A hierarchic review of circumpolar Arctic vegetation
patterns and productivity
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Statement of the problem

Despite the importance of vegetation to studies of ecosystem change, all
methods of studying vegetation patterns and change rely on rather sparse
ground-based data collected during Arctic expeditions over the past
century.

Only a few areas have been intensively sampled and mapped, mainly in the
vicinity of permanent Arctic observatories.

Although an abundance of vegetation plot data have been collected for
various projects, much of the information is project specific and is based
on sampling protocols that are difficult to compare across sites.

Many lack:

1. Accurate location information and/or are not permanently marked, making it
impossible to accurately resample these sites or link them to satellite-based
observations.

2. Accurate taxonomic information. Determinations not supported by voucher
collections, particularly for the cryptogam species, which limits the
extrapolation potential of spatial distribution models that use these data.

3. Supporting photos, soil, environmental, and spectral data.



Overview of the talk

Hierarchic framework for vegetation studies.

Circumpolar-scale patterns:
— Relationship of vegetation structure and NDVI to zonal patterns.

Regional-scale patterns related to sea-ice and climate:
— Regional patterns related to glacial history and parent material.

— |IPY Arctic transects (North America and Eurasia):
* Methods of measuring vegetation spectral properties.
* What we learned.

Landscape-scale patterns.

Plot-scale observations.
— Arctic Vegetation Archive.

Recommendations.



A hierarchic framework for studying Arctic vegetation

Remote sensing

and ground-based Integration and
monitoring tools Scales, size of areas, typical topics, other resources modeling tools
A Circumpolar Arctic
Area: 7.1 x 1012 m?; Circumpolar Arctic. Tools: Pan-Arctic Flora, Arctic
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o Ti. 3 Typical areas: 1-10* m?; vegetation study plots w B -%’
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snow, permafrost, environment, spectral characteristics and plant
responses.



Plot-based studies of plant communities are the foundation for

Remote sensing vegetation studies at all scales
and ground-based Integration and
monitoring tools Scales, size of areas, typical topics, other resources modeling tools

A

Circumpolar Arctic
Area: 7.1 x 1012 m?; Circumpolar Arctic. Tools: Pan-Arctic Flora, Arctic
Vegetation Archive, Circumpolar Arctic Vegetation Map.
Topics: Circumpolar biodiversity; response to sea-ice and climate change;
changes of circumpolar primary production, soil carbon, trace-gas fluxes;
panarctic phylogentic and phylogeographic studies.

Regions
Typical areas: 108-1012 m2; countries, physiographic and phytogeographic
regions, large watersheds, ecoregions
Tools: Regional floras, vegetation archives, classifications and maps.
Topics: Studies of the effects of regional climate, geographical history,
glaciation and geology.

Landsat, SPOT
and species distribution models

= = General circulation models
Dynamic global vegetation change

Landscapes

Typical areas: 10%-108 m?; small watersheds, regions in vicinity of Arctic
observatories L o
@ Tools: Local floras, landscape-level vegetation surveys and mapping of typical ‘—‘;_ E
52 environmental gradients and vegetation habitats. K g
S g Topics: Studies of the effects of toposequences, snow patterned-ground, 2 >
e 9 hydrology, herbivory, etc. % (-
V - > 3
53 B E

© eg e

S Plots and Plant Communities 88
S Typical areas: 1-10* m?; vegetation study plots w B
Tools: Plot-level vegetation surveys, descriptions and monitoring. e (i

Topics: Measurements, monitoring and analysis of species, biomass, soil,
snow, permafrost, environment, spectral characteristics and plant

responses.

<= Acrial photographs and and VHR satellite imagery -
<= Hijerarchic geographic information systems and atlases

<= Pan-Arctic transects and observing networks
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Hierarchy of mapping scales for

northern Alaska reflects this hierarchic

framework

Circumpolar:

e Circumpolar biodiversity and productivity
variation due to global climate, land
temperatures, sea-ice distribution.

Regional:

e Variation due to geology, macro-
topography, climate, glacial and marine
history, parent material, large-scale
disturbance regimes.

Landscape:
e Variation due meso-topography, landscape
water and snow distribution.

Plot:

* Variation to due to patterned ground, micro-
topographic variations, small scale
disturbances.
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CAFF Circumpolar
Vegetation studies

The Conservation of Arctic Flora and
Fauna (CAFF) has promoted a
Circumpolar perspective for studying
the Arctic.

Some vegetation-related products

include:

* PanArctic Flora (PAF) (Elven et al. 2011).

