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A rich nonacidic tundra plant community, Sagwon Upland, Northern Alaska, Dryado integrifoliae-Caricetum bigelowii Walker

etal. 1994 var. Lupinus arcticus, described by Anja Kade. Common species include: Anemone parviflora, Arctagrostis latifolia,
Arctstaphylos rubra, Astragalus umbellatus, Aulacomium turgidum, Cardamine hyperborea, Carex bigelowii, C. membranacea, C.
scirpoidea, C. vaginata, Cassiope tetragona, Castilleja caudata, Cetraria islandica, Cladonia pyxidata, C. posillum, Dactylina arctica,
Dicranum spadacium, Distichium capillaceum, Ditrichum flexicaule, Dryas integrifolia, Eriophorum angustifolium ssp. triste, E.
vaginatum, Equisetum arvense, E. variegatum, E. scirpoidea, Flavocetratia cucullata, F. nivalis, Hedysarum alpinum, Hylocomium
splendens, Hypnum bambergeri, Kobresia myosuroides, Lupinus arcticus, Minuartia arctica, Oxytropis maydelliana, Papaver
macounii, Parrya nudicaulis, Pedicularis capitata, P. kanei, P. langsdorfii, Polygonum bistorta ssp. plumosum, Polygonum viviparum,
Pyrola grandiflora, Rhododendron lapponicum, Salix glauca, S. lanata ssp. richardsonii, S. arctica, S. reticulata, Saussurea
angustifolia, Saxifraga hieracifolia, Senecio atropurpureus, S. resedifolius, Stellaria longipes, Tofieldia pusilla, Tomentypnum nitens,
Rhytidium rugosum, Thamnolia subuliformis. Photo: D.A. Walker.
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Preface

D.A. (Skip) Walker

Alaskan Arctic vegetation scientists met in Boulder, Colorado, 14-16 October 2013, to discuss an Alaska Arctic
Vegetation Archive (AAVA). The archive will contain species and environmental data for most of the documented
vegetation plots in northern Alaska, and is one of two prototype databases being made in preparation for building an
Arctic-wide Vegetation Archive (AVA) (Walker et al. 2013).

This volume contains 20 abstracts from papers presented at the meeting. Most of the abstracts describe details of
datasets collected by the authors in Arctic Alaska and Canada. Several others describe database approaches that have
been used in the US, Canada, and Europe that potentially could be useful for the AAVA. The first abstract by Amy
Breen and coauthors describes the current state of the AAVA, and provides the workflow and latest version of the data
dictionary that is being used.

The AAVA will be an open-access community resource. We will strive to insure continued involvement of the original
authors of the data, encourage them to publish their own papers using the data, and strongly encourage others to
include the original data collectors as authors on papers that use their data. | am sorry we could not have invited more
vegetation scientists who have collected Arctic Alaska data. We had only a small grant for travel funds, but we will
continue identifying potentially useful data sets, and hopefully not miss any key data.

A highlight of the meeting was Dr. David Cooper’s keynote talk. Dr. Cooper was the first to apply the Braun-Blanquet
approach to vegetation analysis for his Ph.D. studies in the Arrigetch Mountains, AK (Cooper 1986). The cover of this
volume shows this spectacular group of mountains and the three members of his 1979 expedition.

The meeting was held in Boulder, Colorado because several of the participants live and work in the Front Range region
or nearby, thus minimizing transportation costs. Also, the idea for making an Arctic vegetation database was first
discussed at the International Workshop on Classification of Arctic Vegetation, held 21 years ago in Boulder. Marilyn
Walker was the leader of the 1992 Workshop and she also arranged the 2013 AAVA meeting. Thanks, Marilyn! We are
indebted to many other very early Alaska-vegetation-research pioneers who collected some of the foundation datasets.

References:

Cooper, D. J. 1986. Arctic-alpine tundra vegetation of the Arrigetch Creek Valley, Brooks Range, Alaska. Phytocoenologia
14:467-555.

Walker, D. A, A. L. Breen, M. K. Raynolds, and M. D. Walker (Eds.). 2013. Arctic Vegetation Archive Workshop, Krakow,
Poland April 14-16, 2013. CAFF Proceedings Report #10.

Walker, M. D., F. J. A. Daniels, and E. Van der Maarel. 1994. Circumpolar arctic vegetation: Introduction and perspectives.
Special Features in Journal of Vegetation Science 5:757-920.
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Progress toward an Alaska prototype for the Arctic Vegetation Archive:
Workflow and data dictionary
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'International Arctic Research Center, University of Alaska Fairbanks, Fairbanks, Alaska, USA
Alaska Geobotany Center, Institute of Arctic Biology, University of Alaska Fairbanks, Fairbanks, Alaska, USA
*Alterra, Wageningen UR, The Netherlands
“Homer Energy, Boulder, Colorado, USA
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Introduction

The creation of an Alaska prototype for the Arctic Vegetation Archive is underway. A survey of key vegetation-plot data
from Arctic Alaska is complete. The vegetation-plot, or relevé, data that are appropriate for classification and analysis
using the Braun-Blanquet approach were obtained directly from the author, or from the literature, and are now nearly
all digitized (Table 1).

The basis for the archive is TURBOVEG (v. 2.99; Hennekens & Schaminée 2001), a comprehensive data management
system for vegetation-plot data. Two essential elements to harmonize disparate datasets for use of TURBOVEG are

an archive-specific species list and data dictionary. We therefore constructed the PanArctic Species List to provide

a standard for species nomenclature (Raynolds et al. 2013). We also recently reached agreement on common data

standards and constructed a data dictionary (described herein).

The Alaska Arctic Vegetation Archive (AAVA) will be made available to the public through the Arctic Alaska
Geoecological Atlas web portal (Wirth et al. 2014, this workshop). We established a workflow to outline the steps we
will take to go from gathering data, to importing vegetation-plot data into databases, to populating the plot archive on
the Atlas. Herein, we present the archive workflow and the standards developed for the data dictionary.

