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Introduction

Covering approximately 21 million acres of remote, roadless land in Alaska’s western arctic, little of the Northwest Alaska Network (NWAN) has been visited by botanists.  Mechanized access to the majority of the network’s land is extremely costly because of the distances involved and is generally limited to helicopter and fixed-wing planes on floats.  Accessing the terrain beyond a drop-off point typically requires days to weeks of cross-country hiking over difficult terrain.  As expected with these constraints, recent examination of documented and expected vascular plant species in network parks (Table 4) revealed fairly low percentages of documented species, compared to the number of expected species (Alaska Natural Heritage Program 2000).  

Levels of past work on vascular plants vary considerably across the network. Both Gates of the Arctic National Park and Preserve (GAAR) and Bering Land Bridge National Preserve (BELA) have benefited from comprehensive plant inventory efforts in small areas of these units (e.g., Murray 1974, Kelso et al. 1987).  Noatak National Preserve (NOAT), Kobuk Valley National Park (KOVA) and Cape Krusenstern National Monument (CAKR) have received only low intensities of survey effort.  Quantitative data on network plant communities are mostly lacking except for a few intensive studies in small areas (e.g., Cooper 1983, Christiansen 1988).  Remote sensing landcover maps have been completed for all network parks (Markon and Wesser 1998), but few community composition data were gathered for these products.  

Table 4.  Number of vascular plant taxa present and expected in National Park Units of the Northwest Alaska Network.  Species numbers were determined by compilation of verified vouchered specimens and high quality data sources. Source: Alaska Natural Heritage Program (2000).
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At the April 2000 Biological Inventories Scoping Meeting held in Anchorage, it was immediately clear that gathering additional information on vascular plants was going to be a high priority for at least 3 of Alaska’s 4 inventory and monitoring networks. To help formulate study plans for these vascular plant inventories in the large, remote parks of Alaska, a regional team of park service and university botanical experts was formed. The members of this team (the Alaska Region I&M Plant Working Group) met and corresponded over a period of several months to develop a recommended approach for the inventories.  The group had many discussions about selecting inventory sites based on judgment versus a sampling approach. For several reasons, the group recommended that most, if not all, of the vascular plant inventory effort should be deployed using a reconnaissance methodology targeting sites predicted to provide the most information about species not yet documented (Alaska Region I&M Plant Working Group 2000).  The reasons for this recommendation include the nature of Alaska’s vegetation, where expansive low diversity plant communities are interspersed with pockets of high diversity. Because of the impetus to document as many species as possible (i.e., 90% of the expected species), efforts must be made to target these diverse hot spots for investigation.  

The Alaska Region I&M Plant Working Group did not reach a consensus on whether to recommend quantitative vegetation sampling.  Most of the group’s members believed that the principal goal of floristic inventory was all that was achievable given the size of our parks and the high cost of access. However, the group also recognized the importance of quantitative methods of inventorying plants to allow inference to wider areas and to lay the foundation for future monitoring.  Thus, in the Central Alaska Network, the vascular plant inventory will include comparison of results in species capture from reconnaissance sites and from a subset of sites from a systematic grid established to monitor vegetation change in Denali.  In the Northwest Alaska Network, we will investigate the species capture abilities of the targeted reconnaissance method by also visiting sites selected at random, and by investing about 20% of our effort in plot-based work.  

The project described below will attempt to gather network-wide data on plant communities to quantify the relative abundance of plant taxa at a variety of spatial scales and provide a preliminary assessment of patterns of plant diversity on a landscape-level. As in any large, remote area, detailed floristic inventory usually requires iterative efforts extending beyond the scope of any one project (Hulten 1968).  The vascular plant inventory proposed will fill in large data gaps and allow us to target remaining gaps strategically in successive efforts.

This project plan contains the following elements:

· background information on the general environment of the Northwest Alaska park units relating to vegetation;

· a review of prior work on vascular plants in this region;

· goals and objectives of the inventory;

· sampling design and methods for the inventory;

· descriptions of the expected products;

· a budget, project timeline, and explanation of park contributions to the project.

Background

NWAN Environment

NWAN’s five park units encompass a large, contiguous area near the arctic circle (between 65° and 68° N latitude) and are situated within the low arctic plant community province (Hulten 1968, Thomson 1984).  The major physiographic features in the network are the east-west trending mountain systems comprising the central and western Brooks Range.  Seventeen million acres of land in GAAR, NOAT and KOVA straddle these mountains, with elevations ranging from 0 to 2500 m. The continental divide traces a sinuous path through the network, dividing arctic plain, interior and oceanic climates, and physiographic regions.  The Brooks Range is composed predominantly of calcareous formations of mid-Paleozoic age with two inset granitic batholiths which are exposed in the spires of the Arrigetch and Igikpak formations (Ellis et al. 1981).  Two of the network parks lie just beyond the reach of the western Brooks Range.  CAKR is a coastal plain ecosystem with extensive lagoons, wetlands, coastline and low-lying foothills.  BELA, the network’s southernmost park, lies on the Seward Peninsula just south of the arctic circle (Figure 2), and is comprised of low, rolling hills, lava beds from fissure volcanoes, and a large coastal plain dotted with expansive permafrost thaw lakes and wetlands.

The mean annual temperature at low elevation (ca. 200 m) on the south side of the Brooks Range is approximately -11°C and is colder but unknown at higher elevations (Owenby and Ezell 1992).  The mean summer and winter temperatures in the three Brooks Range park units are approximately 13°C and -25°C respectively.  Mean annual precipitation is approximately 350 mm, ranging from 280 mm to 480 mm.  Mean summer temperatures and winter temperatures are approximately 3-4° colder and precipitation is lighter (ca. 250 mm mean annual) on the north slope of the Brooks Range.  The western area of the network on the NW side of the continental divide is influenced by western Alaska’s oceanic climate and receives somewhat higher precipitation than the interior or arctic climatic zones.  Summer temperatures are lower in the most maritime areas, leading to an exclusion of boreal forest (Viereck et al.1992).

Vegetation in the network consists primarily of arctic and alpine tundras, boreal forest, wetlands, and shrub thickets.   Boreal forests occur in the southern fringes of the Brooks Range parks where the higher summer temperatures of a continental climate allow for growth of trees.  Boreal forests include stands of pure white spruce (Picea glauca), mixed white spruce-paper birch (Betula papyrifera), pioneering stands of pure paper birch,  spruce-lichen woodlands, black spruce (Picea mariana)-dwarf shrub-bryophyte-lichen muskeg, closed alder (Alnus crispa) thickets and scattered groves of black cottonwood (Populus trichocarpa) and aspen (Populus tremuloides) (Viereck et al. 1992).  Shrub thickets consist of low and high willows (Salix spp.) in riparian and wetland habitats.  Tundras include Eriophorum tussock tundras, low to mid-elevation ericaceous dwarf shrub-lichen-bryophyte tundras, alpine (Dryas- or Cassiope-lichen) tundras, moist low elevation peatlands (Carex spp. et al.) and sparsely vegetated-lichen fellfields and talus.   Wetlands include vast areas of tussock tundras over permafrost and oligotrophic fens. Elevationally, the plant communities can be roughly classed as follows: <200 m (boreal forest south of continental divide; lower elevation tundras, peatlands, wetlands throughout); 200-750 m (arctic tundras, mesic forb meadows, peatlands); 750 – 1500 m (alpine tundras and fellfields); >1500 m (high alpine communities including fellfields, talus, rock).  The network lies primarily within the continuous permafrost zone, with only KOVA containing large stretches of boreal forest over discontinuous permafrost (Pielou 1996).  Permafrost-free soils occur in the other four parks only along riparian corridors and over shallow bedrock.