* The Circumpolar Arctic Vegetation Map (CAVM
Team 2003).

* A CircumBoreal Vegetation Map (Talbot &
Meades 2011).

* Three chapters for the Arctic Biodiversity
Assessment (ABA Meltofte 2013).

* Arctic Vegetation Archive (Walker et al. 2014).

These products provide a consistent
framework for studying circumpolar
Arctic Vegetation.

CAVM version published in the Arctic Biodiversity Assessment,
Terrestrial Ecology chapter, Ims et al. 2013.



Arctic bioclimate

subzones

Russian zonal
approach (Yurtsev
1994 and
predecessors).

Modified by Elvebakk
(1999) for the Pan-
Arctic Flora.

Five subzones based
on dominant plant
growth forms and
mean summer air
temperatures.

p
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Non Arctic
Glaciers

Alaska Geobotany Center: http://
www.arcticatlas.org/maps/themes/

cp/cpbz




Correspondence between CAVM subzones and
AVHRR- derived total summer warmth at the ground surface
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Raynolds et al. 2008, RSE.

Inset map: CAVM bioclimate
subzones.

Main map: Zonation derived

from AVHRR-derived ground

surface temperatures.

 Summer warmth index (SWI) is
the sum of mean monthly

temperatures above 0°C
(1982-2003) (Raynolds et al.
2008).

e Strong general
correspondence between
the two maps.



Discrepancies between the CAVM and SWI zonal maps

Yamal and Gydan peninsulas, Russia

SWI subzones
CAVM subzones « All climate stations along

e — the coast.

. * Interior of the Yamal
Peninsula is warmer than
depicted on the CAVM.

Non Arctic

Overall, the SWI map
provides more detail
regarding steep temperature
gradients in mountains, on
islands and coasts.




IPY Greening of the Arctic Project

Examined the questions:
* How do circumpolar and regional NDVI trends relate to sea-ice and land-

temperature trends?
* And toin situ measurement of vegetation composition & structure and

the environment?

Sea-ice and Time-Integrated NDVI
change

Significance of sea-ice, climate and vegetation
change to
Arctic Social Ecological Systems.

Climate
Land Surface Temperature
Summer warmth index
Precipitation
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Are changes in sea-ice affecting regional land temperatures and
greening patterns?

Sea-ice and TI-NDVI change
(1982-2014)

TI-NDVI increasing and sea ice decreasing: T
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Summer Warmth Index ('C month)
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How does the in-situ vegetation relate to the patterns seen
from space?

Bioclimate subzone
‘ Glaciated
. Subzone A
Subzone B
Subzone C
Subzone D
Subzone E

‘ Non-Arctic
® Study location
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Raynolds et al. 2012. Remote Sensing Letters.

Examined regional
differences in zonal NDVI-
biomass relationships along
two Arctic bioclimate
transects.

NAAT: Continental Arctic
climate, relatively low grazing
intensity, mix of geologic
substrates.

EAT: Maritime Arctic climate,
high reindeer grazing,
relatively consistent marine
sediments (loams and sands)
at most sites.
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Sampling protocol along the Eurasia
Arctic Transect (EAT)

Krenkel Site 1

r|d onJ,onaI vegetahon Krenkel Hayes Islanmsm B

v Five 50-m transects, 500 point measurements at 0.5-m intervals (species composition top and bottom of
plant canopy, spectrometry, LAl, NDVI, thaw depth).

Five 5-m relevés (species composition, site factors, soil properties, soil temperature (i-buttons).
Five 20 x 50 cm biomass harvests (sorted according to plant growth forms, live-dead, woody-foliar).

15
1 soil pit with complete description and soil analysis.

AN



Integrated field studies of permafrost, soils, vegetation
and spectral properties
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Biomass clip harvest




Biomass sorting according to plant functional types

20 x 50 cm clip harvest

| T

Forbs Graminoids Dwarf Shrubs Horsetails Mosses Lichens

/N N NN N N

Live Dead Live Dead Live Dead Live Dead Live Dead
Evergreen Deciduous

/\

Woody Foliar Woody Foliar

ANV

Live Dead Live Dead 18
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NAAT @ ----- =
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o

both transects.

Raynolds et al. 2012, RSL.
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Total vascular and nonvascular aboveground biomass
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Total deciduous shrub
Total evergreen shrub
Total forb

Total graminoid

Live lichen

Live moss

Total deciduous shrub
Total evergreen shrub
Total forb

Total graminoid

™ Live foliar deciduous shrub
™ Live foiiar evergreen shub
¥ Live forb

¥ Live graminoid

HTotal live green
vascular

Differences in biomass and
canopy structure along the
two transects.