Archive Workflow

The Alaska Arctic Vegetation Archive workflow is dynamic, and not necessarily linear (Fig. 1). The main products derived
from the process are a TURBOVEG database and the web portal used to visualize and obtain vegetation-plot data
available from across Arctic Alaska. In addition, we will create an archive bibliography, deposit plot data into VegBank
and write associated metadata. We will also provide access to raw species and environmental tables, publications and
data reports, and ancillary datasets (eg, biomass and spectral data). The individual steps that comprise the workflow
are listed below.


mailto:albreen%40alaska.edu?subject=

Alaska Arctic Vegetation Archive Workflow

Gather Data Digitize Data

Scan and import, or keypunch, to Excel spreadsheets:

= Species data (raw data where ever possible)

L 2

* Environmental data (soil and site factors) * Species & environmental tables
* Create species list and data dictionary for database
* Phaotos * Format using data dictionary for import to Turboveg

* Ancillary data (e.g. biomass, spectral data, etc.)
* Publications and data reports

.| Construct Bibliography:

* Maps or coordinates of plot locations | - Reference List (Papers or OneNote)
Import into Databases:
y > . Turboveg (International protocols)
Georeference Data *  VegBank [USNVC protocols)
* Coordinates .|
* Google Earth locations (2 scales: locality of *| Write Metadata:

* Global Inventory of Vegetation Databases (GIVD)
- | * Federal Geographic Data Committee (FGDC)
“| +  MASAs Global Change Master Directory (GCMD)

L J

datasets, plots within localities)

v W v

Populate the Geoecological Atlas Web Portal:
1) For locality of datasets provide Google Earth map with pop-ups containing a briefl project description and site photo, and link to
data record with downloadable files and links including:
= Raw species and environmental data [.csv files)
*  Turboveg (.xml and .csv files) and VegBank (link to URLs) databases
= Ancillary data sets (biomass, spectral data, etc. as .csv files)
* Publications and data reports (.pdf files)
+  Metadata (.txt files)
2) For plots within localities provide Google Earth map with pop-ups containing:
«  Dataset and project names, releve number
+  Select environmental data (eg, plant community name, locality, latitude, longitude, habitat) from Turboveg
*  Species list and cover values, and complete header data in Turboveg
=  List of ancillary data for the plot & photos of landscape, vegetation, and soil profile

Figure 1. The Alaska Arctic Vegetation Archive Workflow..

1) Gather data

This step involves not only data gathering, but also data discovery. We began the creation of the AAVA by surveying
the literature and experts about vegetation-plot data available from Arctic Alaska. Once the vegetation-plot data are
discovered, the ease to gather data varies depending upon: 1) accessibility of the species and environmental tables,

2) how well the methods were documented in terms of collection of vegetation and environmental data, photographs
and ancillary data, and 3) whether the plots were georeferenced in the field. In general, the more recent the vegetation
study the better the ease of gathering data. For example, recent studies will likely have data readily available and
entered in spreadsheets, plots will have been georeferenced in the field with a GPS, and photos will have been taken
with a digital camera.

2) Digitize data

The vegetation-plot data included in the AAVA are in various forms. If the species and environmental tables are only
available in their print form, or as hard copies, these data must be entered manually or scanned and exported into a
spreadsheet program such as Microsoft Excel. If necessary, ancillary data must be digitized as well, including scanning
photographs. To import relevés into TURBOVEG, an archive-specific species list and a data dictionary must be created.
Once these are created, we then format the raw data in Excel to import the speciesand environmental tables into
TURBOVEG.

3) Georeference data

The step of georeferencing data, or more specifically locating main study areas and plots within localities, will vary
depending upon how recently a study was conducted as mentioned in the data gathering step above. If a study pre-
dates the use of hand-held GPS, coordinates were likely derived from a map or aerial photographs and are coarse. The
accuracy of the coordinates can be improved upon if the original map or photographs are available and plots can be
located on satellite imagery via Google Earth or a similar program. For many older studies, however, plot maps are not
available. For these studies, we choose a single coordinate for the locality of the main study area and indicate the plots
were not georeferenced.

4) Construct bibliography

The construction of an AAVA bibliography is independent of the creation of the database. The bibliography contains a
full list of the citations associated with each vegetation-plot dataset, while the database contains the primary source(s)
for the species and environmental tables. For example, the citations from a single vegetation-plot dataset may include a



data report, dissertation and numerous publications that will all be listed in the bibliography. The database, in contrast,
may only list the publication in which the plant communities were described and formally named. We are constructing
the AVA bibliography using the software program Papers for Mac.

5) Import into databases

Once the data are digitized, the next step is to import the species and environmental tables into databases. The basis
for the AAVA is the TURBOVEG program. For the import, we use the AAVA data dictionary and the PanArctic Species List.
We bring the species table and the associated header data in directly via an import from Microsoft Excel. In addition

to creating an AAVA in TURBOVEG, we also aim to submit our vegetation-plot data to VegBank. VegBank is the online
vegetation plot database of the Ecological Society of America's Panel on Vegetation Classification (Peet et al. 2012).

To accomplish this task, we plan to export our data from TURBOVEG using the plot data exchange tool Veg-X that is
currently under development (Wiser et al. 2011).

6) Write metadata

We will write metadata in a variety of formats. We registered the Alaska AVA in the Global Index of Vegetation-Plot
Databases (NA-US-014; Dengler et al. 2011), which is a metadatabase that provides an overview of existing vegetation
data worldwide. The status of the AAVA is listed as emerging and we will update the database record as we progress.
We will also utilize the option to include standard project metadata in a relational table in TURBOVEG v. 3.0 that will
be available at the end of 2014. To reach the larger earth science community, we will also write metadata according
to the best data management practices of Oak Ridge National Laboratory’s Distributed Active Archive Center for
Biogeochemical Dynamics (ORNL-DAAC). The AAVA will then be discoverable through the ORNL-DAAC and NASA's
Global Change Master Directory (GCMD).

7) Populate the web portal

The step of populating the AAVA plot archive via the Arctic Alaska Geoecological Atlas web portal will be accomplished
with the assistance of the Geographic Information Network for Alaska at the University of Alaska Fairbanks (Wirth et al.
2014, this workshop). We plan to include two spatial scales to visualize available vegetation-plot data in Google Earth.
These scales include: 1) at the level of the locality of a dataset, or project, and 2) at the level of plots within localities. At
each of these scales, we will populate pop-ups, either datasets or plots, with background information to familiarize the
user with available vegetation-plot and ancillary data (See Fig. 1). We will also populate data records for each dataset

in the Atlas. Data records will include a brief description of each project, site photo and links to downloadable files in
various formats and metadata.

Common Data Standards

We archive available vegetation-plot data according to common data standards. These standards comprise our data
dictionary for use in TURBOVEG (Tables 2-4). The step to cross-walk our header data among our datasets assures we are
poised for analytical phases upon completion of the AAVA.

We presented draft standards at both the Krakow Arctic Vegetation Archive and the Boulder Alaska Arctic Vegetation
Archive Workshops. The result is a data dictionary applicable to the Circumpolar Arctic with 71 header-data fields, 20
of which are required (starred fields in Table 2). Our hope in including the recommended header fields is that these will
spur common data standards for recording relevés in future field surveys. Nearly all of the required header fields should
all be readily available (e.g., relevé number, date, relevé area, cover abundance scale, author, reference, etc.).

