska, extending eastward through the Brooks Range, Tanana Highlands, 
and Alaska Range. There are two collections in the Chugach Mountains, one near Anchorage and 
the other near Bering Glacier. 

 
The population in KEFJ was collected along a steep hillside above south side of Resurrection 
River (700 m) and represents a range extension to the south of approximately 150 km from the 
Fort Richardson collection in the Chugach Mountains (ALA 2004). 

 
There were few individuals of Antennaria friesiana ssp. alaskana observed on this dwarf-shrub, 
graminoid, forb tundra site along Resurrection River. Arctostaphylos alpina, Dryas octopetala, 
Anemone narcissiflora, and Festuca brachyphylla were the dominant associated species. 
Antennaria alpina was also collected at this site. 

 

 

Figure 17. Distribution of Antennaria friesiana ssp. alaskana (left) and Arnica angustifolia (right) in Alaska and Yukon (Hultén 
1968, Cody 1996, ALA 2004). Approximate locations of previous collections are shown as green circles. Our collections in KEFJ 
are indicated as blue triangles. 

Arnica angustifolia Vahl 
 

In a mid-elevation lush meadow above the sunken cirque of Crater Bay in Harris Bay, we 
collected Arnica angustifolia. Two interspecific taxa are recognized: subspecies tomentosa is a 
Rocky Mountain species, while subspecies angustifolia is known from Alaska (USDA 2003) and 
extends eastward to Greenland along the low and high arctic regions of Canada. In Alaska, this 
taxon is generally found on dry alpine slopes north of the Alaska Range (Fig. 17). However, one 
collection is known from Chinitna Bay, Chigmit Mountains at near sea-level (ALA 2004). The 
collection in KEFJ represents an important range extension, or a filling to the east of over 200 km 
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from the Chinitna Bay population. This taxon is likely uncommon throughout the southern 
mountains of Alaska, and the two collections south of the Alaska Range are very disjunct. It is 
difficult to speculate on its biogeographic history. 

 
Carex bicolor Wulfen 

 
We collected Carex bicolor in the Exit Glacier area of the Resurrection River Valley. This is a 
montane sedge (generally subalpine or lower) of moist habitats with a circumpolar distribution 
(Nilsson 1995). It has been widely collected in montane regions of Alaska, but this is the first 
collection we are aware of the taxon on the Kenai Peninsula (Fig. 18). This is a significant 
collection in filling the species’ range in from well established regions roughly 200 km to the 
north, east, and west. We collected it in a wetland adjacent to the Resurrection River, in standing 
water. Equisetum, Salix, and other Carex species were associated plants at the Resurrection River 
site. 

 

Figure 18. Distribution of Carex bicolor (left) and Crassula aquatica (right) in Alaska and Yukon (Hultén 1968, Cody 1996, 
ALA 2004). Approximate locations of previous collections are shown as green circles. The collections along Resurrection River 
are indicated as a blue triangles. 

Crassula aquatica (L.) Schönl. 
 

This tiny species of tidal marshes and brackish water is very widespread (circumpolar), but has 
rarely been collected in Alaska (Fig. 18). It is likely more common, but is probably frequently 
overlooked due to its small size. It was collected in KEFJ along the east side of Northwestern 
Lagoon in shallow brackish water. The nearest known site is from Middleton Island (Hultén 
1968), 200 km to the east. 

 
Draba fladnizensis Wulfen and Draba glabella Pursh 

 
On exposed alpine slopes at 500-800 m in the Nuka River Pass collections were made of two 
Draba species that represent range extensions to the Kenai Peninsula from the Chugach 
Mountains. Both of the taxa have circumpolar and high montane distributions, from Svalbard 
(70ºN) and the Canadian High Arctic in the north and extending down the Rocky Mountains to 
Colorado (45ºN) and in the Alps for D. fladnizensis (Lid and Lid 1994, PLANTS Database 2002). 
Both species are found throughout the high elevation regions of Alaska, including alpine slopes 
on Afognak Island and in the Chugach Mountains (Fig. 19). However, no specimens are known 
from the Kenai Peninsula and these new collections represent modest range fillers. 
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The collection of D. fladnizensis was made along a steep, rocky alpine rivulet in the Nuka River 
pass. The associated species were Saxifraga nelsoniana, Luetkea pectinata, Romanzoffia 
sitchensis, and Geum rossi. 

 
Draba glabella was collected along a sparsely vegetated scree slope on the east side of Nuka 
River, associated with Salix arctica, S. reticulata, Artemisia arctica, Bistorta vivipara, Saxifraga 
bronchialis, and Silene acaulis. 

 

Figure 19. Distribution of Draba fladnizensis (left) and D. glabela (right) in Alaska and adjacent provinces (Hultén 1968, Cody 
1996, ALA 2004). Approximate locations of previous collections are shown as green circles. The collections in KEFJ are 
indicated as blue triangles. 