Generally more cryptogam
biomass along the EAT.
(More maritime climate?)

More evergreen shrubs,
graminoids and total vascular
plant biomass along the NAAT.
(Less grazing?)

Green vascular-plant biomass
generally lower in the High
Arctic of the EAT (colder,
snowier conditions?).
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Understanding the variation in horizontal and vertical structure of vegetation
with respect to summer temperature is the key to understand zonal variation of
spectral properties.

Factors affecting the NDVI/Biomass relationship:

* Horizontal structure (cover of plants vs. bare soil),

* Vertical structure (number of layers, height of the vegetation),
 Amount of dead or woody vs. green foliar biomass,

* Dominant plant functional types.

- Shrub stature is particularly important. | .| A: No shrubs.
| o ' B: Prostrate dwarf shrubs (<10 cm tall).
V _: Hemi-prostrate dwarf shrubs (<25 cm
At L\ tall) and prostrate dwarf shrubs.

Erect dwarf shrubs (<50 cm tall).

: & D E E: Erect dwarf shrubs and low shrubs
Tundra Bioclimate Subzone warme: . (>50 cm tall).

21



Theoretical vertical and horizontal structure of zonal Arctic

Vertical structure

Maximum thickness or height (cm)
D
o

Horizontal structure

U o N 0 VO
O O © © o

= N W
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(o)
o

Cover (%)
(o))
o

20

0

—T

A

I

A

vegetation

Zonal

OMoss/lichen | ayer

OHerbaceous layer
l—l_H OShrub layer
B C D E

OCover of mosses and
lichens (%)

O Cover of herbaceous
layer (inc. prostrate
shrubs) (%)

—‘ O Cover of erect shrubs

B C D E
Bioclimate subzone

Erect shrubs (>20 cm high) are
generally absent in the High
Arctic, but increase
exponentially in height and
cover in the Low Arctic.

Horizontal covers of mosses
lichens and graminoids
increase most strongly with
temperature (and soil
moisture) in the High Arctic.

(Based on Walker et al. 2005, Table 1, and information from Matveyeva and Chernov 1998).



Vertical structure

Horizontal structure

But to fully understand the NDVI information, we also need to examine other
parts of the landscape, particularly what is happening in riparian habitats.

Zonal Riparian
E 90 — 250
g £
= 80 — S
£ 200 ]

%" 70 'gn
i —
. 60 OMoss/lichen | ayer £ O Moss/lichen | ayer
5] » 150
a 50 o
4] OHerbaceous layer a O Herbaceous layer
c 40 4]
= < 100
g 30 Bshrub layer S OShrub layer
£ 20 = 50
w0 r—rﬂ : J_H j
= |_|_|—| £ —_ —I1 —1
@ O %= 0
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120 120

O Cover of mosses and O Cover of mosses and

Lo lichens (%) Lo lichens (%)
g 80 ] g 80 —_
% [ Cover of herbaceous % 60 O Cover of herbaceous
o layer (inc. prostrate o

40 40 layer (inc. prostrate
shrubs) (%) shrubs) (%)

20 —‘ 20 —’
O
. Cover of erect shrubs 5 B Cover of erect
A B C D E A B C D E shrubs
Bioclimate subzone Bioclimate subzone

* Vertical and horizontal structure of erect shrubs increases dramatically with temperature
in Low Arctic riparian areas compared to zonal sites (note change of vertical scale for
riparian vertical structure).




Height and growth rings of Salix lanata along the Arctic Alaska
coastal temperature gradient

Coastal temperature gradient

along the Dalton Highway

Maximum height of willows in open

tundra vs. riparian habitats
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in open tundra environments.
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r-= 0.96, p = 0.002

Open Tundro Willows
o0—y = 0.05x -10.3
r =082, p=003

L] T 1 L] 1
200 400 600 800 1000
Thawing Degree-days (°C)

Riparian willows show
strong growth response to
increased temperature
south of Prudhoe Bay.

Open tundra willow
response is relatively
subdued.

Likely due to relatively
warm soils and high
nutrient fluxes along
streams compared to cold
nutrient-poor soils of
open tundra sites.

Walker. 1987, Can. J. Bot.
24
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* The zonal-biomass —
NDVI relationship may
better be described by
two equations:
* High Arctic (strong
linear relationship
EAT
° . below about 500 g/
\.\ - mZ)’
* Low Arctic (nearly flat
above about 500 g/
m?2).
Raynolds et al. 2012, RSL.