Conclusion

The creation of an Alaska prototype for the Arctic Vegetation Archive is well underway with an anticipated launch
date of July 2015. We completed a survey of key vegetation-plot data from Arctic Alaska, obtained these data from
their authors or the literature, and are currently formatting high priority datasets for import into TURBOVEG using the
archive-specific PanArctic Species List and data dictionary we created. The Alaska Arctic Vegetation Archive will be
made available to the public through the Arctic Alaska Geoecological Atlas web portal. We established a workflow to
outline the steps for gathering data, importing vegetation-plot data into databases, and populating the plot archive.
The workflow is dynamic, and will be adapted over time as we work toward completion of the archive.
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Parent Mate-

Table 3. Surficial Geology codes and pop-up list included in the AAVA data dictionary

Parent material

rial Code
1 Unconsolidated marine deposits
1.1 Marine sands and gravels
1.2 Marine silts and clays
2 Unconsolidated eolian deposits (deposited by wind)
2.1 Eolian sands
2.2 Eolian silts (loess)
3 Eluvial deposits (deposited by in situ weathering, plus gravity movement)
3.1 Frost shattered bedrock
4 Colluvial deposits (slope deposits, derived from a combination of gravity and alluvial processes)
41 Hillslope colluvium
4.2 Talus
43 Solifluction deposits
5 Lacustrine deposits (lake deposits)
5.1 Organic lacustrine deposits
5.2 Mineral lacustrine deposits
6 Alluvial deposits (deposited by rivers and streams)
6.1 Alluvial sands and gravels
6.2 Alluvial silts
7 Glacial deposits
7.1 Glacial till
7.2 Glacio-marine sediments
7.3 Glacio-fluvial fluvial sediments
8 Bedrock
8.1 Sedimentary rocks and metamorphosed sedimentary rocks
8.1.2 Sedimentary and metamorphic rocks derived from course grained sediments of mixed
minerology: conglomerates and breccias
8.1.3 Sedimentary and metamorphic rocks derived from quartz-rich
sediments: sandstones, quartzites, cherts
8.14 Sedimentary and metamorphic rocks derived from fine grained silts and clays: siltstones,
claystones, mudstones, shales, slates, phyllites, schists
8.15 Sedimentary and metamorphic rocks derived from carbonate sediments: limestone,
dolomite, marlstone, marble
8.2 Igneous and metamorphosed igneous rocks
8.2.1 Felsic igneous rocks (rich in Si, Al): obsidian pumice, rhyolite, granite, pegmatite, gneiss
8.2.2 Mafic igneous rocks (rich in Fe, Mg): basaltic glass, scoria, basalt, diabase, gabbro,
8.2.3 Ultramafic igneous rocks (extremely rich in Fe, Mg and often other metaliferous minerals Co,
Ni, Ch), peridotite, dunite, serpentine, olivine, hornblende, pyroxene




Table 4. Habitat type codes and pop-up list included in the AAVA data dictionary.

Habitat

Code

Habitat Description and groups of associated plant com-
munities

Coastal salt marsh vegetation

Anticipated Br.-
BIl. Class

Juncetea
maritimi

Author & Year

Br.-Bl. 1931

1.1

Puccinellia phryganodes, Carex subsapathecea coastal salt
marsh communities

Dry coastal beach and sand dune vegetation

Ammophiletea

Br.Bl. & Tiixen ex
Westhoff, Dijk &
Passchier 1946

2.1

Elymus arenarius and other active dune communities

2.2

Coastal communities influenced by saline soils (Puccinellia
andersonii, Mertensia maritimia, Honkenya peploides, Salix
ovalifolia, Braya purpurascens, Cochlearia communities)

Rooted floating or submerged macrophyte vegetation of
meso-eutrophic water

Potametea

Klika in Klika &
Novak 1941

3.1

Aquatic forb marshes (Hippuris, Sparganium, Menyanthes,
Utricularia, Ranunculus communities)

Riparian willow shrub and poplar stands of warm
habitats

Salicetea
purpureae

Moor 1958

4.1

Willow shrub vegetation of riparian areas and warm habitats
(south-facing slopes)

4.2

Poplar vegetation of warm Arctic habitats

Sedge grass and dwarf shrub mire and fen vegetation

Scheuchzerio
palustris-
Caricetea fuscae

Tiixen 1937

5.1

Aquatic grass marshes (Arctophila fulva)

5.2

Moist to wet coastal grasslands (Dupontia)

53

Wet nonacidic tundra (Carex spp.-, Eriophorum spp.-
Amblystegiaceae communities)

54

Coastal moist tundra (Carex stans, Carex atrofusca
communities)

Bog vegetation, acidic mires, including tussock tundra

Oxycocco-
Sphagnetea

Br.-Bl. et Tiixen ex
Westhoff et al. 1946

6.1

Wet acidic Sphagnum-rich mires (bogs)

6.2

Moist to wet acidic tussock and nontussock (Eriophorum
vaginatum-, Carex bigelowii-Sphagnum, -Hylocomium)
tundra

6.3

Moist to wet acidic low-shrub heaths (wet to moist Betula
nana-Sphagnum heaths)

Talus slope, debris and alluvial vegetation

Thlaspietea
rotundifolii

Br.-Bl. 1948

7.1

Ruderal riparian vegetation (Epilobium latifolium, Artemisia
arctica, Trisetum spicatum, etc.)

Deep snowbed vegetation

Salicetea
herbaceae

Br.-Bl. 1947

8.1

Moderately drained deep snowbeds (Salix rotundifolia, S.
polaris, S. herbacea snowbeds)

8.2

Poorly drained deep snowbeds (Phippsia algida, Saxifraga
rivularis, Ranunculus pygmaeus, etc.)

Dwarf-shrub heath and low-shrub vegetation on acidic
poor substrate

Loiseleurio-
Vaccinietea

Eggler 1952

9.1

Dry acidic prostrate-shrub heaths (Arctous alpina, Salix
phlebophylla, Empetrum heaths)




Habitat Habitat Description and groups of associated plant com- Anticipated Br.- Author & Year
Code munities Bl. Class

9.2 Shallow acidic snowbeds (Cassiope-Carex microchaeta-
Hylocomium communities)

9.3 Moist and dry acidic dwarf-shrub heaths (Vaccinium uligi-
nosum, Emetrum nigrum, Ledum decumbens, some Betula
nana-lichen heaths)

9.4 Frost boil vegetation in acidic tundra (Anthelia, Juncus com-
munities)
10 Achionophytic dwarf-shrub and graminoid vegetation on | Carici-Kobresi- Ohba 1974
non-acidic substrate etea
10.1 Dry nonacidic tundra (Dryas integrifolia, including Dryas river
terraces)
10.2 Dry nonacidic alpine tundra (Dryas octopetala)
10.3 Shallow nonacidic snowbeds (Cassiope-Dryas-Tomentypnun,
and Cassiope-Dryas-lichen communities)
10.4 Moist nonacidic tundra (Sedge-Dryas-Tomentypnum com-
munities)
10.5 Frost boil vegetation in nonacidic tundra (Juncus biglumis,
Saxifraga oppositifolia)
11 Boreal and low Arctic steppe inland vegetation on dry, Saxifrago- Drees & Daniéls
warm substrate Calamagrosti- 2009
etea purpuras-
centis
11.1 Steppe tundra communities on south facing slopes of pingos
11.2 Artemisia communities along streams and in dunes
12 Tall forb and shrub vegetation on mesic-moist soil Mulgedio-Aco- Hadac¢ in Klika et
nitetea Hadac¢ 1944
12.1 Alder communities
13 Lichen communities on silicate rocks Rhizocarpetea Wirth 1980
geographici
14 Lichen communities on calcareous rocks Verrucarietea Wirth 1980
nigrescentis
0 Habitats of yet to be described classes
0.1 Zoogenic communities associated with animal dens and bird

mounds (arctic ground-squirrels, arctic foxes) (Poa glauca,
Festuca rubra, Ranunculus pedatifidus, etc.)
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Balsam poplar communities on the Arctic Slope of Alaska