Previous Work on Vascular Plants of NWAN Units

Bering Land Bridge National Preserve.--A high-level team of American and Russian botanists conducted extensive surveys of BELA during their 1992-4 work on the Seward Peninsula, documenting hundreds of vascular and nonvascular species (Kelso et al. 1997).  This work provides the bulk of documented, vouchered data in this park unit.  Little comprehensive work has been done on plant communities of the Seward Peninsula.  Some descriptive work on salt marshes has been done by Hanson (1953), on frost-disturbed ground by Hopkins and Sigafoos (1951), on fire communities by Racine (1981), and on community structure important to bird populations by Kessel (1989). Additional discussion of Seward Peninsula vegetation can be found in reports by Racine and Anderson (1974), Melchior (1979), and the National Park Service (1985). The most comprehensive treatment is that of Swanson et al. (1985) whose choice of ecological sites were based on their suitability as reindeer range.  Their work is, unfortunately, not comparable to the Alaskan vegetation classification proposed by Viereck et al (1992).  FirePro crews surveyed numerous plots in the park, but with extremely limited species capture in plots, often <5 species (National Park Service 1999).  Markon and Wesser’s (1997) landcover map provides excellent discrimination of plant cover types but with no ancillary community composition data.

Cape Krusenstern National Monument.--The only formal report of plants from CAKR is the NPS Flora/Fauna database listing 12 species (National Park Service 1991).  A recent search of University of Alaska Museum Herbarium (referred to hereafter as ALA
) revealed 43 documented records.  Most of these specimens were collected by Dr. Steve Young during the pre-ANILCA expedition to the Noatak River basin (Young 1974).  ANCS+ records revealed approximately 130 other records of unknown origin.  The bulk of the 58% of attainment of documented species relative to expected is therefore of undocumented origin.  A landcover map has been produced (Markon and Wesser 1998), but with minimal ground truthing.  Approximately 50 Firepro vegetation plots exist (National Park Service 1999), but the data from these plots typically only provide records of the dominant species.

Noatak National Preserve.--Young (1974) collected the vast majority of voucher specimens from NOAT that are cataloged in ALA (2000) during his assessments of the area prior to national park status in the early 1970’s.  These specimens form the basis for the currently documented list in NOAT, although some past data awaits investigation for inclusion in documented records.  For example, Craighead et al. (1988) documented 305 plant species in NOAT in the process of mapping and classifying vegetation with satellite imagery.  Obtaining both taxonomic and classificatory results from this project may help NOAT attain a much higher present/expected taxa ratio than it currently shows.  Several theses and other research projects have addressed specific vegetation issues in NOAT (e.g., treeline change: Rowland 1997; floodplain-permafrost-treeline dynamics: Arians 1997), but without vegetation reconnaissance or characterization.  Markon and Wesser’s (1998) landcover map provides excellent discrimination of plant cover types but with no accompanying vegetation classification or statistical characterization.

Kobuk Valley National Park.--Parker (1997), Mann and Parker 1997), Racine (1976), and Hunt (1997) provide the bulk of currently documented plant species for KOVA in ALA (2000). Racine (1976) provided a baseline survey of the flora and vegetation used in the assessment efforts leading to the creation of this park in 1976.  A modest amount of quantitative characterization plots were conducted for this effort.  Lipkin (1985) provided a detailed assessment of the status and trends of the state-listed rare species Oxytropis kobukensis, an endemic to the dune fields in KOVA. He is scheduled to repeat this assessment in 2001 and provide population estimates for continued monitoring of this taxon. Parker provided a comprehensive taxonomic inventory of the Greater Kobuk Sand Dunes based on several site visits between 1996-9, and has provided several lists subsequent to her 1997 floristic descriptions of dune community types. Markon and Wesser’s landcover map (1998) provides excellent discrimination of plant cover types but with no accompanying vegetation classification or statistical characterization.  Other than Racine’s limited study, no classification or vegetation characterization has been done in KOVA.

Gates of the Arctic National Park.--A greater amount of plant inventory has been conducted at GAAR than elsewhere in the network.  The most comprehensive treatments in GAAR were Cooper’s late 1970’s plant classification work in the Arrigetch Creek Valley (Cooper 1983, 1986, 1989) based on over 200 releves including all vascular and nonvascular taxa.  Eminent Alaskan botanists David and Barbara Murray made a substantial two-month collection effort (Murray 1974) on the Alatna and Killik drainages, documenting hundreds of vascular and nonvascular taxa.  Christiansen (1988) provided a post-fire recovery vegetation sequence spanning 125 years for the boreal forest in the Walker Lake area.  This effort resulted in a large volume of vascular and nonvascular collections and plots.  Neitlich and Hasselbach (1996) inventoried vascular and nonvascular plants in the vicinity of Walker Lake, documenting approximately 350 vascular plant and lichen species.  The National Park Service recently completed a landcover map for GAAR (Helt et al. 1999) based on remote sensing with very limited ground-truthing.  FirePro crews surveyed numerous plots in the park, but with extremely limited species capture in plots, often <5 species (National Park Service 1999).   Although GAAR’s flora is the best known of all network parks, 91 taxa remain expected, and no park-wide or ecological strata-based classification studies have been conducted. 

Goal and Objectives  

The goal of this inventory project is to improve our understanding of the distribution and abundance of vascular plant species in NWAN units using a sampling design suited to expansive areas with minimal access. This goal will be achieved through the following objectives:

1. Document the occurrence of 90% of the vascular plant species expected to occur in each park unit by surveying targeted and randomly chosen habitats and communities.

2. Describe the relative abundance of each species at spatial scales ranging from plant community to network, collecting data in accordance with regional protocols allowing for Alaska-wide estimation.  

3. Lay the foundation for future efforts in monitoring plants/habitats of special concern and lichen communities.

4. Compare the species-capture ability of judgment-based versus stratified-random biodiversity sampling and determine the habitat characteristics associated with elevated diversity “hotspots”.
5. Gather a vouchered set of specimens of each species for research and park uses and populate national and local databases with taxonomic and accompanying data.
Methods

The following sections describe our study design (focusing on site selection and allocation of effort), field methods, data analysis, data management, vouchering and curation.

Study Design

The vascular plant inventory in NWAN units will employ two widely-used approaches to plant inventory:

1. Floristic reconnaissance for vascular plant species and communities using: 

a. judgment-based site selection (40% of field time, 30 sites anticipated). 

a. stratified-random site selection based on landcover or ecoregional strata (40% of field time, 30 sites anticipated).