Euphrasia disjuncta Fern. & Wieg. 
 

On the same site as Draba glabella was found, we collected Euphrasia disjuncta, which is also a 
new record for the Kenai Peninsula (Fig. 19). This species is one of the few native annuals of 
Alaska. Its range extends from the Seward Peninsula, Alaska, west into Saskatchewan (Cody 
1996). USDA (2003) also reports this species as occurring in Maine. 

 
Euphrasia disjuncta is a species of open mid- to high elevation slopes. The collection in KEFJ is 
approximately a 150 km range extension from sites in the Chugach Mountains. 

 
Gentianella propinqua ssp. aleutica Cham. & Schlecht. and Gentianella tenella (Rottb.) 
Boerner 

 
The small gentian Gentianella propinqua ssp. aleutica is a taxon restricted to the western coast of 
the Gulf of Alaska, primarily in the Aleutians and Kodiak Island. Prior to our collection there 
were two known collections east of Kodiak Island: one in the Bering Glacier region (ALA 2004) 
and one from the Juneau area (Hultén 1968). Our collection from the Kenai Peninsula 
significantly fills the range of a subspecies that appeared to have extremely disjunct populations 
(Fig. 20). 

 
Gentianella tenella is a widely circumpolar species with numerous populations in the high 
mountains of Europe, Asia, and North America. Collections in Alaska are somewhat dispersed, 
primarily concentrated in the Bering Strait Region, with disjunct populations in the Alaska, 
Brooks, and Coastal Ranges (Hultén 1968, ALA 2004). No collections are known south of the 
Alaska Range and the specimens from KEFJ represent a 250 km extension to the southwest of the 
nearest populations (Fig. 20). It is surprising that this taxon has not been collected from Prince 
William Sound. 
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Our collection of this species was from the 
steep, crumbling slope above the Upper 
Nuka River. 

 

Figure 20 Above. Distribution of Euphrasia disjuncta in Alaska and 
adjacent provinces (Hultén 1968, Cody 1996, ALA 2004). 
Approximate locations of previous collections are shown as green 
circles. 
Below. Distribution of Gentianella propinqua ssp. aleutica (green) 
and G. tenella (yellow) in Alaska and adjacent provinces (Hultén 
1968, Cody 1996, ALA 2004). Approximate locations of previous 
collections are shown as green circles. Collections in KEFJ are 
shown as blue triangles. 

Minuartia biflora (L.) Schniz & 
Thellung 

 
Another new record for the Kenai 
Peninsula from this Upper Nuka River site 
was Minuartia biflora. This species is 
distributed throughout the circumpolar 
north and widely throughout Alaska (Fig. 
21). A number of collections are known 
south of the Alaska Range and in the 
Chugach Mountains (Hultén 1968, ALA 
2004) and it is not surprising it was found 
in the Kenai Mountains. 

 
This species was collected from a sparsely 
vegetated scree slope in the Upper Nuka 
River Valley. 

 
Pedicularis sudetica ssp. interioides 
Hultén 

 
Our collection of the lousewort 
Pedicularis sudetica ssp. interioides 
(recently revised as P. interior – Molau 
and Murray 1996) is a range extension of 
over 300 km south from known 
collections north of the Alaska Range, and 
250 km east of a collection in the Aleutian 
Range (Fig. 21, ALA 2004). Other 
collections from southern Alaska include 
those of M. Barker, which were made in 

the Robinson Mountains in 2001 and 2002 in the eastern portion of the Chugach Range. This 
species ranges from Hudson Bay, west through boreal and low arctic Canada and Alaska into 
northern Siberia to the Urals (Molau and Murray 1996). 

 
We made collections of this taxon at two sites along the Upper Nuka River in mesic, graminoid- 
forb meadows and dwarf shrub-forb tundra. It was also collected in a nearby high elevation (410 
m) coastal site above Quartz Bay, in Nuka Bay. This site was a moist-wet mossy forb-graminoid 
meadow on well vegetated blocky talus. Although being relatively abundant in the Nuka River 
area, this taxon does not appear to be common in south-central Alaska. Its widely disjunct 
southerly populations can be explained by either long-distance dispersal events or local 
recolonization following full glaciation from refugial populations. 
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Figure 21. Distribution of Minuartia biflora (left) and Pedicularis sudetica ssp. interior (right) in Alaska and Yukon (Hultén 
1968, Cody 1996, ALA 2004). Approximate locations of previous collections are shown as green circles. The collections in KEFJ 
are shown as a blue triangles. 

Ruppia maritima L. 
 

Widgeon grass is a globally distributed 
species of salt and brackish waters. Despite 
its wide distribution it is infrequently 
collected in Alaska (Fig. 22), probably 
overlooked because it is such a small, non- 
descript aquatic species. It is likely much 
more common throughout estuaries and tidal 
ponds in south-central Alaska. 