Amy L. Breen
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Introduction

Trees are generally absent on Alaska’s North Slope except for isolated stands of balsam poplar (Populus balsamifera L.,
Salicaceae) that are disjunct by over 100 km from the boreal forest south of the Brooks Range. Balsam poplar occurs
preferentially on floodplains of braided rivers in areas with a sharp change in relief from the Brooks Range to the Arctic
Foothills (Bockheim et al. 2003), at warm springs (Viereck 1979), and at sheltered sites or near perennial springs where
groundwater is abundant throughout the year (Murray 1980, 1992).

Since balsam poplar is anomalous in the Arctic, their plant communities had not been thoroughly characterized
compared with more typical arctic plant assemblages (Daniéls et al. 2005, Walker et al. 1994). Herein, | summarize
results from a study that described and classified balsam poplar plant communities on the Arctic Slope and interior
Alaska and Yukon (Breen In Press). The aim of the study was to analyze floristic variation within and among arctic
and boreal balsam poplar communities, classify vegetation types, and identify the ecological gradients underlying
community differentiation.

Methods

This study was conducted in the Arctic Foothills of Alaska and the interior boreal forests of Alaska and Yukon (Fig. 1).
The Arctic study area (19 relevés) is bounded by the Noatak River (162°W) to the west and the Kongakut River (142°W)
to the east. Broad sloping valleys with elevations up to 350 m characterize the foothills of the Arctic Slope. The boreal
forest study area (13 relevés) is bounded to the east by the Kobuk River (159°W) and to the west by the headwaters

of the Yukon River (137°W). The boreal forest landscape consists of rolling hills, lowlands and nearly-flat bottomlands
along major rivers.

Sampling localities were selected subjectively in areas of homogeneous vegetation dominated by balsam poplar. The
minimum sampling area was approximately 100 m2. | scored the occurrence of vascular plant, bryophyte and lichen
species using the Braun-Blanquét cover-abundance scale (r, +, 1-5; Braun-Blanquét 1964, Mueller-Dombois & Ellenberg
1974), recorded the height and absolute cover of trees, shrubs, and herbs and estimated the percent cover of standing
dead and woody debris, and litter. At each relevé, | quantified several aspects of the stand, site and soils. The physical
characteristics of each site were described by the following variables: elevation, slope, aspect, stability, exposure,
parent material and geomorphology. Site and soil moisture and snow duration were categorized on scales of 1 to 10
(Komarkova 1983). | followed
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To examine the influence of climate on the presence of balsam poplar on the Arctic Slope, | constructed a map of all
known balsam poplar stands in northern Alaska. The area of interest is restricted to the region north of treeline, or
the northern limits of Picea glauca (white spruce), that is characterized by an arctic climate, arctic flora and tundra
vegetation. Occurrence data were compiled from the literature, the Herbarium of the University of Alaska Museum
of the North (ALA) and observations of the author and her colleagues. Summer warmth index (SWI = thawing degree
months, sum of monthly mean temperature > 0 °C). The balsam poplar occurrence data are presented overlain on a
map of northern Alaska showing SWI at a resolution of 12.5 km pixels (Raynolds et al. 2008).

Results and Conclusion

The ordination revealed a clear differentiation between arctic and boreal communities. Ecological gradients,

reflected by ordination axes, correspond to a complex productivity gradient and a complex gradient in slope

angle and aspect (Fig. 2). A new order and alliance were described, Populetalia balsamiferae and Eurybio-Populion
balsamiferae, respectively (Table 1). Within the alliance, two new associations are described: (1) Salix alaxensis-
Populetum balsamiferae (arctic communities, Fig. 3) with three variants (typical variant in riparian areas, var. Androsace
chamaejasme on south-facing slopes and var. Cystopteris montanum associated with perennial springs), and (2) Roso
acicularis-Populetum balsamiferae (boreal communities). In all communities, species richness is driven by herbaceous
and woody species, which make up 85% of the total species (Fig. 4). Species richness of lichens and mosses is low
throughout the communities, most likely because of annual flooding in riparian sites and shading by the balsam poplar
overstory.
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Figure 3. Landscape (a) and stand (b) view of Salix alaxensis-Populetum balsamiferae.
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Table 1. Class, order, alliance, association and variant names and habitats of the balsam poplar communities in Alaska and
Yukon.

Class Salicetea purpureae Moor 1958
Order Populetalia balsamiferae ord. nov.
Alliance Eurybio-Populion balsamiferae all. nov.

Association Salici alaxensis-Populetum balsamiferae ass. nov. (Arctic communities)
Typical variant (riparian communities)
Variant Androsace chamaejasme (south-facing slope communities)
Variant Cystopteris montana (spring communities)

Association Roso acicularis-Populetum balsamiferae ass. nov. (boreal communities)

A comprehensive baseline map documenting the current distribution of extralimital stands of balsam poplar
significantly expands upon our previous knowledge of this species’ northern distribution (Fig. 1). A strong link between
summer warmth index (SWI) and the presence of balsam poplar is observed for the Arctic Slope (Fig. 5, SWI > 25 for
~80% of the stands). This finding supports the hypothesis of the importance of climate for persistence of balsam poplar
on the Arctic Slope. Over the past 30 years, the Arctic has warmed ~2° C per decade and this trend is predicted to
continue over the coming years. Climatic change is expected to have major effects on vegetation patterns, including
shifts in plant distributions, community composition and northward migration of treeline (Serreze et al. 2000).
Moreover, the rapid retreat of summer ice cover in the Arctic Ocean threatens the region with climatic conditions
without recent analogues (Bhatt et al. 2010). An alteration of temperature regime caused by climate change will likely
result in an increase in the abundance and distribution of balsam poplar on the Arctic Slope of Alaska.
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Figure 5. Map showing summer warmth index and the location of study sites in Alaska (open symbols) and known balsam poplar occurences north of
treeline on the Arctic Slope in Alaska (red circles). Summer warmth index is the sum of mean monthly temperatures > 0° C from May to September and was
used to characterize the amount of summer warmth available for plant growth at each site (Raynolds et al. 2008). The green line depicts arctic treeline (CAVM
Team 2003). The relevés are numbered as in Figure 1.
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Applying the Braun-Blanquet method in mountainous Arctic Alaska: the Central
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Applying the Braun-Blanquet approach to vegetation sampling and classification outside of Europe has been challenging
for researchers. Without a baseline data set and a classification framework to fit new relevés and associations into,

the establishment of new associations, alliances, orders and classes has lagged far behind most regions of the world.
Higher-level syntax are established and widely used in Eurasia, however most character species for European classes are
absent in North America. For example character species of the class Thlaspeetea rotundifolia Br.-Bl. 1926 are European

in distribution, and most are endemic to the Alps (Willard 1979). The European and Asian syntaxa however provide a
robust framework for identifying the types of habitats to be expected in temperate, boreal and arctic regions outside

of Europe (Ellenberg 1988, Dierssen 1996). This could facilitate the placement of new relevés, even in regions without
previous sampling or classifications into a habitat framework that can be related to other circumpolar vegetation
classifications. Associations from a previously unsampled region can be placed into alliances, and perhaps a provisional
order, but the establishment of classes requires the synthesis of many studies and a larger number of relevés than most
local and regional studies produce.