1. Fixed-area plot network arrayed in stratified-random design within major landcover or ecoregional strata (20% of field time, 60 plots anticipated) 

In designing this study we attempt to balance NWAN’s competing needs for biodiversity data from sparsely-represented and patchily-distributed plant species, and abundance and distribution data with network-wide inference.  Effective management for biodiversity requires that inventories be conducted with a high level of taxonomic rigor, have adequate spatial coverage, include detailed examination of special communities, and have enough analytic power to place results in the context of regional floristics.  Management of large areas facing potential threats (e.g., mining, roads, acid deposition, grazing) requires knowledge of the relative abundance and distribution of species of concern, as well as the composition and diversity of the vegetation at a variety of spatial scales. To meet these divergent goals, this inventory will use a combination of targeted reconnaissance surveys, randomly chosen reconnaissance surveys (stratified-random design), and permanent fixed-area plots associated with both targeted and randomly chosen sites.

The bulk of the arctic lands are occupied by high-dominance, low-diversity plant communities, and elevated diversity generally occurs in small pockets in the landscape (Pielou 1996).  There are a large number of plant communities in the network overall, but many of these occupy a small minority of the land area. The primary goal of attaining 90% of expected species requires that:

a. a sampling of all likely special habitats occurs, and

a. plots are efficiently distributed within a large number of plant communities in the network, many of which occupy small areas.

Random sampling without stratification would be most likely to result in the selection of sites offering this regional backdrop of low diversity and high dominance by a few plants.  We have chosen to stratify (probably by plant community—see below) our randomly chosen sites to ensure that plants will be sampled across the greatest spectrum of community diversity possible.  For details of the sample site selection process, see headings immediately following.  

Several beneficial by-products are anticipated from this study design.  First, by installing permanent vegetation plots, we will provide a sampling framework and a vegetation data set for intended network monitoring of nonvascular plants facing pollution and grazing threats.  Second, as inventory will be an ongoing effort, comparison of judgment-chosen and randomly selected reconnaissance sites will provide an independent assessment of these two sampling approaches. Third, we hope to evaluate the extent to which elevated diversity “hotspots” surpass regional diversity levels and the set of environmental variables associated with these special communities.

Based on a consideration of the logistical realities of working in the remote NWAN units and the budget for this project, we anticipate that we can visit 60 sites as a part of this inventory (see later section “Logistical Considerations and Assumptions Used in Developing the Project Budget” for how we reached this number of sites).  Reaching these 60 sites will require 2 2-person crews working over two summers with significant amounts of support by fixed-wing planes and helicopters.  We describe our site selection procedure in the following section.

Selection Process for Reconnaissance Sites

Targeted Sites.--Habitat characteristics of expected species, species of special concern, habitats of special concern and suspected diversity hotspots will be evaluated.  An unranked pool of targeted landscape units will be identified via analysis using key criteria such as:

· regionally unique geological or geomorphological features;

· communities or habitats of biological concern;

· likely habitats of expected species and rare plants, as indicated by regional floras (e.g., Hulten 1968) and museum records (ALA 2000);

· under-represented plant communities and previously unsurveyed areas (ALA 2000);

· minimum sample unit (SU) allocation to each landcover stratum;

· logistical feasibility (e.g., access means, cost);

· potential of certain types of sites to maximize species and communities encountered (e.g., ecotones, high gradient areas)

Site selection criteria will then be weighted, and the targeted survey sites in the pool will be ranked.  These will be delineated as a spatial layer.  Fifty percent of the total number of anticipated sites (i.e., most likely 50% of 60 sites) will be selected from the top of the ranked list   In ranking the sites to be visited, we will heavily weight habitats deemed to be of high priority, rare taxa considered to be of special concern, and taxa that are underrepresented.  

During the expert review phase, scoping meetings and Alaska Region I&M Plant Working Group meetings, consensus emerged on the following high priority reconnaissance habitats in the network: 

· BELA – marshes, coastal/strand systems, aquatics, Ear Mountain area

· CAKR – Coastal plain, Brooks Range foothills, bird perches and other nutrient enrichment areas 

· KOVA – Alpine areas, especially the Jade Mountains and karst formations 

· NOAT – Areas of unusual geology, especially siliceous or granitic bedrock

· GAAR – Hot springs and perennial springs, dunes, mud boil tundra features, disjunct and unsurveyed Castle Mountain section, NE corner of preserve (Oolah Lake vicinity)

· Network-wide – Aquatic systems hosting aquatic plants  

We will also target rare taxa of special concern.  Several taxa in NWAN parks have been given special status by the Alaska Natural Heritage Program (2000) due to endemism or low population levels.  Taxa of special concern include: Coriospermum ocotense, Aster yukonensis, Oxytropis kobukensis (especially white morph), Oxytropis arctica var. barnebyana, Gentiana detonsa, Rumex krausii, Ranunculus auricomis, Lupinus kuschei, Douglasia beringensis, Beckwithia glacialis, and Artemesia globularia var. lutea (Carolyn Parker, Rob Lipkin and David Murray, pers. comm.).  Preliminary assessments of populations of these taxa encountered will provide the basis for a determination of whether follow-up monitoring is warranted.

Analysis of the expected species lists suggests that the families hosting the greatest undocumented diversity are Cyperaceae (Sedges), Poaceae (Grasses), Brassicaceae (Mustards), Asteraceae (Composite), and Caryophyllaceae (Pink).  The concentration of missing taxa in these most difficult families suggests that the goal of documenting 90% of expected species will require a high-level of field expertise.

Randomly-selected Sites.--The random selection of the remaining 50% of sample sites will proceed as follows: A determination will be made as to the appropriate method and hierarchical level of landscape stratification.  Likely candidates are combined groups of landcover classes (Markon and Wesser 1998); or ecoregion provinces (Nowacki et al. 2000).  A dense grid-cell approach of identifying potential sampling locations (Fancy 2000) will then be applied to the entire park.  The starting point for this base grid will be randomly selected.  Using a constrained stratified-random design that allocates equal numbers of sample units to each landscape stratum, grid cells will be chosen at random from strata until appropriate sample sizes are reached. Decisions on the level of landscape classification used for strata will await final products from Step 3 (landscape stratification) of the inventory process.

In choosing landscape strata for stratified-random designs, the use of vegetation or landcover maps has been generally discouraged (Fancy 2000) because of the likelihood that vegetation will shift over time.  Stratification based on physical features has been advocated as a more stable long-term approach.  In spite of caveats, we favor stratification by grouped landcover classes as we think this best targets natural variation in plant habitats. Since this project is designed primarily as an inventory effort, it is critical to identify units most likely to contain different sorts of plant communities.  While any given ecoregion province, section or subsection contains up to 12-20 landcover classes (Markon and Wesser 1998), each landcover class is unique and is likely to contain a distinctly different set of plants than all other landcover classes.  Stratification by ecoregions would mimic the problems presented by simple random sampling above, in that the widespread, low-diversity communities represent most of the area in any given province or section.  