Conclusions from EAT and NAAT biomass effort

Biomass trends:

* Interpreting the NDVI-biomass relationships requires a better
understanding of the ground conditions.

* The previous interpretation of the biomass NDVI relationship as a
continuous curve may be better interpreted as two curves that represent
a state transition from dominance of prostrate shrubs to erect shrubs at
the High/Low Arctic boundaries.

Methods:
* More transects and sampling are needed to confirm these trends.
* With some modification, this relatively simple sampling method used

along the EAT could be used by other researchers to monitor Arctic
phytomass consistently across the Arctic.

* A network of sampling locations could be set up at many locations
including most of the Arctic Observatories.

* More effort is needed to sample riparian and other habitat types along the
climate gradients.



A closer look at the prostrate-shrub/erect shrub
transition at the regional scale, North Slope, Alaska

Dry Prostrate-shrub
] Tundra and Barren

Moist Graminoid,
l—] Prostrate-shrub Tundra

Moist Tussock-
graminoid, Dwarf-shrub
Tundra

Moist Low-shrub Tundra
= and other Shrublands

Wet Graminoid Tundra

P water
Clouds and ice

I Shadows

pH boundary between

_ Moist Non-acidic Tundra
(MNT) and Moist Acidic
Tundra (MAT)

165° W 160° W 155° W 150° W 145° W 140° W

150
Kilometers

145° W

Landsat-derived classification by Muller et al. 1999. /JRS.

* Boundary between graminoid, prostrate-dwarf-shrub tundra and graminoid erect-
dwarf-shrub tundra is striking.
e Corresponds to a climatic boundary (subzone D and E) and pH boundary (nonacidic and

acidic).
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Kuparuk River region (southern part of the NAAT)

North of the pH

boundary: Abundant
bare soil (frost boils) and
dead sedge vegetation,
few erect shrubs, low

NIR reflectance.

South of the pH

boundary: Abundant
erect shrubs, high NIR

reflectance.

70°N

LANDSAT
False-color infrared

151°'W 150° W 149° W

Vegetation

150° W

149° W

Legend

Dry Prostrate-shrub
- Tundra and Barren

Moist Graminoid,
= Prostrate-shrub Tundra

Moist Tussock-
" | graminoid, Dwarf-shrub
Tundra

o Moist Low-shrub Tundra
and other Shrublands

~ | Wet Graminoid Tundra
P water

| Clouds and ice

I Shadows

« — - Kuparuk River
L - —* watershed boundary

pH boundary between

_ . Moist Non-acidic Tundra
(MNT) and Moist Acidic
Tundra (MAT)

—— Dalton Highway

0 40 80

[ SS—
Kilometers
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Landscape-level relationships
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Landscape-level analysis
Glacial geology & SPOT-derived NDVI relationships
in the Upper Kuparuk River region

Upper Kuparuk River Region
NDVI/Biomass

NDVI  Estimated
Biomass

gm°)

<014 W 025
014032 26-75
033040 76-150
041.0.45[] 151-300
0.46-0.48 [1] 301-500
0.490.51 [l 501-1000
>0.51 W >1000
= Roads

- - Pipeline

Area (%)

iy
N

Itkillik | b, sagavanirktok
1 o>
= AT = 125,000 yr ol¢
9 4
Itkillik I
8 -
S
7
/
6 /
; |
/ |
* 1
3
2
1 i
(ERRRRTERY
035 040 045 050  0.55 060 065  0.70
NDVI

Upper Kuparuk River Region
Glacial Geology
Bedrock
Bedrock with discontinuous cover
Drift of Sagavanirktok River, indifferentiated

Drift of Sagavanirktok River, late advance
W Orift of itkillik age, undifferentated
Drift of itiilik Phase |
1 Drift of iticlik Phase Il
"Z [ Orift of Miilik readvance
Outwash of Sagavanirkiok River, late advance
Outwash of Ikillik Phase |
Outwash of Ikillik Phase Il
& [ Outwash of latest Itilik readvance
% I ke-contact depasits
M Active kettles
Undifferentiated lacustrine deposits
Undifferentiated gravel and beach deposits
I Undifferertiated colluvial depasits
g ice-rich sit deposits and colluvial basins
= [l Undifferentiated fan deposits
3 Undifferentiated alluvium

= Roads
- - Pipeiine
s
Porey
n

s map shows ac version of Thomas Ham
ghcal gedo of the upper Kapar v mgon
00 2001

*  Younger to older surfaces spanning about
125,000 years

* General increase in NDVI and total landscape

biomass/unit area with landscape age.