 

Figure 22. Distribution of Ruppia maritima in Alaska and 
adjacent provinces (Hultén 1968, Cody 1996, ALA 2004). 
Approximate locations of previous collections are shown as 
green circles. The collection in KEFJ is shown as a blue triangle. 

We made a collection of this taxon at two 
locations in the northern section of KEFJ, 
Northwestern Lagoon and Pedersen Lagoon 
in Aialik Bay. Both sites were in brackish, 
lagoon ponds. 

 
Invasive Species 

 
Two non-native species vascular plant species were collected in the Park. Here we adopt the 
National Park Service terminology of “invasive” to describe non-native species, regardless of 
their potential to establish and alter communities and ecosystem function. The two populations 
were located on a beach and at a coastal cabin site. Most remote regions of the Park showed no 
signs of invasive species establishment and habitat alteration. 

 
Cerastium fontanum Baumg. 

 
The introduced mouse-ear chickweed Cerastium fontanum was confined to a single site in 
McCarty Fjord, James Lagoon at sea-level (59.5833ºN, 150.402ºW). The location was a sparsely 
vegetated depression in moist graminoid meadow, associated with Leymus mollis, Carex 
lyngbyei, and Argentina egedii. In Alaska this species is normally associated with heavily used 
areas, with disturbed soils, such as along roads, ATV trails, and gardens. It is somewhat 
surprising to find this species in a relatively remote location, especially without collections in 
more frequently used parts of the Park, such as Aialik Bay. However, its occurrence in such a site 
highlights the importance of inventory and monitoring efforts. 
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This species is a very ubiquitous weed, introduced from Eurasia to all US states. It is most often 
found in open, mesic habitats, and it is a common weed of roads, lawns, and gardens. It is 
generally not considered a serious threat to natural habitats as it does not establish in areas with 
open soils and is a poor competitor. It is rarely found outside of roadsides and areas of habitation. 
No other collections of this species were known from the Park prior to 2003; however, collections 
are known from the Carter Lake trail, just north of KEFJ (NPSpecies 2004) and it was widely 
observed throughout the Kenai Peninsula along trails, campsites, and roads (Duffy 2003, 
DeVelice no date). This species is also expected to be common in Seward. 

 
Elimination of this population of introduced Cerastium is 
encouraged, as this appears to be a very isolated and small 
population that can be easily controlled. Further, the 
population has the potential of spreading to other remote 
areas, making control very difficult. This species is not 
known to cause major alterations of community structure or 
ecosystem function. 

 
Native Cerastium species are not uncommon in the Park. 
The introduced species is distinguished by presence of 
pubescence on stems, leaves, and inflorescence, and petals 
equal in length to the sepals (Fig. 23). 

 

Figure 23. Cerastium fontanum. 

Poa annua L. 
 

The introduced annual blue grass Poa annua was found at a 
single site at Aialik Bay (59.8375ºN, 149.7722ºW), lining 
the trail and surrounding a cabin. This site receives a 
significant number of visitors. Open, high nutrient 
conditions, with coarse soils around remote cabins elsewhere 
in south coastal Alaska often have small populations of this 
grass; despite persisting in these areas it does not appear to 
invade undisturbed habitats. 

 
Elimination of this population is desirable. The concentrated 
human use of this location will probably result in continual 
re-introductions of this grass. Poa annua does not pose as serious a threat to native ecosystems or 
communities in Alaska relative to many non-native species, but it is extremely ubiquitous 
throughout the Kenai Peninsula and often forms large infestations along trails (Duffy 2003, 
DeVelice no date). This annual bluegrass site is probably not as serious a threat as the expanding 
invasive plant invasion in the Exit Glacier area of KEFJ. 

 
This plant is easily distinguished from other grasses (Fig. 24). It has prow-shaped leaves; it is 
quite small, generally yellowish-green in color, and an annual with a small claw-like first glume. 

 

Figure 24. Poa annua. 

Other invasive species known in the Park 
 

A number of invasive species are known from the Exit Glacier and ranger station areas of KEFJ. 
Densmore et al. (2001) summarized the occurrences of invasive species of KEFJ and other parks 
in Alaska. They found that dandelion (Taraxacum officinale ssp. officinale) was common in 
developed areas as well as scattered along trails, but was not found in habitats without 
anthropogenic disturbances. Butter-and-eggs (Linaria vulgaris), pineapple weed (Matricaria 
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discoidea), and common clover (Trifolium repens) were found along roads, parking lots, and the 
ranger station. Hawk’s beard (Crepis tectorum), ox-eye daisy (Leucanthemum vulgare), alfalfa 
(Medicago sativa), yellow sweetclover (Melilotus officinalis), and red clover (Trifolium pratense) 
are all introduced species that were growing along Exit Glacier Road, but were currently outside 
of the Park boundary. Densmore et al. (2001) suggest that control of these invasives is a necessity 
before they expand into the Park. 