Allocation of stratified sample units proportionally to strata size has also been advocated (Fancy 2000), but was rejected for similar reasons.  Allocation of stratified-random sample units in proportion to landcover strata size would again result in over-sampling of the high-dominance/low-diversity communities of the largest landcover strata (e.g., dwarf low scrub, tussock tundra), while at the same time neglecting the under-surveyed strata that are likely to host large numbers of expected species.  If our primary questions concerned monitoring the trends or documenting the habitats in the majority of lands—rather than inventorying the greatest number of species—we would certainly consider proportional allocation (or even simple random sampling).  An inventory requires, however, that sampling occur where different types of taxa are most likely to occur.  If we decide for other reasons to stratify based on physical features or ecoregions (which are primarily physically-based, e.g., Nowacki et al. 2000), we will attempt to attain sample adequacy in landcover classes by making this a weighting factor in the targeted site pool selection.  

Selection Process for Plot Sites

As noted earlier, we will expend roughly 20% of our field crew effort in quantitative assessments (typically, 3 hours by one crew during a 2-day site visit with two crews).  Fixed-area vegetation survey plots will be installed at each site selected for reconnaissance.  In sites selected by judgment criteria, plots will be randomly located within the community of interest.  At randomly chosen sites, plots will be located at random within the appropriate landcover class in the grid cell selected.  In order to retain the balanced allocation of sample units to strata, strict rejection criteria will be developed to avoid sampling in mismapped landcover pixels.  A backup pool of randomly chosen sites in the appropriate landcover class will be chosen.  In the case of mismapping or locations comprised of more than one landcover type, the location will be rejected and a backup location will be used. 

If landscape stratification occurs by ecoregion rather than landcover type, then we will post-stratify by landcover types.  We may also consider sample unit allocation strategies that allocate plots to landcover classes as equitably as possible (e.g., heavier weighting of judgment sites in under-represented landcover types).  Plot data will be analyzed annually to determine variability within landscape strata and projected sample adequacy by stratum.  The hierarchical level of stratification and/or sample unit allocation may be adjusted in following field seasons based on past season’s results.

Field Methodology

Field Methods at Reconnaissance Sites.--The basic survey will provide abundance and frequency categories for all species encountered at each site, a comprehensive list of taxa in target community type(s), and trends in the distribution of species of concern with respect to site characteristics. Site locations will be mapped on an aerial photo, USGS topographic map and a georeferenced with GPS.  The routes surveyed will be mapped and georeferenced.  A description of the site will be recorded and significant landforms and communities described. Sites will be photographed on the ground and, when possible, from the air.  Communities, notable plants & unique landforms will also be photographed.  

As the survey is conducted new communities encountered will be recorded on the community data sheet and a species list compiled.  The following data are recorded on the community data sheet:  Viereck vegetation type to level 4 (Viereck et. al. 1992), slope, aspect, elevation, topographic position, wind, moisture, soil types, parent material, cover classes of life forms and bare ground, dominant species by life forms and a description of the community.  A species list is compiled, and the communities in which each species occurs is recorded.

Specimens are collected for taxa that are: new to the park, species of concern (rare, endemic, disjunct, invasive) or not identifiable in the field.  As time permits, a more complete voucher collection for the site is acquired focusing on species that are unique to particular communities or ecoregions. Collections are only made if the population is large enough to support removal of individuals and will follow the collecting protocol of Parker and Murray (1992).  Duplicate collections will be made when possible, one for NPS and one for the ALA.

Collection data will include:  latitude and longitude (NAD27, decimal degrees); slope, aspect, elevation, topographic position, associated landforms, associated species, Viereck 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.  For species of concern the size of the population and area surveyed is to be included.

A list of species for Alaska for which genetic material has been requested from ALA will be compiled by ALA. Material will be collected and held in silica gel for genetic analysis.  Material will be sent to the University of Alaska Fairbanks Museum (ALA) for storage or forwarding to the requesting investigators.  

Plot Methods.--We are currently evaluating several plot methodologies, including Forest Health Monitoring vegetation plots (Busing et al. 2000), Modified-Whittaker plots (Stohlgren 1995), and 0.1 ha circular plot releve.  The releve technique has been widely used in Alaska for vegetation classification (e.g., Viereck 1992, Hasselbach 1995), and we currently favor this technique for its simplicity and utility for subsequent lichen sampling and monitoring. 

We estimate that 75% of the plant species in our network are nonvascular.  Lichens, in particular, face a wide range of threats such as new sources of regional air pollution, reindeer grazing, acidification, and Arctic Haze (AMAP 1998, Neitlich 2000) and are the highest plant priority in the network.  Since network monitoring is much more likely to focus on lichens and bryophytes (which are excluded from this national inventory initiative) than vascular plants, we are currently favoring the simple 0.1 ha releve.  FHM is scheduled to sample vegetation statewide from 2002-2004.  Were we to use their method, we would add considerably to the power of our dataset.  This method is generally more time-consuming and complex than advised for the purposes of inventory alone, however.  A final decision will hinge partly on how well simple releves may be integrated with FHM data, and partly on cost-benefit trade-offs.  Regardless of the plot type chosen, plot sampling will lay the foundation for subsequent lichen sampling which will be conducted using these same plots.

Data to be collected on the plot will consist of standard vegetation metrics as outlined in Busing et al. (2000).  This includes: cover class ratings for each species in two vertical strata, 0-2 ft and >2 ft; cover class ratings by grouped life forms (e.g., trees, tall shrubs, dwarf shrubs, graminoids, herbs, mosses, lichens); % cover of dominant lichens and bryophytes; 5 prism point counts for basal area of trees >10 cm dbh; cover ratings for a broad suite of terrestrial characteristics (e.g., rocks in different size classes, soil, standing water, duff); and standard environmental variables such as geographic coordinates (with estimated position error), slope, aspect, elevation, depth to permafrost (within soil probe reach), depth of major soil horizons (probe only), soil texture and pH, and bedrock type.  If multi-scale plots are conducted, data will be gathered in each subplot and soil measurements done at plot center. 

Plots will be permanently marked with iron rebar covered with a white PVC pipe, tagged with a 2 in aluminum tag.  The plot stake will be at plot center, and buried as deeply as possible.  In GAAR, the marker will be buried just below the ground surface.  Metal detectors will be needed to relocate the plot center exactly.  Plot center will be recorded with PLGR-level accuracy.

Regional Standardization.--In March of 2001, all of the members of I&M plant inventory projects in the Alaska Region will meet to fine-tune inventory protocols that have been use throughout the Alaska region (e.g., Roland, 1999).  The goal of this meeting is to adopt a methodology that can then be applied throughout the region, thereby allowing for inference about relative abundance on the level of NPS lands statewide.  Common database structures and a unified data dictionary and set of field forms will be developed prior to the field season. Consultation will also be sought with the small mammals and birds projects to explore the option of common variables collected by each project for potential use in monitoring efforts.

Attainment of 90% Species Capture.--A key question in this inventory is, How do we know when 90% of expected species has been achieved?  The answer to this question is critical at all phases of the project from planning to interim data analysis to project conclusion.  One often-discussed option is to compare the project’s species list with a purportedly more complete species list derived from either: a) a spatial coverage which buffers the network lands by a certain distance, or b) expert opinion.  Because of the high number of taxa involved and the inherent uncertainty of making extrapolations about poorly known taxa (in poorly known parks), our Step 1 plant lists were derived using a 50 mi buffer around network parks.  Species input into this model came from ALA’s database.