My work, which began in 1978, had at its goal the collection of new data for the analysis of arctic-alpine tundra
vegetation of the central Brooks Range, and a vegetation classification that could be used to compare the vegetation
of this region with other high mountain regions of the world (Cooper 1986). Several previous studies of high mountain
vegetation that had been published in Norway (Dahl 1964), Scotland (McVean and Ratcliffe 1962), and the US
(Komarkova 1979, Willard 1979), and initial work in northern Alaska by Sptezman (1959) and Cantlon (1960) paved the
way for my work in the Brooks Range. Wanting to do expedition style research in a pristine area | choose an area with
access only by floatplane, or long, overland foot travel, and spectacular mountains ... the Arrigetch Peaks region.

The Arrigetch Peaks were sculpted by Pleistocene glaciers from a granitic pluton that had intruded through Skajit
limestone and Hunts Fork Shale. It created a relatively small region (50 km? with three bedrock types exposed on
similar slopes above the tree line (650 m elevation) producing soils with a full range of alkaline to acid condition. The
study area also had more than 1250 m of vegetated relief above the tree line. There was considerable topographic,
hydrologic and geomorphic complexity producing the full range of mountain habitats to analyze.

Learning the field and analytical methods of the Braun-Blanquet method is challenging, as they are not taught in
university courses in the US. Choosing homogenous stands is critical and must be learned from an experienced
phytosociologist. A complete knowledge of the local or concrete flora (sensu Khitun et al. 2013) is imperative and can
take years of work. In mountain regions lichens and bryophytes are key elements of the flora and must be recognized
and identified, greatly increasing the floristic demands on the phytosociologist.

| analyzed 372 relevés to develop a classification with 49 associations, 7 alliances and 3 provisional orders (Cooper
1986). Only when a number of closely related associations were described could alliances and orders be constructed.
Table methods are essential for the final ordering of relevés, although cluster analysis and ordination programs help
sort large numbers of relevés into groups. The arctic-alpine flora of the Arrigetch Peaks study area contained 569 taxa,
including 235 vascular plants, 199 lichens and 135 bryophytes. The flora contained circumpolar taxa such as Kobresia
myosuroides, but also Beringian taxa such as Dryas alaskensis (Dryas octopetala L. ssp. alaskensis (A.E. Porsild) Hulten)
(Hulten 1968). The data provide good structure for the vegetation composition in the full range of habitats that occur
in mountainous Alaskan arctic, including marshes, fens, meadows, fell fields, snow beds, springs, willow and alder
woodlands, and steppes.

The next steps in developing a classification for mountain regions of arctic Alaska include integrating relevés from
other study areas and building on the habitat based classification of snow beds, meadows, fens, and other habitat, and
describe as many associations as possible from the available data, and use these associations to establish higher level
floristic alliances, orders and classes. It is critical that all relevés added to the database be collected in homogenous
sites, and that they have identified all species, including bryophytes and lichens. The classification could be built from
the bottom up, with relevés used to create associations and higher syntaxa formed from the associations.


mailto:David.Cooper%40colostate.edu%0D?subject=

References

Cantlon, J.E. 1961. Plant cover in relation to macro, meso and microrelief. Arctic Institute of North America and NARL.
ONR-208. 212 p.

Cooper, D. J. 1986. Arctic-alpine tundra vegetation of the Arrigetch Creek Valley, Brooks Range, Alaska. Phytocoenologia
14:467-555.

Dahl, E,. 1964. Rondane.
Diersen, K. 1996. Vegetation Nordeuropas. UTB Fur Wissen Schaft.
Ellenberg, H. 1988. Vegetation ecology of central Europe. 4th Ed. Cambridge University Press, Cambridge.

Khitun, QV, T. Koroleva, S. Chinenko, V. Petrovsky, E. Pospelova, A. Zverev. 2013. Application of Russian arctic local flora
database to the issues of arctic biodiversity conservation. In: CAFF proceedings serious report nr. 10, Arctic
vegetation archive workshop, Krakow Poland April 2013.

Komarkova, V. 1979. Alpine vegetation of the Indian Peaks area, Front Range, Colorado Rocky Mountains. Vaduz, J.
Cramer.

McVean, D. and D. A. Ratcliffe. 1962. Plant communities of the Scottish Highlands. Monographs of the Nature
Conservancy, Number one. Her Majesty’s Stationery office.

Sptezman, L. 1959. Vegetation of the Arctic Slope of Alaska. US Geological Survey Processional Paper 302-B.

Willard, B. E. 1979. Plant sociology of alpine tundra, Trail Ridge, Rocky Mountain National Park, Colorado. Colorado
School of Mines Quarterly 74.



Natural and anthropogenically disturbed vegetation at the Oumalik Oil Well,
Arctic Coastal Plain, Alaska
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Introduction

During the U.S. Naval exploration for oil in what is now the National Petroleum Reserve-Alaska, the exploratory Oumalik
Test Well No. 1 (69°50°N, 155°59'W) was drilled in 1949-1950 to search for petroleum and subsequently abandoned.
About thirty years later, in 1979-1981, | investigated the unassisted recovery of vegetation damaged by these exploration
activities and studied the undisturbed surrounding vegetation in order to place the recovering vegetation into context
(Ebersole 1985). Studies on the role of the seed bank in providing colonizers for the disturbance and on short-term
recovery in response to the 1980 removal of debris are reported elsewhere (Ebersole 1987, Ebersole 1989).

Oumalik lies about 160 km south of Barrow, Alaska, at the southern boundary of the Arctic Coastal Plain (Wahrhaftig
1965). The surface of the entire area is aeolian silts (Lawson 1983). The thaw lake cycle has reworked most of the
vicinity, and these reworked areas are flat, wet, and covered with a variety of marsh vegetation. Some uplands, about
15 m higher than the lower flat areas, remain and are covered with the Eriophorum vaginatum tussock tundra typical of
the northern foothills of the Brooks Range. Broad drainage channels on these uplands are dominated by B. nana, Salix
planifolia, and Carex aquatilis. The sides of many of these uplands have complex microtopography caused by small-scale
solifluction.