Species of Conservation Concern 

We collected three species that are rare or uncommon globally and rare in Alaska and two 
additional species that are relatively common globally, but critically imperiled to rare in Alaska. 
Populations are defined here as a group of individuals of the same species (or subspecies) that 
occupy the same locality separated from other such groups by more than 1 km, following from 
the definition that NatureServe uses to define “element occurrences.” 

Cochlearia cf. sessilifolia Rollins (G1Q-S1) 

A few individuals of what appears to be the rare scurvy grass, Cochlearia sessilifolia, were 
collected at a beach at Beauty Bay on the west side of Ferum Creek (59.5423°N, 150.662°W). 
The site was a combination of mud flats and shingle beach in the upper intertidal zone, with a 
sparsely vegetated, halophytic grass-forb meadow of Puccinellia nutkaensis, Honckenya 
peploides, and Argentina egedii. We visited this site in early July in 2003 (before fruits were 
present) making positive identification of this annual species difficult. We revisited the site in 
August of 2004 and collections were clearly different than the common C. officinalis, and most 
likely C. sessilifolia. We estimated that several thousand individuals were present. Cochlearia 
sessilifolia is a Gulf of Alaska endemic, listed as imperiled globally and within the state (G1Q – 
S1 AKNHP rare plant tracking list, see Appendix IV). However, questions remain as to the 
validity of this taxon and the AKNHP is currently conducting a taxonomic investigation (Lipkin 
unpublished data). 

The population appeared to be relatively large. However, it is impossible to estimate demographic 
trends with only a single population estimate. 

The putative sister species of C. sessilifolia is C. officinalis (sensu Rollins), which was collected 
in a nearby flooded mining road in Beauty Bay (as well as other coastal sites in KEFJ). 
Cochlearia officinalis is a widespread coastal circumboreal species that has significantly smaller 
fruits and seeds, and lacks sessile leaves. The rare species, C. sessilifolia, is known from a 
handful of sites on Kodiak and adjacent mainland beaches. We recommend ecological studies to 
determine habitat differentiation, potential for competition, and hybridization with its common 
congener. 

Platanthera chorisiana (Cham.) Reichenb. 
(G3-S3) 

We identified four small populations of the 
rare bog orchid, Platanthera chorisiana 
(Fig. 25) at mid-elevation, moist-acidic 
habitats. The site in the North Arm of Nuka 
Bay (59.5117ºN, 150.505ºW) was at a ridge 
crest above southeast side of Quartz Bay, 
and was characterized as moist graminoid - 

Figure 25. Platanthera 
chorisiana photo of a plant in 
Japan (http://www5.ocn.ne.jp/~ 
rebun-fl/zukan/z-m/miyake.html). 

Figure 26. Platanthera 
chorisiana site in Coleman 
Bay, Aialik Bay. 

http://www5.ocn.ne.jp/%7E
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ericaceous dwarf shrub and forb tundra with scattered snowbeds and melt pools. The site at 
McCarty Fjord (59.4763ºN, 150.3359ºW), along a west-facing slope above Roaring Cove, was a 
"hanging bog" of thin mats of saturated moss and humic soil over bedrock. The associated species 
at this site were Nephrophyllidium crista-galli, Trichophorum caespitosum, Drosera rotundifolia, 
Vaccinium uliginosum, and Gentiana douglasiana. We collected this species in a subalpine 
meadow at Crater Bay (59.71805ºN, 149.77694 ºW) and a lush Nephrophyllidium crista-galli 
meadow at Coleman Bay (59.8588ºN, 149.61083 ºW, Fig. 26). 

 
This species was listed by the AKNHP as a G3 - S3 (rare globally and within the state). Recent 
collections of this taxon in Prince William Sound and Southeast Alaska show that this species is 
more common than previously thought, and taken together with its status in British Columbia and 
Asia, suggest that a rank of G4-S3 S4 may more appropriately reflect its true status. 

 
Platanthera chorisiana is distinguishable from other bog orchids in being less than 20 cm tall and 
having two basal leaves, but lacking developed cauline leaves. Its global distribution is amphi- 
Pacific, occurring in northern Japan, Kamchatka, and east to Alaska and British Columbia. In 
Alaska it is known primarily from scattered sites in the Aleutians, Prince William Sound, and 
Southeast Alaska (Fig.28). This species is not rare enough to warrant specific research efforts. 