The buffering model of assessment is a good operational “best-guess” model for project planning, but may fall short for interim and final assessments.  Several other models based on species capture per unit effort or area address this question using data from within the network rather than from outside of it.  Two common models of total species estimation for vegetation are island-biogeography species area models (Conner and McCoy 1979, Conner et al. 1983)  and jackknife estimators of species richness (Palmer 1990, 1991, 1995).  Island biogeography models are used for sample units of unequal size (e.g., meander surveys) while jackknife estimators are used for sample units of equal size (e.g., plots).  Both of these models will be considered in determining the overall attainment level of this project on interim and final bases.

Data Analysis

Data analysis will focus on species, community, network and regional levels.  Key among the results will be:

Occurrence and distribution of species as spatial data layer.

relative abundance of each species by plant cover type, ecoregion, park and network.

trends in the distribution of species with respect to site and community characteristics.

regional cooperation for generation of updated statewide distribution maps for taxa of greatest need (e.g., for groups which have undergone significant taxonomic revision, species of special concern).

Floristic analysis including composition of the flora by life form, family and genera; biogeography of the flora including endemism and other forms of rarity; and distribution of rare taxa by site characteristics.
In addition to the standard products anticipated from this study design, we also envision several beneficial by-products.  These emerge from the our inclusion of both random and judgment sites and plots and feature:

Comparison of randomly chosen versus judgment chosen sites, helping us answer the question: “How should future inventory be designed in this arctic network?”

Diversity and compositional gradients of special (judgment) communities compared to randomly chosen sites; and

Characteristics and compositional gradients of diversity “hotspots” (e.g., Neitlich and McCune 1997) compared to lower diversity sites.

At 21 million acres, NWAN land holdings represent 25% of the land in the National Park System.  Only approximately 60 sites will be visited in this inventory, 30 of which will be randomly located.  Statistically describing the vegetation of 10-15 landscape strata (e.g., 15 plant cover classes in Markon and Wesser 1998), some covering millions of acres, is therefore not feasible given the mixed objectives of this study.   To supplement our dataset, we will examine high-quality past datasets from intensive ecological studies such as Cooper (1983), Christiansen (1988), Craighead et al (1988) and Swanson (1985). If plot density is high enough in landscape strata (e.g., with the addition of other datasets), it may be feasible to analyze the patterns of species richness across landscape strata, community gradients across landscape strata and their relationship to environmental variables, and compositional variability within strata.  If compatible with our methods and intended analyses, we may also conduct an exploratory community classification analysis of the combined datasets to lay the foundation for future vegetation classification and mapping efforts.
Statistical analyses will include: logistic regression to identify habitats and environmental characteristics most likely to predict presence-absence of different taxa; multivariate community techniques in PC-ORD (species-area curves, multi-response permutation procedures, ordination, cluster, matrix variability summary per McCune 1999) to assess environmental variables associated with diversity hotspots; and standard univariate statistics (e.g., descriptive statistics, ANOVA, regression in SYSTAT 9.0) for general analysis.

Data Management

Network-level databases will be created in FY 01 to store taxonomic, community and spatial data with metadata in accordance with FGDC standards. The Plant Inventory PI will be responsible for insuring that structures are suitable for intended analyses and interchanges. Databases will be designed for inter-compatibility with other databases including those administered by Alaska’s other networks, ALA, and the service-wide NPS inventory program. 

The primary relational databases that will be created and/or populated include:

Network

Reconnaissance data.  Species, communities, environmental and spatial variables. Data fields will be compatible for import into ANCS+ for NPS curation and into ALA’s database for label preparation.  

Plot data. Species, environmental and spatial variables.
Biogeographical data.  Biogeographical and ecological attributes for floristic analysis. 

Supplementary spatial datasets.  Notable species will have distributions digitized from known references and ALA data exported so that distribution maps can be prepared. Survey routes will be digitized from aerial photos and maps.

QA data.  QA data will be store the raw and summarized QA results from each field season, providing for error estimates of the data by year.

Common variables.  If common variables are adopted for plants, small mammals, and birds, a shared database will be created to house inputs from each project.

National

NPSpecies.  NPSpecies will be populated with data from ALA, representing a fully vouchered, verified collection.  PI will ensure that any currently non-vouchered NPSpecies entries are substituted with vouchered entries.

Dataset Catalog.   To be populated with all products in year 4.

ANCS+.  Collection data to be imported for NPS cataloging.

NRBib.  To be populated with additional references on plants in the NWAN units found during the course of the project.

Electronic data will be archived on high-quality CD’s, at the Alaska Region Support Office and on the GIS servers at each park cluster headquarters.  File formats for each database will include ASCII delimited text, Excel and MS Access 2000.  The PI will supervise these projects, and will be responsible for hiring biotechnicians to help with the work.  Biotechnician funds have been allocated annually and on a network-wide basis in FY 04 for data management and reporting.  Annual data collection in network databases will be entered by biotechnicians after field work and identification is complete.


Specimen Determination and Vouchering 

Specimens will be sorted, examined and preliminarily determined by the botanists who collected them.  Collections will be sent to ALA where determinations will be finalized and difficult taxa determined and reviewed by the Museum staff.  As needed, specimens will be sent out to genus or family-level authorities by ALA for determination.   We estimate that 4000 specimens per season would be collected by two teams of botanists  in the network. 
A cooperative agreement has been initiated with ALA for this work.  We anticipate each network contributing to this agreement annually in proportion to the amount of specimens that will need to be curated.  Specimens to be stored at ALA and those to go to park herbaria will be mounted and prepared at ALA.  Data for collections will be imported into ALA's database so that labels can be prepared, as overseen by ALA’s data manager.  Silica gel and tissue samples will also be curated and stored at ALA for future analysis.

Rare plant sighting forms with maps will be completed for species with an AKNHP state rank of 3 or higher, and provided to AKNHP.

Project Curation

Specimens returned to parks from ALA will be filed and accessioned with catalog ledgers updated. Arrangements will be made for long-term loans of primary specimens at ALA, where it will be of benefit to the entire research community.

Hardcopy data and photographs will be copied, with originals archived at Western Arctic National Parklands Headquarters (Kotzebue) and duplicates residing at Gates of the Arctic Headquarters and project files.   Slides will be labeled, sorted and filed by site and species.  Select site and species slides will be scanned for use in the data browser. At the end of the project, data sheets, field notes, maps, slides and all associated project files will be accessioned by park and items cataloged.

Products

A substantial NPS General Technical Report is planned with two major sections—one treating floristics and another on vegetation. The floristic section will document survey objectives, methods and results including:  a floristic analysis by park, network and/or region; annotated species lists by park; distribution of species of concern; trends in site characteristics of species of concern; relative abundance of each species at a variety of spatial scales; species lists by site and abundance categories; habitats or areas requiring further survey work; species requiring population level assessment; research questions; evaluation of the applicability of judgment sampling schemes; and management recommendations for the inventory and monitoring of  the network’s flora.