*  Note: The structure of the landscape
changes with age, with a lot more water
tracks (drainages) with large amounts of
shrubby biomass.

Walker et al. 1995, Polar Record
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Linkage of Upper Kuparuk River glaciation study to
plot NDVI and biomass data

Polar Record 31 (177): 147-154 (1995). Printed in Great Britain. 147

60 plots: Biomass & NDVI (PS-2, SPOT) (Walker et al. 1995)

Biomass and leaf-area index maps derived from SPOT

images for Toolik Lake and Imnavait Creek areas, Alaska Dry Molst e _ Shrubland
dwarf- b, inoid, id

Margaret M. Shippert, Donald A. Walker, Nancy A. Auerbach, and P"gﬂ%ﬁgﬁng“ n.u‘:fc';“sﬁ:':hm dg‘:::,::mb gr.‘u','::::

Brad E. Lewis tundra tundra

Institute for Arctic and Alpine Research, Campus Box 450, University of Colorado,
Boulder, Colorado 80309-0450, USA

Received July 1994

ABSTRACf A new emph. d ding natural sy at large spatial scales has led to an interest in deriving
bles from salclluz refl |magcs The lized difference veg, index (NDVI) is a measure

of canopy greenness that can be derived from reflectances at near-infrared and red wavelengths. Por this study we

investigated the relationships between NDV1 and leaf: index (LAI), pted photosynth Ily active

(IPAR), and biomass in an Arctic tundra ecosystem. Reflectance spectra from a portable field spectrometer, LAL IPAR,
and biomass data were collected for 180 vegetation samples near Toolik Lake and Imnavait Creek, Alaska, during July
and August 1993. NDVI values were calculned from red and near-infrared reflectances of the field spectrometer spectra.

5 =

COMMUNITY Dry acidic  Dry nonacidic Moist acidic Moist noonddk Wet acidic Wet nonacidic
GROUPS: sites sites sites sites sites sites

Strong lincar relati are seen b mean NDVI for major vegetation categories and mean LAI and biomass.
The relationship between mean NDVI and mean IPAR for these categories is not significant. Average NDVI values for

major vegs categories

d from a SPOT image of the study area were found to be highly linearly correlated

10 average field NDVI measurements for the same categories. This indicates that in this case it is appropriate to

equations derived for field-based NDVI measurements to NDVI images.

p o
Using the regression equations for those

relationships, biomass and LAI images were calculated from the SPOT NDVI image. The resulting images show

expected trends in LAI and biomass across the landscape.
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Introduction
Advantages of remotely sensed observations of
ecological variables

The new emphasis in the natural sciences on the under-
standing of global scale phenomena has prompted ecolo-
gists 10 seek methods by which ecological data can be
collected at large spatial scales. For example, calculating
fluxes of trace gases from a region would require estimates
of the spatial extent and variability across the region of
conlagicrh vasigbsabar canes! dhe e finyne, Grllasling
fluxes of trace gases from a region would require estimates
of the spatial extent and variability across the region of

Objective of this study
The objective of this study was to investigate the feasibility
of deriving variables of ecological interest from satellite
multispectral reflectance images of Arctic tundra. A
particular interest in studying aspects of the carbon cycle
led toexamining the relationships between reflectance and
biomass, leaf-area index (LAI), and intercepted
ph Ily active radi (IPAR), because these
ecologlcal variables are relevant to this cycle. LAlis a
measure of the density of foliage. IPAR is an indication of
the photosynthetic rate of the canopy. Biomass is a
measure of the amount of carbon stored in the canopy.
Many previous studies have examined relationships be-
tween reflectance and biomass, LAI and IPAR in temper-
ate ecosystems and crops (for example, Biscoe and others
1975; Hodges and Kanemasu 1977; Asrar and others
I‘)Ki) LAI and IPAR have been used in crop yield and
models and ing ef-
|97S Hodges and Kanemasu 1‘)77 Asrar and others
1985). LAl and IPAR have been used in crop yield and

ecological variables that control these fluxes. Coll
of such data through field surveys ls usually no( feasible

of fi landtimel R ly sensed
reflectance data provide an alternative means for making
these estimates.