 
Papaver alboroseum Hultén (G4-S3S4) 

 
Papaver alboroseum is a rare poppy with two 
population centers, one in Kamchatka and the 
other in southcentral Alaska (Figs. 27 and 28). We 
collected this taxon at two locations in KEFJ. One 
was in the mountains around Exit Glacier 
(60.18139ºN, 149.70142ºW) at 1080 m, growing 
on exposed rounded scree mounds below the 
Icefield. The other location was along exposed 
gravel bars on the Upper Nuka River (59.6642ºN, 
150.6798ºW). In both locations Chamerion 
latifolia (= Epilobium latifolium) was a dominant associate. Population sizes were estimated as 
300 plants at Exit Glacier and fewer than 20 plants at the Nuka River site. 

 

Figure 27. Distribution of Papaver alboroseum in 
Alaska. The collection sites in KEFJ are shown as 
blue triangles, previous collections are shown as 

This species is a distinctive, small (<15 cm tall) poppy with white to rose-colored petals with a 
yellow spot at the base. It is somewhat more difficult to identify while not in flower, but it has 
heavily pubescent leaves with a broad, ovate to globose capsule bearing very distinctive ivory 
colored tuberculate hairs. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 28. Distribution of Cochlearia sessilifolia (green lines), Platanthera chorisiana (white lines), Papaver alboroseum (pink 
lines), Carex phaeocephala (orange lines), and C. lenticularis var. dolia. Ranges are adapted from Hultén (1968). 
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Papaver alboroseum is found on well drained soils (sand, gravel, scree, volcanic ash) and rock 
outcrops, from sea-level to at least 2,000 m. It is usually found in alpine settings, but is also found 
in lowland sites near glacial moraines or along the gravel bars of glacial rivers. Papaver 
alboroseum is known from an increasing number of sites in southern Alaska. Most of these sites 
are in the Chugach, Kenai and Wrangell Mountains, with additional locations in the western 
Alaska Range and the Alaska Peninsula. Reports from northern Alaska and the westernmost 
Aleutian Islands are based on misidentifications. It is also known from at least twenty sites in 
Kamchatka (Russia) and the northern Kurile Islands, with several additional reports from 
northwest British Columbia and the southwest Yukon Territory. 

 
 

Carex phaeocephala Piper (G4-S1S2) 
 

We made two collections of the state 
imperiled sedge, Carex phaeocephala 
(G4-S1S2). One collection was above the 
Upper Nuka River (59.6667ºN, 
150.6623ºW) on a steep slope at 550 m. 
The other collection was above Exit 
Glacier at 60.18094ºN, 149.70381ºW and 
1080 m elevation (Fig. 29). 

 

Figure 29. Distribution of Carex phaeocephala in Alaska and 
Yukon. Previous collections (Hultén 1968, Cody 1996, ALA 
2004) are shown as circles. The 2003 KEFJ collection is shown 
as a blue triangle. 

This species is found throughout rocky 
high montane regions of the west 
(Mastrogiuseppe et al. 2002), but is 
confined to a handful of populations in the 
Coastal, Wrangell, and Chugach 
Mountains. A single site is known in the 
western Alaska Range. The collection in 
KEFJ is a significant range-filler, linking 
the highly disjunct western Alaska Range collection with the greater concentration of populations 
in the southeastern Alaska and Yukon Territory. 

 
This species was growing on a very steep and eroding slope of fine and coarse sediments above 
the Nuka River. The site was mostly bare ground; the few other vascular plants that were 
associated with it included Chamerion latifolium, Oxytropis campestris var. varians, Astragalus 
alpinus, and Equisetum variegatum. We noted fewer than 100 individuals of this species at the 
site. It is likely it is also found on other slopes in the Upper Nuka River valley. The habitat where 
C. phaeocephala was collected near Exit Glacier was quite similar to the Nuka River site: the site 
was sparsely vegetated, with unstable scree mounds at high elevation. 

 
Identification of this species is difficult, as with most members of Carex sect. ovales. It is 
distinguishable by a combination of traits: a dense tawny-colored head, with inconspicuous, 
winged perigynia, a small lower bract, and staminate flowers clustered at the base. 

 
While this species is relatively common globally, it is quite restricted in Alaska and its presence 
in KEFJ is an important contribution to the biodiversity of the Park and Kenai Peninsula. We 
recommend additional surveys of high-elevation regions of the Park to identify more populations 
of this and other rare alpine species. 
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Carex lenticularis var. dolia (M.E. Jones) L. A. Standley (G5T3Q-S3) 
 

We made multiple collections of Carex lenticularis var. 
dolia (= C. enanderi sensu Hultén, 1968; G5T3Q-S3) in 
KEFJ. One collection was from the Upper Nuka River 
Valley (59.65422ºN, 150.6694ºW) at 410 m elevation 
along the margins of a flooded subalpine stream in gravel 
and moss (Fig. 30). The associated species were Salix 
barclayi, Vahlodea atropurpurea, Carex nigricans, C. 
anthoxanthea. We also collected C. lenticularis var. dolia 
near Exit Glacier (60.18314ºN, 149.669ºW) at 750 m. This 
site was very similar to the Nuka River site. Two 
populations of this species were found along alpine stream 
sides in the Coastal Region: one at the North Arm of Nuka 
Bay (59.5117ºN, 150.5052ºW) and one at Harris Bay 
(59.7164ºN, 149.7831ºW). These sites were at mid- 
elevations (130 to 400 m) in moist herbaceous meadows or 
snowmelt ponds. 