The vegetation section will report on: patterns of species richness on scales from community to network; characteristics of high-diversity communities; predictive estimation of species richness by species area models (forming an independent test of inventory adequacy); and the potential for regional vegetation characterization via linked NPS, FHM and intensive study datasets.  

Several manuscripts will be submitted to peer-reviewed journals documenting the distribution of taxa new to the state, noteworthy taxonomic finds, and a distillation of community patterns.

The Alaska Region I&M Plant Working Group placed a high priority on the following regional products.  Each network has agreed to contribute to these projects, and products would focus on the entire Alaska region. The Central Alaska Network will contribute eight months of their term botanist’s time to the completion of these projects in year four. 

A site data browser will be developed which will document site characteristics, the species and communities present, the notable plants present and be hotlinked to site photos.

Alaska-Yukon and park distribution maps for notable taxa will be prepared.  

A species data browser will be developed for species of concern that will include Alaska-Yukon distribution maps, status, habitat characteristics, collection data and will be linked to species photos and descriptions.

In review, this inventory will result in the following specific products:

A report documenting survey and plot-based results, including an annotated species list of all taxa and geographic and habitat attributes.

Publications of notable finds in peer-reviewed outlets.

Populated databases including local databases, NRBib, NPSpecies and ANCS+.

Additional GIS layers for inclusion in each park’s GIS Theme Manager. 

Curated set of voucher specimens for ALA with duplicates in park herbaria.

Repository of DNA material of species of concern for use in clarifying taxonomic relationships.

A site data browser to retrieve localities by taxa and to view site photos and characteristics.

A sensitive species data browser documenting sensitive areas for plants including taxa and habitat characteristics 

Current distribution maps for selected species (species of concern, notable taxa).

Timeline

The following timetable is proposed for the plant inventory:

FY 01


  November 2000
Advertise Inventory Coordinator/Plant PI/Data Manager vacancy



December 2000
Begin pre-inventory steps



January 2001
Advertise biotechnician positions, with hiring by March

February 2001
Hire Inventory Coordinator/Plant PI



March 2001
Begin landscape stratification via target sample points and develop grid methodology for randomized locations; lead botanists begin to develop list of targeted sites;



May 2001
Biotechnicians begin work in mid-May.



June – early August 2001
Field work in NOAT, GAAR, KOVA



Late-August to September 2001
Data entry, specimen identification, project curation




FY 02


October 2001 – May 2002
Specimen identification, specimen curation and cataloging, data cleanup, biogeographic attributing, analysis of year 1 plot distribution for statistical coverage and variability within strata, year 2 plot selection.



January 2001
Advertise biotechnician positions, with hiring by March

June – August 2002
Field work in CAKR, BELA



Late-August to September, 2002
Data entry, specimen identification, project curation




FY 03


October 2002 – May 2003
Specimen identification, specimen curation and cataloging, data cleanup, biogeographic attribution, analysis of year 2 plot distribution for statistical coverage and variability within strata, year 3 plot selection.



June – August 2003
Additional ONPS-funded surveys in CAKR, NOAT, KOVA, BELA



Late-August to September, 2003
Data entry, specimen identification, project curation




FY 04


October 2002 – May 2004
Specimen identification, specimen curation and cataloging, data cleanup, biogeographic attribution.  Final data cleanup, consolidation and analysis. Population of network and national databases.  Production of final products and publications.  Project and data archiving.



September 2004
Submission of peer-reviewed manuscripts for publication and distribution of spatial datasets and browsers.

Park Contributions, Coordination and Logistical Support

As soon as funding is approved for FY 01, NWAN will hire an Inventory Coordinator who will also serve as plant inventory Principal Investigator and network data manager. This position will supervise plant biotechnicians in FY 01 and 02, and a data management technician in FY 01-FY 04.  Supervision for this position will be provided either by the Chief of Resource Management of YUGA or WEAR.  In order to attract highly skilled applicants, the position is to be located in Anchorage or Fairbanks, rather than Nome or Kotzebue.

In order to help conserve our transportation budget, we hope to rely heavily on the park plane and pilot for fixed-wing transportation.  Although fixed-wing access represents a minority of costs, use of NPS resources would save us up to $8,000 in OAS charges as currently planned.  Current budgeting is based on more costly charter flights because of a history of difficulty scheduling the park plane, although we’ve been assured that some compromises can be achieved.

In FY 03, NPS will contribute a short field season of vegetation work to augment the data gathered in FY 01 and FY 02 with I&M funding.  The WEAR FY 01-05 GPRA plan (WEAR 2000) contains the goal of “conducting field surveys to provide new data on locations of rare and understudied nonvascular taxa.”  As vascular and nonvascular plot work may be done together, this goal provides the basis for allocation of funds to complement the I&M initiative, contingent upon continuing support by the Ecology program manager, the Chief of Resource Management and the Superintendent.  We envision FY 03 to be used to fill in any major holes in floristic or vegetation sampling identified as high priorities in FY 01-02.

WEAR and YUGA will also contribute substantially to the project in the form of field/logistical support and data management/analysis support.  The park clusters will offer project participants the use of bunkhouses in Kotzebue, Nome, and Bettles, remote cabin use in all park units, field survey equipment including GPS, GIS support, and computers and supplies for data management.  Office support (space, administrative actions, etc.) for the Inventory Coordinator/Plant Inventory PI/data manager will be provided from base operating funds.

Logistical Considerations and Assumptions Used in Developing the Project Budget

With the exception of one short gravel road through a corner of CAKR, none of the network’s parks contain roads.  There are also few airstrips in the parks.  Access to sampling sites will be provided primarily by a combination of fixed-wing airplanes on floats, helicopters, and collapsible boats which can transported by air.  Supercubs with balloon tires may be able to help with resupply flights or ferrying crews using several flights if there are accessible gravel bars in an area.  While helicopters provide the greatest flexibility of access, the cost of providing a contract ship for the entire survey is slightly beyond our means. The following general model is therefore proposed:

Two crews will be deployed. Each crew will have one lead botanist and one biotechnician. Lead botanists will be contracted for the full field season. Biotechnicians will stay a month beyond the field season to assist with data entry and project curation. 

Each survey trip will be staged in 10 day blocks followed by 4 days off.  Access in and out of the field (Days 1 and 10) will be provided via 2 flights of a Cessna 185 or 206 fixed-wing airplane on floats.  Drop-off and pick-ups will therefore be staged at accessible lakes or rivers.  (In GAAR, one Beaver flight on floats may replace the 2 Cessna flights elsewhere for additional cost savings.)  During the middle days of the survey (Days 3 to 8), access will be provided primarily by helicopter.  On Day 8, the helicopter will drop crews off near an area which will then be accessible via float plane on Day 10.

Our total OAS budget for flight access is approximately $54,000 per season.  If not enough proximate survey sites prove accessible by float planes, we may need to shorten trips by 1-2 days and hire a helicopter on a 30 day contract (ca. $50,000), recouping some costs from other projects by sharing logistics.  Fixed-wing accessible sites may then be visited in tandem at the end of the season.  We have budgeted for a limited sharing of helicopter costs ($6,000/season, or 2 flight days/season) with the small mammals inventory during their late July and August sampling window, regardless of our ultimate logistical arrangement.