Additional advantages of remotely sensed reflectance

models and ing ef-
fovls (for cxample Wiegand and others 1979; Steven and
others 1983; Hatfield and others 1984)
Vegetation indices
When sunlight falls on green vegetation, red wavelengths
(nw 0 6 um) are absorbed by chiloroplasts, while near-

data include the non-destructive nature of refl

! hs (0.7-0.9 pam) are reflected. Because

measurements. Moreover, they record the actual rather
than the potential state of ecological variables, because
they include any local pcﬂurbauons For example, effects
of in soils, topography, veg history, dis-
rb gl or anthropogy perturbations (such as
agriculture and development) are inherent in remotely
sensed data (Box and others 1989; Prince 1991; Walker
and Walker 1991). C ly used biocli
of ecological variables, on the other hand, can only de-
scribe the vegetation that is expected on the basis of
average climatic conditions.

this spectrum is umque 10 vegetation, one way 10 infer the
amount of vegetation existing in a pixel of a multispectral
reflectance image is 10 compare the reflectance for that
pixel at red wavelengths to the reflectance at near-infrared
wavelengths. If the near-infrared reflectance is much
larger than the red reflectance, then presumably there is a
considerable amount of green vegetation present. The use
of a ratio of near-infrared to red light for estimating
vegetation amount was first reported by Jordan (1969). He
used a ratio of light transmitted to the forest floor at 0.800
and 0.675 um to derive the leaf-area index for forest
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Biomass vs. Field NDVI Analysis of Toolik NDVI-biomass relationship

Biomass (glm’)

—— by different groupings of the plot data
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Interpretation of vegetation at all scales is based on plot-level
surveys of vegetation, soils and site factors

Toposequence at Imnavait Creek (Sagavanirktok glacial surface, 125,000 yr old)

Walker et al. in

Reynolds and
Tenhunen
(1996).

Elevation (m)

CREST SHOULDER UPPER BACKSLOPE LOWER BACKSLOPE FOOTSLKPE
Surface Forms:
Rocky glacial till, Nonsorted stripes, Nonpatterned, Water tracks, Gelifluction features,
nonsorted circles nonsorted circles nonsorted circles gelifluction features water tracks
Soil Type:
Pergelic Cryumbrept Stripes: Pergelic Pergelic Cryaquept, acid Between Water Tracks: Histic Pergelic Histic Pergelic Cryaquept, acid
Cryumbrept Cryaquept, acid
Between Stripes: Pergelic Water Tracks: Pergelic Cryaquept, acid
Cryaquept, nonacid
Vegetation
Physiognomy:
Dry prostrate-shrub, Stripes: Dry dwarf-shrub, : Moist tussock-graminoid, Between Water Tracks: Moist dwarf-shrub, Moist or wet dwarf-shrub,

fruticose-lichen tundra

fruticose-lichen tundra
Stripes: Moist

tussock-graminoid,

dwarf-shrub tundra

dwarf-shrub tundra

tussock-graminoid (or nontussock graminoid)
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Water Tracks: Wet low-shrub tundra

graminoid, moss tundra
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Stripes: Dialap-Castet,
Caline

Sphrub-Erivag, Erivag
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Plot-level observations
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Alaska Arctic Vegetation Plot Archive

Authors: D.A. Walker, U.S. Bhatt, A.L. Breen, M. Buchhorn, L.A. Druckenmiller, H.E. Epstein, W.
Fisher, S. Hennekens, M.K. Raynolds, J. Sibik, M.D. Walker, L.M. Wirth

Collaborators: K. Boggs, T. Boucher, H. Biiltmann, D.J. Cooper, F.J.A Daniéls, J.J. Ebersole, S.C.
Elmendorf, W.A. Gould, B.D. Hollister, C. Iverson, A. Kade, M.T. Jorgenson, M.T. Lee, M.H. MacKenzie,
IS.K. Peet, U. Schickhoff, V. Sloan, S.S. Talbot, C.E. Tweedie, S. Villarreal, P.J. Webber
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The Arctic vegetation archive is modeled after
the European Vegetation Archive (EVA).

The European Vegetation Archive: A methodology for handling

massive vegetation databases.

- Appled Vegetobon Science i 1201 ¢
Vegetation Databases for the 21* Century [SU2] — T —
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Species data and a select set of environmental header
data are in a single Turboveg database and separate .csv
files for each dataset

Turhovey for Windows Turboveg
i : Database management system
N N R for the storage, selection, and
- i export of vegetation data

< Database: Bushveld
EC: Kerton-on-Sea, West Beach, 500 m € of Bushmans River Mouth, wind-swept top |

