A hierarchic approach for examining panarctic vegetation with a focus on the linkages between remote-sensing and
plot-based studies: A prototype example from Toolik Lake, Alaska
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Statement of the problem Hierarchic framework for studying Arctic vegetation
* A hierarchic scaling approach is needed for circumpolar remote-sensing studies, maps, and plot-
based studies that are used to understand the causes of Arctic vegetation change (e.g., Bunn & Remote
Goetz 2008; Bhatt et al. 2010; Eimendorf et al. 2012; Myers-Smith et al. 2015) (see Box 2). sensing and
* Studies at all scales rely on information from ground-based plot surveys collected during Arctic ground-based Integration
expeditions over the past century, but nowhere is this information compiled into a common monitoring Hierarchical levels, typical size of areas, and modeling
database for comparative studies and a circumpolar Arctic vegetation classification. tools tools and topics tools
% * Only a few areas have been intensively sampled and mapped, mainly in the vicinity of A - co——
- . . ircumpolar Arctic
> & - .a permanent Arctic observatories. Area: 7.1 x 1012 m?; Circumpolar Arctic. Tools: Pan-Arctic Flora, Arctic 1 1
} * Furthermore, although an abundance of plot data have been collected for some areas, much of Vegetation Archive, Circumpolar Arctic Vegetation Map. 2
=30 ? . . . . . oo . q eppe Topics: Circumpolar biodiversity; response to sea-ice and climate change; © "
Sl R s s : the information is project specific and is based on sampling protocols that are difficult to P 2 changes of circumpolar primary production, soil carbon, trace.gas fluxes; g g 0
e e R e compare across sites and scales of study. Many lack complete species lists, accurate taxonomic 5 9 panarctic phylogentic and phylogeographic studies. § 59 %
e e e s e s e determinations, and/or supporting photos, soil, environmental, and spectral data, which limits 3 . ‘—E R g
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the extrapolation potential of these data. c f z _ Regions _ £ 28§58 °©
Y ) = Typical areas: 108-1012 m?; countries, physiographic and phytogeographic = s E £
* Here, we provide a hierarchic framework for studying Arctic vegetation, an example of a § & z regions, large watersheds, ecoregions g §°§ g
hierarchic mapping database, a prototype Arctic Vegetation Archive from northern Alaska, and ¢ B & Tools: Regional floras, vegetation archives, classifications and maps. & T3 @
. k 2 T E Topics: Studies of the effects of regional climate, geographical history, I c
some suggestions for a more standardized approach to plot-based surveys. c 8 g glaciation and geology. * ®E 2
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. . e . : : o s Landscapes f €2 5
Circumpolar Flora and Fauna (CAFF) initiatives that advance a panarctic understanding © z Typical areas: 10*-10° m?; small watersheds, regions in vicinity of Arctic ° =
of Arctic vegetation: 2 2 observatories : . . Ea =
° ] g P Tools: Local floras, landscape-level vegetation surveys and mapping of typical =3 2
o Circumpolar Arctic Vegetation Map (CAVM Team 2003). ] E 3 .g environmental gradients and vegetation habitats. @ g %o
O 2 5 S Topics: Studies of the effects of toposequences, snow patterned-ground, _§ 2 §°
Collecting hand-held spectral data and plot-survey data on Hayes *  PanArctic Flora project (PAF): Elven et al. (2011). § y & %ﬁ hydrology, herbivory, etc. % E O
. . . . q q < o0 7,3 ) o =
Island, Franz Jozef Land, Russia. Arctic Biodiversity Assessment (Meltofte 2013). % § 8 g Plots and Plant Communities % g g
. Arctic Vegetation Archive (Walker et al. 2013). o = 2 Typical areas: 1-10* m?; vegetation study plots 2 ;—:’
= Tools: Plot-level vegetation surveys, descriptions and monitoring. g©
< Topics: Measurements, monitoring and analysis of species, biomass, soil,
snow, permafrost, environment, spectral characteristics and plant
4 ‘ responses.
Toward a simple consistent integrated approach for plot-based vegetation surveys
Ideal plant-community survey data for the AK-AVA (see Box 5):
* Vegetation-sampling protocols according to the Braun-Blanquet approach or equivalent (e.g. USNVC) 5 . . .
‘; * Centralized replicate sampling: Numerous observations in common habitat types and plant AIaSka ArCtIC VegEtatlon ArChlve (AK'AVA)
- M ——. " communities with homogenous microtopography, vegetation, and soil http://alaskaaga.gina.alaska.edu
= Minimal sample area: Sufficient to contain >95% of species in the plant community . — - - WA 2
* Plant species-cover estimates: For all vascular plants, lichens, mosses R R “’ N BT
= Canopy structure: Height and horizontal cover of vegetation layers, cover of plant functional types