 Figure 30. Collection site of Carex 
lenticularis var. dolia along the Upper Nuka 
River Valley. This species is locally common in wet gravelly alpine 

meadows across south coastal Alaska, from the western 
Aleutian Islands to the southeast Panhandle. It extends south through the Yukon, British 
Columbia, Alberta, and Montana in the mountains (Fig. 28). This species is not rare enough to 
warrant future directed research. 

 
Recommendations 

 
To achieve a more complete list of species in KEFJ, we recommend inventorying the following 
locations and habitats (Fig. 31): 

 
• High elevation regions above Resurrection River 

The extreme northern border of KEFJ above Resurrection River has received only cursory 
visitation by botanists. A reasonable number of collections are known from the Exit Glacier 
area, but few exist to the west. Due to the difficult terrain, we were only able to access the 
alpine zone on a single day, but collected over 25 new records for the Park, including species 
not expected to occur in KEFJ and important range extensions. The alpine zone from Placer 
Creek to Moose Creek is the area with the greatest likelihood of harboring boreal species 
common to the rest of the Kenai Peninsula, but unknown in KEFJ. 

 
• High elevation regions east of Bear Glacier 

The alpine zone from Paradise Creek to the headwaters of Tonsina Creek deserves attention, 
as this region has not been thoroughly surveyed botanically. Additionally, it represents a 
transition from a coastal to interior zone, where a high diversity of alpine species is likely. 
Further, a number of nunataks are present, which may be sources of unusual species that have 
been present during much of the last glacial period. 

 
• Upper Nuka River 

The most productive area we visited was the Upper Nuka River. This was a region with a 
high proportion of species that are generally associated with more interior-boreal habitats, as 
well as unusual and rare alpine species. We collected 55 species that were new to the Park at 
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this location. Twenty of these were not expected to occur in KEFJ, and they represent most of 
the range extensions and rare species of our collections. While we conducted a thorough 
survey of the western portion of the river valley, we were unable to access the eastern valley 
and area around Storm Mountain. 

 
• Nunataks in the Harding Icefield 

There are a significant number of outcrops that were ice-free throughout much of the last 
glaciation that should be surveyed for vascular plant taxa. Flying across the Harding Icefield, 
we noted a number of obviously vegetated nunataks. In general, nunataks are quite species- 
poor, but these refugia can harbor very significant taxa (e.g., disjunct and rare taxa separated 
from other populations for thousands of years, which play a large role in determining the 
pattern of succession in nearby recently deglaciated areas). For example, one of the few 
collections of Phyllodoce empetriformis (G4-S1S2) in Alaska is from the Mendenhall Towers 
on the Juneau Icefield. While access would require helicopters, one or two days of sampling 
should be sufficient to inventory the primary nunataks. 

 
All of these high elevation collection regions require helicopter support. 

 
Figure 31. Suggested future sampling sites at Upper Nuka (orange polygon), Nunataks (green polygons), Resurrection River (blue 
polygons), and Bear Glacier area (red polygon) in KEFJ. Known plant collection sites are shown as circles (AKNHP 2003) or 
triangles (previous collections). 
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Recommendations for monitoring or other action 

 
• We recommend casual monitoring of the following rare taxa encountered: Cochlearia 

sessilifolia, Carex phaeocephala, and Papaver alboroseum. These species were all located in 
apparently secure populations with no observable threats. However, NPS employees and 
botanists working in the Park should pay special attention to these species in known and in 
potential habitats to determine the number, extent, and status of the populations. 

• Because of its extreme rarity and unknown biology, we recommend ecological and 
demographic studies of Cochlearia sessilifolia. Conservation management actions will be 
much better informed if we understand population trends, ecological interactions, and 
differences with its widespread sister taxa C. officinalis. 

• Carex lenticularis var. dolia and Platanthera chorisiana appear to be relatively common in 
southcentral Alaska, and specific efforts to document their locations, abundance, and 
population trends are not necessary. 