The Oumalik well was drilled in a flat, wet area. Bulldozing, presumably to remove saturated soils that impeded vehicle
movement in the summer, created wet areas due to subsequent thermokarst as well as mounds of bulldozed material.
The camp area, on an adjacent knoll, apparently experienced a great deal of pedestrian trampling and vehicle traffic,
which eliminated much of the original vegetation and led to thermokarst. Vehicle tracks, especially between and
around the well and camp areas and also from these areas to the lake to the north, partially disturbed vegetation in
many other areas. Most of these areas retain many pre-disturbance plant taxa and have additional species that respond
positively to disturbance.

Methods

Vegetation was sampled with the relevé method of Westhoff and Maarel (1978) with sites subjectively chosen to
represent the full range of natural vegetation. Unless the size of communities did not permit, | used sample areas of 10
to 25 m” Most plots were marked on aerial photos and staked. Cover of vascular plants and cryptogams was estimated
visually and later converted to an ordinal scale. Multiple environmental factors were estimated on ordinal scales
(Komarkova 1979, Walker et al. 1979) and, for a subset of plots, soil analyses were done. For the undisturbed vegetation
| used 87 relevés with all plants and complete soils data and 61 additional relevés with only vascular plant data to
define communities, and for the anthropogenically disturbed vegetation | used 34 relevés with all plants and complete
soils data and 19 additional relevés with only vascular plant data.

| used the Braun-Blanquet table method to define communities but did not place communities into the Braun-
Blanquet syntaxonomy. | named communities with a combination of dominant and characteristic taxa. Detrended
correspondence analysis (DECORANA) was used to ordinate the data set.

For disturbed vegetation the enormous number of combinations of disturbance types in a wide variety of communities
prevented sampling all possibilities, but | estimate that the communities described cover more than 95% of the
disturbed area.

Results and Interpretations

Classification defined 23 natural and 13 disturbed communities (Tables 1 and 2). The communities reflect the position
of Oumalik near the boundary between the Arctic Coastal Plain (numerous marsh communities) and the Northern
Foothills (tussock tundra).
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Table 1.

Number

Natural vegetation communities at Oumalik

Community

Comments

1 Arctophila fulva - hippuris vulgaris In water 30-100 cm deep
2 Arctophila fulva - Eriophorum Early successional community in drained lake basins; Eriophorum
scheuchzeri angustifolium also common
3 Carex aquatilis - Eriophorum Species-poor community occurring in areas that recently became
angustifolium wet, e.g., recent thermokarsts
4 E. russeolum - Hierochloé pauciflora | In shallow standing water; C. aquatilis and E. angustifolium also
common
5 C. chordorrhiza - C. rotundata In sites with standing water early in the season and at least
saturated soils later in the season; the most species-rich Oumalik
march community; C. aquatilis, C. saxatilis, E. angustifolium, E.
russeolum, and Scorpidium scorpioides also common
6 C. chordorrhiza - Salix planifolia Similar to community 5 but with a shrub layer of Salix planifolia
Salix planifolia - Carex aquatilis On low-centered polygon rims and in drainages coming off the
uplands; Betula nana, Hylocomnium splendens, Tomenthypnum
nitens, and Sphagnum spp. also common
8 Salix lanta - S. planifolia In drained lake basins with saturated soils for most of the growing
season; C. aquatilis, E. angustifolium, Betula nana, Hylocomnium
splendens, Tomenthypnum nitens also common
9 S. lanata - Equistum arvense Unusual at Oumalik, only in small creeks; C. aquatilis, E.
angustifolium, and Calliergon giganteum also common
10 E. vaginatum - Salix planifolia The tussock tundra that dominated the northern foothills of the
Brooks Rang
11 Salix rotundifolia Snowbed community; snowbed communities are rare at Oumalik
because there are few long-lasting snowbanks and where they do
occur, other factors, especially instability of surfaces predominate
and prevent snowbed communities from developing
12 Dryas integrifolia - E. vaginatum Physiognomically similar to community 10 but floristically most
like community 13; Rhacomitrium lanuginosum distinguishes this
community
13 Dryas integrifolia - S. glauca Species-rich community on slopes with substantial solifluction; S.
reticulata, C. bigelowii, and Arctous rubra also common
14 Ledum palustre - Cassiope tetragona | On mounds that are occasionally present at intersection of rims of
low-centered polygons and are used by perching birds; Vaccinium
vitis-idaea, Betula nana, and Carex bigelowii also common
15 Eriophorum angustifolium - On frost boils with continually wet subsurface soils; Dryas
Ochrolechia upsaliensis integrifolia, Equisetum scirpoides, E. variegatum, and Saxifraga
oppositifolia also common
16 Dryas integrifolia - Ochrolechia On frost boils in more mesic sites than community 15, especially
upsaliensis within communities 10 and 13; Carex bigelowii also common
17 Dryas integrifolia - Carex spp. Infrequent on moist, flat surfaces within drained lake basins; Salix
reticulata, Carex bigelowii, C. scirpoides, and C. vaginatum also
common
18 Betula nana - Ledum palustre On moist palsas and centers of high-centered polygons; Salix
planifolia, Vaccinium vitis-idaea, Aulocomnium turgidum, and
Hylocomnium splendens also common
19 Hierochloé alpina - Arctagrostis On ground squirrel mounds; Poa arctica also common
latifolia
20 Salix glauca - Poa arctica On stabilized lake bluffs; A. latifolia also common
21 S.alexensis - S. arbusculoides Unusual at Oumalik, on stabilized lake bluffs and one eroded
pingo
22 A. latifolia On very recently stabilized lake bluffs
23 Puccinellia borealis - A latifolia Unusual at Oumalik, early successional community on dry mounds
isolated by erosion of lake bluffs




Table 2:
Vegetation communities on the anthropogenically disturbed areas at Oumalik.

Number Community Comments

24 Arctophila fulva In areas where bulldozing and/or thermokarst created
standing water > 40 cm

25 Carex aquatilis — Eriophorum angustifolium | In areas of bulldozing and multiple-pass vehicle trails where

(disturbed) disturbance and/or thermokarst created shallow water;

indistinguishable from community 3

26 E. vaginatum - Salix planifolia (disturbed) Created by partial disturbance of community 10; with origi-
nal species and additional Arctagrostis latifolia and Salix spp.