* Permanently marked corners

 Site description: Coordinates, elevation, photos, slope, aspect, soil moisture regime, snow regime, pH,
landform, parent material, geology, surface geomorphology, active-layer thickness, disturbance types
and degree, stability

* Clip harvest for biomass

* Soils: Collection of top mineral horizon for physical and chemical analyses

» Spectral properties: Handheld LAI, spectroscopy
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Key features

Buvm.z]
a ng : * Currently contains species and ancillary
a 7 data for ~2000 plots in 21 datasets out of

&,
i ; il [ 2 3500 known Braun-Blanquet plots in

B [ P Arctic Alaska.

| * Species names are standardized

according to the Panarctic Species List

- scommecaarcn © (PASL) (Elven et al. 2011, Raynolds et al.

o 2013).

meemns | Links to ancillary data (e.g., soil &

environmental, plot photos, publications,

‘ biomass, spectral data).

— * Data arein .csv and Excel files, and a

R Turboveg database houses all datasets
‘ Jj using consistent terminology and header
data (Hennekens & Schaminee 2002).

* Follows database approach of the
European Vegetation Archive (Chytry et
al. 2015) and international vegetation

§ 1 database archiving procedures (Dengler

L= etal. 2011).

* A web-based portal provides access to
plot and map archives (see link above).

* A preliminary numerical analysis (left)
reveals the range of current habitat
types, how the current contents fall
within described Braun-Blanquet
syntaxa and major data gaps.

As with all floristic-based studies, the surveys require expert taxonomic determination of plant species.
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Plot-survey on Ellef-Ringnes Island, Canada.
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Recommendations for improving circumpolar vegetation surveys and monitoring

1. Arctic Observatories: Full vegetation surveys at permanent Arctic terrestrial observatories, with permanently marked and replicated vegetation
monitoring plots established in the full range of habitat types

2. Consistent criteria: Including, methods for marking plots; methods for surveying plants and the environment; full species lists for the vascular plants,
bryophytes, and lichens; methods for collecting and analyzing phytomass and ground-based spectral data

3. Periodic resurveys: Perhaps every 5-10 years, including species composition, ground-based measurements of biomass, leaf-area index, and NDVI

4. Link information to a hierarchy of maps at plot, landscape, regional, and circumpolar scales: Using standardized mapping legends for vegetation
classification and mapping

5. Coordinated observations by other disciplines: On the same or adjacent plots (e.g., plant taxonomists, vegetation scientists, soil scientists, permafrost
scientists, remote-sensing specialists, and animal ecologists)

6. Include areas of special concern and “hotspots” of productivity or biodiversity: Need to also survey critical areas not represented at the observatories
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Hierarchy of maps, scales, and research topics

for the Toolik Lake research station
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The goal: Consistent hierarchic map units, legends, colors, and
terminology for cross-scale comparisons and analyses

Future directions

Other prototype AVA databases are being developed for Greenland (Bliltmann & Daniéls 2013) and the Yamal
Peninsula region of northwest Siberia (Ermokhina 2013). Application to the entire circumpolar region will require
consensus approval of the approach with appropriate modification by the international group of Arctic vegetation
scientists. We anticipate many applications of the database for examining biodiversity, species distribution modeling,
vegetation change modeling, land-use planning, resource development, and education.