• Invasive species – Elimination of the weedy introduced species, Cerastium fontanum and of 
Poa annua in the coastal region is recommended. 
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APPENDIX II 
 
Plant Collections by Alaska Natural Heritage Program at Kenai Fjords National Park in 
2003 - 

 
Annotated species list describing all taxa and the basic geographic and NPSpecies attributes. 
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APPENDIX III 
 
Rare Plant Species List for Kenai Fjords National Park - 

 
Cochlearia cf. sessilifolia Rollins (G1Q-S1) 

 
A few individuals of the rare scurvy grass Cochlearia sessilifolia were collected at a beach at beach at 
Beauty Bay on the west side of Ferum Creek (59.5423°N, 150.662°W). The site was a combination of 
mud flats and shingle beach in the upper intertidal zone, and halophytic grass forb meadow that was 
sparsely vegetated with Puccinellia nutkaensis, Honckenya peploides, and Argentina egedii. We 
estimated approximately 2,000 individuals. It is unknown whether this population is increasing, 
decreasing, or stable. Cochlearia sessilifolia is a Gulf of Alaska endemic, listed as imperiled globally 
and within the state (G1Q – S1 AKNHP rare plant tracking list, see Appendix IV). However, questions 
remain as to the validity of this taxon, and the AKNHP is currently conducting a taxonomic revision. 

 
The putative sister species of C. sessilifolia is C. groenlandica, which was collected in a nearby flooded 
mining road in Beauty Bay (as well as other coastal sites in KEFJ). Cochlearia groenlandica is a 
widespread coastal circumboreal species that has significantly smaller fruits and seeds, and lacks sessile 
leaves. The rare species is known from a handful of sites on Kodiak and adjacent mainland beaches. We 
recommend ecological studies to determine habitat differentiation, potential for competition, and 
hybridization with its common congener. 

 
Platanthera chorisiana (Cham.) Reichenb. (G3-S3) 

 
We identified four small populations of the rare bog orchid, Platanthera chorisiana (Fig. 59) at mid- 
elevation, moist-acidic habitats. The site in the North Arm of Nuka Bay (59.5117ºN, 150.505ºW) was at 
a ridge crest above southeast side of Quartz Bay, and was characterized as moist graminoid - ericaceous 
dwarf shrub and forb tundra with scattered snowbeds and melt pools. The site at McCarty Fjord 
(59.4763ºN, 150.3359ºW), along a west facing slope above Roaring Cove, was a "hanging bog" of thin 
mats of saturated moss and humic soil over bedrock. The associated species at this site were with 
Nephrophyllidium crista-galli, Trichophorum caespitosum, Drosera rotundifolia, Vaccinium 
uliginosum, and Gentiana douglasiana. We collected this species in a subalpine meadow at Crater Bay 
(59.71805ºN, 149.77694 ºW) and a lush Nephrophyllidium crista-galli meadow at Coleman Bay 
(59.8588ºN, 149.61083 ºW). This species is listed by the AKNHP as a G3 - S3 (rare globally and within 
the state). Recent collections of this taxon in Glacier Bay National Park and Preserve, suggest that it is 
likely more common than previously believed, and its rank may be better reflected at G4-S4. 

 
Platanthera chorisiana is distinguishable from other bog orchids in being less than 20 cm tall and 
having two basal leaves, but lacking developed cauline leaves. Its distribution globally is amphi- 
Pacific, occurring in northern Japan, Kamchatka, and east to Alaska and British Columbia. It is known 
primarily from scattered sites in the Aleutians, Prince William Sound, and Southeast Alaska (Fig. 61). 
Because of its rarity, small population sizes, and narrow habitat specificity, we recommend more casual 
monitoring of the North Arm and McCarty Fjord populations. 

 
Papaver alboroseum Hultén (G3G4-S3) 

 
Papaver alboroseum is rare poppy with two population centers: one in Kamchatka and the other in 
southcentral Alaska. We collected this taxon at two locations in KEFJ. One was in the mountains 
around Exit Glacier (60.18139ºN, 149.70142ºW) at 1080 m, growing on exposed rounded scree mounds 
below the icefield. The other location was along exposed gravel bars on the Upper Nuka River 
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(59.6642ºN, 150.6798ºW). In both locations Chamerion latifolia (Epilobium latifolium) was a dominant 
associate. Population sizes were estimated at approximately 300 plants at the Exit Glacier site and 20 at 
the Nuka River Pass site. 

 
This species is a distinctive small (<15 cm tall) poppy with white to rose-colored petals with a yellow 
spot at the base. It is somewhat more difficult to identify while not in flower, but it has heavily 
pubescent leaves with a broad, ovate to globose capsule. A photo of the species is shown in Figure 62. 

 
Papaver alboroseum is found on sandy, gravelly, as well as moderately sized talus substrates in heavily 
glaciated mountains, typically above 600 m. This species has been collected across a range of locations 
in Alaska, Yukon, and British Columbia. Most populations are centered in the Kenai Mountains and 
radiating into the Alaska, Chugach, and Wrangell Ranges (Fig. 61), extending west and south into 
Yukon and British Columbia. It has proven to be more common in the Coastal Mountains than initially 
indicated by Hultén (1968) and more populations likely exist. However, the steep, remote, and glaciated 
mountains inhabited by this poppy limit collecting opportunities. No survey or monitoring actions are 
recommended for this taxon. 