EC: Kerton-onrSea, headland at the Bushmans River Mouth; krantz of coastal ciff [ae- p
EC: Kerton-on-Sea, Bushmanstiviermond; young maritme £ sand dune (foredune) at b |2 i1 I— | L Ove

cnvSea, Bushmansiivietmond; yourg markime <2 sand dune (foredune) at t sis [ 1|2 re eves

ron-Sea, Buthmansiviemond, 8t parking bol, p; partly stabdsed mastime sar—] | 4 3| L]
EC: Carnon Rocks [by Kenton-on'Sea). beach: sand dunes at feet of a coastal Ihx:ke! Cypetus esculertus
EC: Carnon Rocks (by KentorronSea), beach; maritime sand dune (foredune) 1 Gamochaeta coxctata
EC: Cannon Rocks (by Kenton-onSea), beach; maritime sand dune [foreduns] | Acanthospeim suslrale
EC KertorronSea, Ghio Marsh Nat Res. [neas Bushmans Rives). sak marsh neas ive,

v Free for:
- i:?ii%ﬁﬁ%%mm D(Sond)wah ' s private use
TS o Dot s i  students
iR - ' * institutes or universities which
don't have sufficient
resources to buy the software.
v/ Easy import into vegetation
analysis programs (e.g., JUICE,
Twinspan, Canoco, Excel,
Mulva).

Emtmrtm mbtcmnlomys
Emt clayeg-osmy sod
__|EC: Tran: ethurba ZCl:mEolMagoshen

[ Rec: 113 bl tiflora - I pece

FARAEARIPARARARIEAES = (9

Press F1 for Help

| Abtus laevigatus < Tutboveg for Windows
Abtus precatoeus 5. sficanus Fle E® Bookmok Options Help

| Abtus precatorius =l
Seach ... Corterts] Gearch | Bock [ Pt [ <« [ » |

Lages & | Add ecological indicator values
[0~ No layer -

Menu: Edit | Add indicator values

Save

This option serves to calculate the mean, standard deviation, median, and
number of observations of ecological indicator values (e.g. Ellenberg
values for nitrogen, pH, etc.) of each relevé and stores these data in
separate columns in the database. Ifthe columns are not yet present, they
will be added automatically to the database.

Range ofmevés Snetw the range of relevé numbers on which you want

o nardara

Hennekens, S. M., & Schaminée, J. H. J. (2001).
TURBOVEG, a comprehensive data base

. management system for vegetation data.
http://www.synbiosys.alterra.nl/turboveg/ Journal of Vegetation Science, 12, 589-591,



Data portal

Map and Plot Data for t,lm
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Three major components of the geoecological atlas
Data Portal

Map and Piet Dute fee M
Alaska Arctic Geoecological Atlas

B AMAE Wi P e ey Aelin ety

5.7 3

Map Archive SEEEE Plot Archive

Plot Archive
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Map and Plot Data for {BOVE
Alaska Arctic Geoecological Atlas

Contact Us

Home ABOVE MapArchive PlotArchive Deta Catalog AboutUs

Data currently in the AK-
AVA Plot Archive

PLOT DATASETS

o

s oms 16 completed datasets.
) e 1603 plots.

Dataset Status
@ Complete data record @
0 3

wetMag kmprove this map

Cick on a dataset number 10 display author, year number of plots and a ste photo

for the Arctic
the vegatation data

The Alaska Arctic Vegetation Aschive (AAVA) is a prototype datab
Vegatation Acchive (AVA). The goal of the AVA is 10 unité and harr
from the Arc t for use in developing & pan-Arclic v
10 faciitate resean sity change and ecosystem mod
open-ac tab

biom
1 vegetation and bi
ase wil be the first to represent an entire global biome.

The AAVA tlizes 1 ' V (Hennekens and Schamines 2001), which s a
comprehensive data managemant system for vegetation-piot cata, Our data model Is a set
omprise our relational database. More information about the structure of the
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Distance (Objective Function)
¢ privhh
Information Remaining (%)

Preliminary
cluster analysis
of AK-AVA data

Full dendrogram showing
all relevés

e 1603 plots analyzed
‘ (I L , according to floristic
11 A R ) (R similarity.

i i Wi | ‘ * 17 high-level clusters
il (above the red line) show
the highest “separation
power” (next slide).

The two bottom color
bars show the habitat
type and datasets of the
plots.