References

Bhatt, U.S. et al. 2010. Circumpolar Arctic tundra vegetation change is linked to sea ice decline. Earth Interact., Paper 14—008.
Blltmann, H., & Daniéls, F.J.A. 2013. Greenland data stored in the Arctic Vegetation Archive (AVA) in Miinster. Arctic Vegetation Archive (AVA) Workshop, Krakow, Poland, April 14-16, 2013, CAFF Proceedings

Series Report Nr 10, 29-32.

Bunn, A.G., & Goetz, S.J. 2006. Trends in satellite-observed circumpolar photosynthetic activity from 1982 to 2003: The influence of seasonality, cover type, and vegetation density. Earth Interactions, 10(12),

1-19.

CAVM Team. 2003. Circumpolar Arctic Vegetation Map. Conservation of Arctic Flora and Fauna Map (CAFF) Map No. 1.

Chytry, M. et al. 2015. European Vegetation Archive (EVA): an integrated database of European vegetation plots. Applied Vegetation Science, published on line 20 Aug 2015.

Daniéls, F.J.A. et al. 2013. Plants. In Meltofte, H (Ed.), (pp. 310-345). Akureyri: Conservation of Arctic Flora and Fauna.

Dengler, J. et al. 2011. The Global Index of Vegetation-Plot Databases (GIVD): a new resource for vegetation science. Journal of Vegetation Science, 22(4), 582-597.

Elmendorf, S.C. et al. 2015. Experiment, monitoring, and gradient methods used to infer climate change effects on plant communities yield consistent patterns. Proceedings of the National Academy of Sciences

of the United States of America, 112(2), 448-452. http://doi.org/10.1073/pnas.1410088112

Elven, R. (2011). Annotated checklist of the panarctic flora (PAF): vascular plants. National Centre of Biosystematics, Natural History Museum, University of Oslo.

Ermokhina, K. (2013). Yamal and Gydan vegetation datasets. Arctic Vegetation Archive (AVA) Workshop, Krakow, Poland, April 14-16, 2013, CAFF Proceedings Series Report Nr 10, 40-44.

Hennekens, S.M., & Schaminée, J.H. J. 2001. TURBOVEG, a comprehensive data base management system for vegetation data. Journal of Vegetation Science, 12, 589-591.

Ims, R.A., Ehrich, D., Forbes, B.C., Huntley, B., Walker D.A., & Wookey, P.A. 2013. Terrestrial Ecosystems. In Meltofte, H., A.B. Josefson, & D. Payer (Eds.), Arctic Biodiversity Assessment: Status and trends in
Arctic biodiversity (pp. 385-440). Akureyri: Arctic Biodiversity Assessment: Conservation of Arctic Flora and Fauna (CAFF).

Meltofte, H. (Ed.). 2013. Arctic Biodiversity Assessment: Status and trends in Arctic biodiversity: Synthesis. Akureyri: Conservation of Arctic Flora and Fauna.

Myers-Smith et al. 2015. Climate sensitivity of shrub growth across the tundra biome. Nature Climate Change. http://doi.org/doi:10.1038/nclimate2697Walker, D.A. (Ed.). 2014. Proceeding of the Alaska Arctic
Vegetation Archive Workshop, Boulder, Colorado, USA October 14-16, 2013. CAFF Proceedings Report #11.

Raynolds, M.K. et al. 2013. The Pan-Arctic Species List (PASL). Abstracts of the Arctic Vegetation Archive Workshop, 14-16 April, 2013.

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

Walker, D.A., Daniéls, F.J.A., Alsos, I., Bhatt, U.S., Breen, A.L., Buchhorn, M. et al. 2015 (submitted). A hierarchic review of circumpolar Arctic vegetation patterns, productivity, and biodiversity with a focus
on the linkage between remote-sensing and plot-based studies. Environmental Research Letters.

Walker, D.A., Breen, A.L., Druckenmiller, L.A., Wirth, L.W., Raynolds, M.K., Sibik, J., Walker, M.D., Hennekens, S. et al. 2015 (submitted). The Alaska Arctic Vegetation Archive (AK-AVA): A prototype for a

circumpolar database. Phytocoenologia.