 
Carex phaeocephala Piper (G4-S1S2) 

 
We made two collections of the state imperiled sedge, Carex phaeocephala (G4-S1S2). One collection 
was above the Upper Nuka River (59.6667ºN, 150.6623ºW) on a steep slope at 550 m elevation. The 
other collection was above Exit Glacier at 60.18094ºN, 149.70381ºW and 1080 m elevation. 

 
This species is found throughout rocky high montane regions of the west (Mastrogiuseppe et al. 2002), 
but is confined to a handful of populations in the Coastal, Wrangell, and Chugach Mountains. A single 
site is known in the western Alaska Range. The collection in KEFJ is a significant range-filler, linking 
the highly disjunct western Alaska Range collection with the greater concentration of populations in the 
southeastern Alaska and Yukon Territory. 

 
This species was growing on a very steep and eroding slope of a mixture of fine and coarse sediments at 
the Nuka River. The site was mostly bare ground and very few other vascular plants were associated 
with it (Fig. 54). Chamerion latifolium, Oxytropis campestris var. varians, Astragalus alpinus, and 
Equisetum variegatum were found growing with C. phaeocephala. We noted only a few other 
individuals of this species (< 20) at the site. It is possible it is more numerous on other slopes in the 
Upper Nuka River valley. The habitat in where C. phaeocephala was collected near Exit Glacier was 
quite similar: largely barren, eroding scree mounds at high elevation. 

 
Identification of this species is difficult, as with most members of Carex sect. ovales. It is 
distinguishable by a combination of traits: a dense tawny-colored head, with inconspicuous, winged 
perigynia, a small lower bract, and staminate flowers clustered at the base. 

 
While this species is relatively common globally, it is quite restricted in Alaska and its presence in 
KEFJ is an important contribution to the biodiversity of the park and the Kenai Peninsula. We 
recommend additional surveys of high-elevation regions of the park to identify more populations of this 
and other rare alpine species. 

 
Carex lenticularis var. dolia (M.E. Jones) L. A. Standley (G5T3Q-S3) 

 
We made multiple collections of Carex lenticularis var. dolia (= C. enanderi sensu Hultén, 1968; 
G5T3Q-S3) in KEFJ. One collection was from the Upper Nuka River valley (59.65422ºN, 150.6694ºW) 
at 410 m elevation along the margins of a flooded subalpine stream in gravel and moss. 
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The associated species were Salix barclayi, Vahlodea atropurpurea, Carex nigricans, C. anthoxanthea. 
We also collected C. lenticularis var. dolia near Exit Glacier (60.18314ºN, 149.669ºW) at 750 m. This 
site was very similar to the Nuka River site. Two populations of this species were found along alpine 
stream sides in the Coastal Region: one at the North Arm of Nuka Bay (59.5117ºN, 150.5052ºW) and 
one at Harris Bay (59.7164ºN, 149.7831ºW). These sites were at mid-elevations (130 to 400 m) in moist 
herbaceous meadows or snowmelt ponds. 

 
This species is found in the mountains of Alaska, Yukon, British Columbia, Alberta, and Montana (Fig. 
65). It ranges throughout southern Alaska, and is relatively common. This species does not appear rare 
enough to warrant future directed research. 



KENAI FJORDS NATIONAL PARK VASCULAR PLANT INVENTORY 

A - 24 

 

 

 

APPENDIX IV 

List of Alaska Natural Heritage Program rare plant ranks – 
 

Species Global Rankings 
 
 
G1: Critically imperiled globally. 

G2: Imperiled globally. 

G3: Rare or uncommon globally. 

G4: Apparently secure globally, but cause for long-term concern. 

G5: Demonstrably secure globally. 

G?: Unranked. 
 
G#G#: Global rank of species uncertain, best described as a range 

between the two ranks. 

G#Q: Taxonomically questionable. 
 
G#T#: Global rank of species and global rank of the described variety 

or subspecies of the species. 

GU: Unrankable. 

GH: Historical Occurrence. 

GX: Extinct. 

HYB: Hybrid. 
 
 
Species State Rankings 

S1: Critically imperiled in state. 

S2: Imperiled in state. 

S3: Rare or uncommon in state. 
 
S4: Apparently secure in state, but with cause for long-term 

concern. 

S5: Demonstrably secure in state. 

S#S#: State rank of species uncertain, best described as a range 
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between the two ranks. 

S?: Unranked. 

SU: Unrankable. 

SA: Accidental. 

SR: Reported from the state, but not yet verified. 

SRF: Reported falsely. 

SP: Potential to occur in the state. 

HYB: Hybrid. 

SSYN: Synonym. 

Qualifiers: 

B: Breeding status. 

N: Non-breeding status. 

?: Inexact. 

Q: Questionable taxonomy. 
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