An average of 2 days is required per site for an adequate survey using two skilled botanists.  Actual time needs may range from a few hours to several days, depending on access and the diversity of community types at the site.  NWAN’s survey window is approximately eight weeks--from the last week of June to the second week of August.  To be efficient, the project will follow phenology, starting with south-facing ridges early, transitioning to uplands, alpine and lowlands mid-season, and ending with wetlands in August.  To accommodate a schedule of 10 days on - 4 days off, approximately 40 working days remain during this window.  Allowing for lost time due to weather, we have budgeted three 10 day trips for two crews.  With two teams in the field, we have estimated that approximately 30 sites per year will be covered during the first two years, a total of 60 sites.  During the third year, which will be sponsored by NPS to meet GPRA goals out of operating funds, we expect to survey an additional 5-10 sites; if logistical linkages can be made with the small mammals project during year 3, this number could increase slightly.

Budget

Table 5.  Proposed FY01-FY04 budget for the vascular plant inventory in the Northwest Alaska Network.




FY 01
FY 02
FY 03
FY 04
Total
Notes











Personnel








Principal Investigator
***
***
***
***
***
Paid out of Inventory Coordinator fund


Biologist GS-9
0
0
0
6,784
6,784
ANCS+ and NPSpecies Data Import/Entry (4 pp)


Bio. Technician GS-7 (2)
21,504
21,504
0
0
43,008
Field Work and pre/post field work data entry


Bio. Technician GS-5



5,400
5,400
Project Curation (4 pp)












Subtotal Personnel
21,504
21,504
0
12,184
55,192












Equipment and Supplies








Miscellaneous
1,750
1,750


3,500
Dry suits for aquatic sampling, film, field supplies












Subtotal Equipment/Supplies
3,500












Travel








Commercial Air 
3,000
3,000


6,000
2 trips/year Kotzebue-Anchorage or Fairbanks


OAS









Helicopter
37,445
37,445


74,890
12 6-hour flight-days/season



Fixed-wing
16,800
16,800


33,600
16 3-hour RT flights on floats/season


Per Diem (field work)
1,330
1,330


2,660



Invitational Travel
2,070
2,070


4,140
Dr. John Sanderson/Phil Caswell












Subtotal Travel
60,645
60,645
0
0
121,290












Services








UA Museum









Botanist (Parker)
10,481
10,481


20,962
Includes overhead



Specimen Identification
15,528
15,528


31,056
Includes overhead



ALA Curation
5,000
5,000


10,000
Includes overhead


Alaska Natural Heritage Program




Botanist (Lipkin)
12,488
12,488


24,976
Includes overhead


Regional Products



15,000
15,000



Publications



8,818
8,818













subtotal Services
43,497
43,497
0
23,818
110,812













TOTAL
127,396
127,396
0
36,002
290,794


Literature Cited

Alaska Natural Heritage Program.  2000.  Analysis of present versus expected taxa in all Alaska National Park Units.  Alaska Natural Heritage Program, on contract from US National Park Service, Alaska Region, I&M Program, Anchorage, Alaska.

Alaska Region I&M Plant Working Group.  2000.  Preliminary planning matrix for plants.  Unpublished report prepared for NPS Alaska Region I&M Network and Park Leads.  18 pp.

ALA.  2000.  Spatial database of known survey locations in latitude and longitude buffering Northwest Alaska Network.  Data available upon request, University of Alaska Herbarium (ALA), Fairbanks, Alaska.

AMAP.  2000.  Assessment Report: Arctic Pollution Issues.  Arctic Monitoring and Assessment Programme, CD-ROM: AMAP Electronic Publication No. 1.  Available online at http://www.amap.no.

Arians, A. E.  1997.  The impact of flood frequency, permafrost distribution, and climate variation on a northern treeline floodplain in Alaska.  Ph.D. thesis, University of Colorado.

Busing, R., Rimar, K., Stolte, K.W., Stohlgren, T. J. and K. Waddell.  2000.  Forest Health Monitoring Vegetation Pilot Field Methods Guide: Vegetation Diversity and Structure, Down Woody Debris, Fuel Loading,  May 2000.  National Forest Health Monitoring Program, Research Triangle Park, North Carolina.

Christiansen, J. S.  1988.  A spruce-lichen woodland in northern Alaska: post-fire regeneration and community dynamics.  M. S. Thesis, University of Washington.  Study Area: Walker Lake.

Connor, E.F. and E.D. McCoy. 1979. The statistics and biology of the species-area relationship. The American Naturalist 113: 791-833.

Connor, E.F., E.D. McCoy, and B.J. Cosby. 1983. Model discrimination and expected slope values in species-area studies. The American Naturalist 122: 789-796.

Cooper, D. J.  1983.  Arctic-alpine tundra ecosystems of the Arrigetch Creek Valley, central Brooks Range, Alaska.  Ph. D. Thesis, University of Colorado, Boulder.  827 pp.

Cooper, D.J.., 1986. Arctic-alpine vegetation of the Arrigetch Creek Valley, Brooks


Range, Alaska. Phytocoenologia 14(4): 647-555.

Cooper, D. J.  1989.  Geographical and ecological relationships of the arctic-alpine vascular flora and vegetation, Arrigetch Peaks region, central Brooks Range, Alaska.  Journal of Biogeography  16(3): 279-295.

Craighead, J. J., Craighead, F. L., Craighead, D. J., and R. L. Redmond.  1988.  Mapping arctic vegetation in northwest Alaska using Landsat MSS imagery.  National Geographic Research 4: 496-527.

DiFolco, D.  1996.  Aster yukonensis range extension in northern Alaska.  Park Science (2), 1996.

Ellis, J. M, Hamilton, T. D., and P. E. Calkin.  1981.  Holocene glaciation of the Arrigetch Peaks, Brooks Range, Alaska.  Arctic 34(2): 158-168.

Fancy, S. 2000.  Guidance for the design of sampling schemes for inventory and monitoring of biological resources in national parks.  Unpublished report dated March 24, 2000 from the National Park Service Inventory and Monitoring Program. 19p.

Hansen, H. C. 1953. Vegetation types in northwestern Alaska and comparisons with communities in other arctic regions.  Ecology 34: 111-140.

Hasselbach, L. M.  1995.  Vascular and nonvascular vegetation of Anaikchak Caldera, Alaska.  Technical Report NPS/PNROSU/NRTR-95/05.  US Department of Interior/National Park Service-Pacific Northwest Region.  Seattle, Washington.

Hunt, D.  1997.  Aster yukonensis on the Great Kobuk Sand Dunes.  Western Arctic National Parklands, Nome, Alaska.  Unpublished report.

Helt, T., K. Boggs, A. Garibaldi, and J. Stevens.  1999.  Landsat derived map and landcover descriptions for Gates of the Arctic National Park and Preserve.  Earth Satellite Corporation, 6011 Executive Blvd., Suite 400, Rockville, Maryland  20852-3801.
Kelso, S., Murray, D. F., and D. Taylor. 1997.  Botany of the Seward Peninsula.  Manuscript in preparation.