Preliminary cluster analysis of AK-AVA data: Top 4 and top 17 subclusters: sorted by

.o
s : habitat type and dataset.
o Cluster Analysis Dendrogram
[ 1
A.Wet marsh, fen, riparian, late-melting snow B. Moist to dry acidic C. Most to dry D. Dry non-acidic tundra,
and pioneering communities dwarf-shrub communities alpine communities steppe tundra and barrens
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Habitat Types Plot Datasets
Aquatic wetlands Moist acidic graminoid-dominated tundra ATLAS 1 (Edwards et al. 2000) Imnaviat Creek (DA Walker et al. 1987)
Arctophila, Sparganium, etc. Mostly Erioph with erica s shrubs Barrow, Atgasuk, Ivotuk, Oumalik
Wet tundra Moist nonacidic graminoid-dominated tundra ATLAS 2 (Raynolds et al. 2002) Legacy Studies (DA Walker et al. 1996)
Carex aquatilis, Carex spp, Eriophorum spp. Carex bigelowii, Eriophorum, Dryas integrifolia, Salix spp., Tomentypnum Coundl, Quartz Creek Barrow, Barter Island
Wet saline communities Dry graminoid, and forb dominated communities [ Arrigetch Peaks (Cooper 1983) [l Oumalik (Eberscie 1985)
'g Carex , Puccinedlia ph des, Dupontia Zoogenic communities on pingos, bird mounds, animal dens, many steppe communities
[ . Wet and late-lying mostly mossy snowbed communities Dry acidic dwarf-shrub tundra . Atqasuk (Komarkova and Webber 1980, Pingos (MD Walker 1990)
g\ Includes Salix rotundifolka snow beds Enicaceea, Cassiope, Arctous, Salix phiebophylla Villarreal 2013) Kadleroshilik, Kuparuk, Prudhoe Bay, Toolik River
-l . Moist to wet riparian shrublands and subalpine shrublands . Barrow (Sloan et al. 2014) . Poplars (Breen 2014)

Salix pulchra, S. alaxensis, S. richardsons

Moist to wet alder shrublands
Alnus

Dry nonacidic dwarf-shrub tundra

Dryas

Dry dwarf-shrub snowbed communities
Cassiope and lichens

Dry to wet barrens, pioneering and crevice communities
Many frost boil communities, dunes, talus slopes, pioneering communities on river bars

[ Others

. Barrow (Webber 1978, Villarreal et al. 2012)
Moist to wet acidic dwarf-shrub tundra
Salix pulchra and Betula nana mixed with Sphagnum and Ericaceous shrubs

Moist to dry low-shrub tundra on south facing slopes
Sallix, Juniperus, Betula, Dasiphora

. Moist to dry deciduous forest enclaves
Populus

Frost Boils (Kade et al. 2005)
Deadhorse, Franklin Bluffs, Happy Valley, Howe Island,
Sagwon MNT/MAT, West Dock

. Happy Valley (DA Walker et al. 1997)

Cluster A: Wet tundra, wet snowbeds, riparian shrublands, poplar groves, azonal and pioneering communities:

Cluster B: Acidic tundra types including tussock tundra, dry dwarf-shrub heaths: 233 plots.
Most alpine plant communities with high cover of forbs and grasses: 269 plots.
Dry non-acidic tundra and steppe tundra vegetation: 382 plots.

Sibik et al. 2015 in prep.

Arctic and boreal Alaska, Northwest Canada
Prudhoe Bay (DA Walker 1985)

. Toolik Lake (DA Walker, Barry 1991)

. Willows (Schickoff et al. 2002)
Dalton Highway: Brooks Range to Deadhorse

684 plots.
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Recommendations for monitoring future
biomass and productivity changes

. Arctic Observatories: Fulll vegetation surveys at all locations, with permanently

marked and replicated vegetation monitoring plots established in the full range of

habitat types.

. 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.

. Periodic resurveys (perhaps every 5-10 years) including ground-based

measurements of biomass, leaf-area index, and NDVI.

. Link information to maps using International standards for vegetation classification

and mapping.

. Coordinated observations by other specialists on the same plots (e.g., soil

scientists, permafrost scientists, remote-sensing specialists, and animal ecologists).

. Areas of special concern and “hotspots” of productivity or biodiveersity: Need to

also survey critical areas not represented at the observatories.



Conclusion

e Although space-based methods of monitoring are the only means to
detect circumpolar-scale patterns of productivity and biomass changes,
the satellite data cannot detect changes to diversity of Arctic species or
many of the subtle structural changes or changes to ecosystem
processes that can only be observed with coordinated ground-based
monitoring.

* Moving forward with our exploration, description, and analysis of the
vegetation in the Arctic tundra biome will require greater attention to
unified collaborative approaches to improve sampling and sharing of plot
information.

* High priority should be given to developing plot-based survey methods
and datasets that lend themselves to hierarchical studies at landscape,
regional and panarctic scales using remote sensing.