27 E. vaginatum - C. aquatilis Created by partial disturbance of community 10; thermo-
karst has lowered the area so C. aquatilis has become a part
of the community

28 Saxifraga cernua - Marchantia polymorpha | Unusual community in relatively dark areas among stacked
oil drums; destroyed by the 1980 removal of debris from
Oumalik

29 Betula nana - C. aquatilis On bottoms of bulldozed trails that are wet but without
standing water

30 Salix planifolia - Carex aquatilis (disturbed Created by multiple passes of vehicles through community
8

31 Salix spp. - Arctagrostic latifolia - Eriophorum | On mounds of bulldozed material that are mesic trending

angustifolium toward wet; S. planifolia, S. glauca, S. alaxensis, C. aquatilis,

and Equisetum arvense are also common

32 Salix spp. - Arctagrostic latifolia On mesic mounds of bulldozed material; similar to commu-
nity 31 but without E. angustifoium and C. aquatilis

33 A. latifolia (disturbed) On mesic mounds of bulldozed material but without as
much organic matter as communitis 31 and 32; nearly
monospecific

34 Dryas integrifolia - Equisetum arvense In multiple-pass vehicle trails through communities 13 or 17
where moisture regime is not much changed; in addition to
original species, A. latifolia and Poa arctica are commo

35 Betula nana - A. latifolia From partial disturbance of community 18

Ordinations showed that moisture and a pH / organic matter gradient correlated most strongly with the variation in
undisturbed vegetation (Figure 1). Axis 1 separates the wettest communities on the high end from mesic communities
on the low end (there are no dry natural communities at Oumalik). Axis 2 shows the pH / organic matter gradient.
Areas with little organic matter and subsequent pH of about 8 of the underlying silts lie at the high end of this axis, and
mesic communities controlled mainly by the accumulation of organic matter with pH of 5 to 6 lie at the low end.

Axis 2

=5
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Figure 1: Detrended correspondence analysis
ordination of undisturbed vegetation at Oumalik. For
this paper, relevés of natural disturbances, such as
eroding lake bluffs, were omitted. Numbers refer to
communities from Table 1.

Axis |



Disturbed communities comprise several groups. Areas partially disturbed, e.g., by multiple passes of vehicles, retained
many of the original taxa and were colonized by many taxa that respond positively to disturbance, e.g., Arctagrostis
latifolia and Salix spp. Disturbed areas that are now wet have several species-poor communities, e.g., Arctophila fulva,
and Carex aquatilis — Eriophorum angustifolium (disturbed) (Table 2), that are nearly or completely indistinguishable
from their undisturbed equivalents. Apparently the primary controlling factor of moisture / water depth allows the
same taxa to fairly quickly (within 30 yr) colonize disturbed areas.

Mounds of bulldozed soil created the most visually striking communities on disturbed areas (communities 31, 32,

33). Vigorous willows (Salix alaxensis, S. lanata, S. planifolia, and S. glauca) were much taller, had much greater annual
twig elongation, and higher reproduction than the same species in undisturbed areas. Higher soil temperatures and
good drainage allow much more rapid decomposition rates in these soils than in undisturbed areas (Ebersole 1985,
Ebersole and Webber 1983). One species, S. alaxensis, survives above the snow in winter on the open tundra on these
mounds, apparently because the extremely favorable growth conditions created by the disturbance allows some twigs
to grow above the zone of greatest snow abrasion in the 30 to 40 cm above the snow (Ebersole 1985). The Arctagrostis
community (community 33) occurs on mounds of bulldozed material with little organic matter (ca. 5%) compared to
the willow communities (ca. 30%) (Ebersole 1985).
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Overview

The International Tundra Experiment (ITEX) is a grass-roots, international scientific collaboration to study the effects of
climate change on tundra plant communities worldwide. The core experiment consists of a passive summer warming
experiment using open-topped chambers, and specification of sampling protocols to document plant responses
including measurements of growth, phenology, and community composition. ITEX sites are maintained by individual
Pls, who implement a subset of protocols specified in the ITEX manual (Molau and Molgaard 1996), as time and funding
permits. ITEX data have resulted in numerous publications from individual sites, as well as several highly cited meta-
analyses and syntheses (e.g. Walker et al. 2006, Elmendorf et al. 2012a, 2012b, Oberbauer et al. 2013). As a result, the
ITEX study is regarded as an early model for ecological coordinated distributed experiments (Fraser et al. 2012).

ITEX and the AVA

Community composition data from the ITEX experiment are complementary to the AVA's goals of collating vegetation
datasets for panarctic vegetation classification, climate change, and biodiversity studies. Indeed, the original ITEX data
have already been combined with repeat survey data from tundra monitoring sites worldwide to study vegetation
change in response to ambient summer warming (ElImendorf et al. 2012b). However, this extensive set of repeat survey
data differ from the target data sets for the AVA in several ways. The AVA centers on releve data from homogeneous
plant communities and requires cover-abundance scores for all species, including cryptogams, whereas the repeat
survey data used in Elmendorf et al. (2012b) included a diversity of methods, including point-frame data based on

top only, top and bottom only, or all hits through the canopy, ocular cover estimates, stemcounts, biomass harvests,
and subplot frequency count measurements. Complete species lists are not reliably generated from these methods,
which may miss rare species. In addition, species that are difficult to identify reliable (predominantly cryptogams), were
combined into easily recognized morphospecies for surveys. These differences, combined with the fact that the entire
dataset has already been archived (ElImendorf 2012c), led us to conclude that direct incorporation of the ITEX data into
the AVA would not be appropriate. However, they remain a valuable resource for combined studies.

Lessons learned from ITEX syntheses

Extensive work with the ITEX data suggests several recommendations for the AVA and similar initiatives going
forward. First, standardizing methodology across monitoring protocols such that data are recorded in comparable
units greatly enhances the utility of the resulting data. While meta-analytic techniques can be employed to harmonize
disparate datasets, inference is limited to the direction and statistical significance of changes, rather than magnitude
in biologically relevant units. Second, generating comparable data across space or time based on human observers
is inherently difficult. Detailed protocols, formal training, field-based assessment of protocol implementation can
help reduce observer bias. Quality-control procedures applied to the ITEX data revealed that nonvascular species
and rare species were the most difficult to reliably identify. As a result, analyses which rely on complete and accurate
identification of locally uncommon species are the least robust metrics of vegetation change. Examples of such
analyses include using local species richness as a response variable and ordination or other multivariate procedures
that do not downweight rare species.

From an informatics perspective, design of the AVA metadata and database structure should ensure that the data
are primed for use in future studies beyond the initial vegetation classification goals. This includes attention to data
discovery, archiving in commonly used, open access formats, and detailed metadata. EML and Darwin Core provide a
good basic framework for metadata, but lack some of the detailed specification and controlled vocabulary necessary
to fully capture important details of releve or other checklist data including (1) characteristics of species targeted

in search; (2) detailed methodology including plot size and sampling protocol; (3) expertise of botanist conducting
surveys, all of which heavily influence the comparability of the resulting datasets. Such information can be readily
incorporated into hierarchical models for comparisons over space and time by explicitly modeling the observation
process in order to integrate large datasets that are based on similar but not identical sampling regimes
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An open data access policy is strongly recommended in order to facilitate future use of the data. Optional embargo
periods could be included for those contributors who are actively working on site-specific analyses. Without timely
archiving, even published datasets are lost at a rate of 7%/year (Vines et al. n.d.). Information on tundra vegetation is
expensive to obtain, due to the remote nature of most sites and expense of access. Given the current and anticipated
future rates of tundra vegetation change, the AVA is a timely mission to rescue, harmonize, and preserve these valuable
datasets for future studies.
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Data on the Normalized Difference Vegetation Index (NDVI), Leaf Area Index (LAI) and aboveground plant biomass