Kelso, S., Yurtsev, B. and D. F. Murray.  1994.  Douglasia beringensis (Primulaceae): a new species from northwestern Alaska.  Novon 4(4): 381-385.

Kelso, S. 1983. Range extensions of vascular plants from the Seward Peninsula, northwest Alaska. Rhodora 85: 371-379.
Kelso, S. 1989. Vascular flora and phytogeography of Cape Prince of Wales, Seward Peninsula,  Alaska. Canadian Journal of Botany 67: 3248-325

Lipkin, R.  1985.  Status report on Oxytropis kobukensis.  Alaska Natural Heritage Program, Anchorage, Alaska.  Unpublished report.

Major, J. and B. Dale.  1985.  Vegetation on Dall sheep range in the mountains of the western Noatak Valley.  US National Park Service, Alaska Region, 55 pp.

Mann, D. and C. Parker.  Geology and Ecology of the Great Kobuk Sand Dunes.  Progress Report 12/2/97.  Western Arctic National Parklands.  Unpublished report.

Markon, C. J. and S. D. Wesser.  1998.  The Northwest Alaskan Parks Land Cover Map. Open File Report 00-51.  U.S. Geological Survey, Anchorage, Alaska.

Markon, C. J. and S. D. Wesser.  1997.  The Bering Land Bridge National Preserve Land Cover Map and its Comparability with 1995 Field Conditions.   Open File Report 97-103.  U.S. Geological Survey.

McCune, B. and M. J. Mefford.  1999.  PC-ORD.  Multivariate Analysis of Ecological Data, Version 4.0. MjM Software Design, Gleneden Beach, Oregon, USA.

Melchior,  H. 1979. Biological Survey of the Bering Land Bridge National Monument.  Revised Final Report.  Fairbanks, AK: Alaska Cooperative Park Studies Unit. University of Alaska.

Murray, D. F. and R. Lipkin.  1987.  Candidate threatened and endangered plants of Alaska with comments on other rare plants.  University of Alaska Museum, Fairbanks, Alaska, 76 pp.

Murray, D. F.  1974.  Notes on the botany of selected localities in the Alatna and Killik River Valleys, central Brooks Range, Alaska.  Final Report, Contract No. CX-9000-3-0125 from NPS to UAF.

National Park Service. 1999.  Field Data Viewers for FirePro Vegetation Data: Cape Krusenstern National Monument, Bering Land Bridge National Preserve, Noatak National Preserve, Kobuk Valley National Park, and Gates of the Arctic National Park.  CD set created by Earth Satellite Corporation under contract to National Park Service Alaska Support Office, GIS Landcover Mapping Program, Anchorage, Alaska.

Neitlich, P. and L. Hasselbach. 1996.  Vascular and nonvascular vegetation reconnaissance of Walker Lake National Natural Landmark, Alaska. National Park Service: Gates of the Arctic National Park, Fairbanks, Alaska, USA.

Neitlich, P. and B. McCune.  1997.  Hotspots of epiphytic lichen diversity in two young managed forests.  Conservation Biology 11(1): 172-182.

Neitlich, P. and L. Hasselbach.  2000.  The macrolichens of Gates of the Arctic National Park, Alaska: inventory, cumulative records and status assessment.  Bryologist, in review.

Nowacki, G, P. Spencer, T. Brock, M. Fleming and T. Jorgenson.  2001 (in press).  Ecoregions of Alaska and Neighboring Territories.  USGS I Series Map _____ (number not yet known). DOI/USGS.  Reston, Va. http://agdc.usgs.gov/data/projects/fhm/ 1 map.
Odasz, A. M.  1986.  Distributions of 40 rare vascular plants in the Alatna River drainage of the central Brooks Range, Alaska.  Northwest Science 60(2): 104-107.

Palmer, M. W. 1990.  The estimation of species richness by extrapolation.  Ecology 71:1195-1198

Palmer, M. W.  1991.  Estimating species richness: the second order jackknife reconsidered.  Ecology 72:2215-2230.

Palmer, M. W.  1995.  How should one count species?  Natural Areas Journal 15: 124-135.

Parker, C.  1997.  New populations of Aster yukonensis, Great Kobuk Sand Dunes, Kobuk Valley National Park.  Western Arctic National Parklands, Kotzebue, AK.  Unpublished report.

Parker, C. and D. Murray.  1992.  Collecting Voucher Specimens for Documentation.  Unpublished report prepared for the Alaska Rare Plant Working Group.  University of Alaska, Fairbanks.

Racine, C. H.  1976.  Part II: Flora and vegetation.  In Melchior, H. R., ed.  1976.  Biological survey of the proposed Kobuk Valley National Monument.  NPS CX-9000-3-0136, CO#3, Alaska Cooperative Parks Studies Unit, 260 pp.

Racine, C. H., Johnson, L. A., and L. A. Viereck.  1987.  Patterns of vegetation recovery after tundra fires in northwestern Alaska, U.S.A.  Arctic and Alpine Research 19(4): 461-469.

Roland, Carl A. 1999.  Floristic Inventory of Denali National Park and Preserve project annual report. 24 pp.  Denali National Park, Denali Park, Alaska.

Rowland, E. L.  1997.  The recent history of treeline at the northwest limit of white spruce in Alaska.  M. S. Thesis, University of Alaska, Fairbanks, May 1997.

Stohlgren, T. J., Falkner, M. B., and L. D. Schell.  1995.  A Modified-Whittaker nested vegetation sampling method.  Vegetatio 117: 113-121.

Swanson, J. D., M. Schuman, and P. C. Scorup.  1985.  Range survey of the Seward Peninsula Reindeer Ranges, Alaska.  US Department of Agriculture: Soil Conservation Service.

Thomson, J. W.  1984.  American Arctic Lichens.  1: The Macrolichens.  New York: Columbia University Press.

U.S. National Park Service.  1991.  Flora of Alaska national parks.  National Park Service, Alaska Regional Office, Division of Cultural Resources, Anchorage, Alaska.

Viereck, L. A., Dyrness, C. T., Batten, A. R., and K. J. Wenzlick.  1992.  The Alaska vegetation classification.   Gen. Tech. Rep. PNW-GTR-2286.  Portland, OR: U. S. Department of Agriculture, Forest Service, Pacific Northwest Research Station. 278 pp. 

Wiggins, I. L., and D. G. MacVicar.  1958.  Notes of the plants in the vicinity of Chandler Lake, Alaska.  Contributions from the Dudley Herbarium 5(3) 69-95.

WEAR.  2000.  GPRA 5 Year Plan for Western Arctic National Parklands (WEAR).  National Park Service Planning Document, Kotzebue, Alaska.

Young, S. B., ed.  1974.  The environment of the Noatak River Basin, Alaska.  Center for Northern Studies.  Unpublished report.

� "ALA" is the official acronym given to the University of Alaska Museum Herbarium in the list of the world's herbaria published by the International Association for Plant Taxonomy (Holmgren, P. K., N. H. Holmgren, and L. C. Barnett. 1990. Index Herbariorum Part I: The Herbaria of the World. New York Botanical Garden, Bronx, NY. 693 pp. 