have been collected throughout northern Alaska and northern Canada as part of two National Science Foundation
(NSF) projects dating back to 1999. Collectively, the sites sampled during these projects form the Western Alaska Arctic
Transect (WAAT), and the North American Arctic Transect (NAAT). The Western Alaska Arctic Transect includes the sites
(from south to north) at Council and Quartz Creek (Seward Peninsula), Ivotuk, Oumalik, Atgasuk, and Barrow. Sites along
the NAAT include Toolik Lake, Happy Valley, Sagwon Hills, Franklin Bluffs, Deadhorse, West Dock, Howe Island, as well as
Green Cabin (Banks Island, Canada), Mould Bay (Prince Patrick Island, Canada), and Cape Isachsen (Ellef Ringnes Island,
Canada) (Figures 1 &2; Walker et al. 2003a, 2003b, 2009, 2011).
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Figure 1. Sites along the Western Alaska Arctic Transect and the Alaskan portion of the North American Arctic Transect.
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Figure 2. The full North American Arctic Transect (Walker et al. 2012).

During the summer of 1999, as part of the Arctic-Transitions in the Land-Atmosphere System (ATLAS) project, we
collected a suite of vegetation data from four tundra plant community types at Ivotuk, Alaska over the course of the
growing season from June through August. Four 100m x 100m grids were established in moist acidic tundra (MAT),
moist non-acidic tundra (MNT), shrub tundra (ST) and moss-dominated tundra (MT) (Figure 3). Twenty random
grid points were sampled for leaf area index (LAl — using a LI-COR 2000 Plant Canopy Analyzer) and the normalized
difference vegetation index (NDVI — using an Analytical Spectral Devices FieldSpec), and ten of these random grid
points were harvested for aboveground plant biomass (20 x 50 cm quadrats). These same grid points were sampled
consistently approximately every two weeks, for a total of 6-7 sampling dates; all twenty points were sampled for
biomass at the peak of the growing season. There were clear distinctions in the magnitude, spatial variability, and
seasonality of these vegetation variables across the plant community types (Figure 4), and these results are described in
Riedel et al. (2005a, 2005b).



Ivotuk 2 - Shrub Tundra

Ivotuk 3 - Moist Nonacidic Tundra
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Figure 3. \Vegetation maps of three of the four 100 m grids at Ivotuk. (Reidel et al. 2005).
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Figure 4. LAl, NDVI, and live aboveground biomass for the four Ivotuk grids.




In 2000, the field sampling for the ATLAS project moved to the Council and Quartz Creek sites on the Seward Peninsula.
Vegetation was sampled at five 100 x 100 m grids at Council and three grids at Quartz Creek. LAl was measured at 33
random grid points at the peak season for the Quartz Creek grids and a Barren grid at Council, and was also collected
at uniform points for four Quartz Creek relevés. LAl was additionally measured every 10 meters (121 grid points) for
the other Council grids (Thompson et al. 2004). Aboveground biomass was estimated from 20 x 50 cm quadrants (1 x 1
m for the Shrub grid) at several random grid points in each of the Quartz Creek grids. Aboveground biomass was also
collected at 10 random grid points (1 x 1 m) for the Council grids (Thompson et al. 2004).

Other ATLAS sites along both the Western and Eastern Alaska Transects were sampled between 1999 and 2001. For the
other Western Transect sites (Oumailk MAT/MNT, Atqasuk, Barrow), LAl was measured at 33 random points in each grid,
and biomass was estimated at 10 random grid points (20 x 50 cm). For the Eastern Transect (Happy Valley, Sagwon
MAT/MNT, Franklin Bluffs, Deadhorse, West Dock, Howe Island), LAl was measured at 2-m intervals along two 50-m
transects at each grid, and biomass was estimated at three points 5m, 25m, and 45m (20 x 50 cm) along each of the
transects. NDVI data were collected at each meter along the transects. Both Happy Valley and Franklin Bluffs locations
had three grids along toposequences (dry, moist, wet). Additionally there are biomass data from permanent plot
harvests at Toolik Lake from 1993 (three replicates from five MNT sites and four MAT sites) (Figure 5).
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Figure 5. Aboveground biomass, LAl, and NDVI for the ATLAS sites (Walker et al. 2003b).



In 2002, the Biocomplexity of Patterned Ground Ecosystem project (NSF-funded) began on the North Slope along the
Dalton Highway. LAI, NDVI, and biomass had already been collected during the ATLAS project, but additional LAI, NDVI,
and biomass data (20 x 50 cm) were collected from three replicate non-sorted circles and inter-circle areas for Happy
Valley, Sagwon MNT/MAT, and Franklin Bluffs (Kelley et al. 2004, Kelley and Epstein 2009, Kelley et al. 2012).

For the three Canada sites along the NAAT (Green Cabin 2003, Mould Bay 2004, Isachsen 2005), 10 x 10 m grids were
established in dry, mesic, and wet topographic positions (plus a riparian grid at Isachsen). LAl and NDVI were collected
every meter along two 50-m transects adjacent to each grid. Aboveground biomass (20 x 50 cm) was collected at 5m,
25m, and 45m points along each transect, and was additionally collected for each relevé at the three sites. NDVI was
collected for 11 relevés at Isachsen. In 2006, the North Slope sites along the NAAT were revisited, and aboveground

biomass (20 x 50 cm) and NDVI were collected for each relevé (Walker et al. 2004, Walker et al. 2008, Epstein et al. 2008 -
Figure 6).
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Figure 6. Aboveground biomass by plant functional type on and between patterned-ground features along the NAAT. Increasing summer temperature
gradient is from left to right.

All of the NDVI data collected across the Western Alaska Transect and the NAAT were calculated from hyperspectral
information recorded by hand-held spectroradiometers, the extent of which was never fully utilized. Ina 2011 field
campaign, Buchhorn et al. (2013) collected hyperspectral information for the Deadhorse, Franklin Bluffs (dry, zonal,
wet), Sagwon MNT/MAT, and Happy Valley (dry, zonal, wet) sites. These data combined with the extensive hyperspectral

data collected during the ATLAS and Biocomplexity projects (Figure 7) could form the basis for a future direction in
tundra remote sensing analyses.
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Figure 7. Sample reflectance spectra for multiple grid points at one of the four Ivotuk grids.

In summary, the LAI, NDVI, and biomass data in their entirety for Alaska and Canada are not completely consistent,
given multiple projects, several personnel, and evolving sampling protocols; however several subsets of the data are in
very good shape. Ivotuk represents an excellent dataset, as does the Dalton Highway relevé biomass and NDVI data.
The data for the Canadian sites along the NAAT are also essentially complete. Our ultimate goal for the pre-ABoVE
project is to fully develop the LAI, NDVI, and biomass dataset (in addition to the hyperspectral information) as a link

within the Alaska Vegetation Archive.
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