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Photo:	  Ina	  Timling	  	  Biomass	  Workshop,	  Fairbanks,	  2-‐4	  Sep	  2014	  



Zonal phytomass is strongly correlated  to 
NDVI across two Arctic transects.   

Raynolds, M. K., D. A. Walker, H. E. Epstein, J. E. Pinzon, and C. J. Tucker. 2012. A new estimate of 
tundra-biome phytomass from trans-Arctic field data and AVHRR NDVI. Remote Sensing Letters 
3:403–411.	
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How is such a tight correlation across two transects possible given 
the known high spatial variability in Arctic vegetation biomass? 	




Choosing	  sample	  loca$ons	  
at	  the	  global	  scale	  

	  

•  Key	  is	  to	  sample	  zonal	  
vegeta$on.	  

•  Circumpolar	  Arc$c	  Vegeta$on	  
Map	  portrays	  mainly	  zonal	  
vegeta$on	  of	  the	  Arc$c	  Tundra	  
Zone	  with	  some	  large	  areas	  of	  
of	  azonal	  complexes	  (wetlands,	  
and	  mountainous	  areas).	  

Walker,	  D.	  A.,	  M.	  K.	  Raynolds,	  F.	  J.	  A.	  Daniels,	  E.	  Einarsson,	  A.	  
Elvebakk,	  W.	  A.	  Gould,	  A.	  E.	  Katenin,	  S.	  S.	  Kholod,	  C.	  J.	  Markon,	  E.	  S.	  
Melnikov,	  M.	  N.	  G,	  S.	  S.	  Talbot,	  B.	  A.	  Yurtsev,	  CAVM	  Team.	  2005.	  The	  
Circumpolar	  Arc$c	  Vegeta$on	  Map.	  Journal	  of	  Vegeta$on	  Science	  
16:267–282.	  



Hayes	  Island,	  Russia	  
Photo:	  D.A.	  Walker	  

Vegeta$on	  sampling	  is	  part	  of	  integrated	  field	  studies	  at	  zonal	  study	  sites	  along	  
Pan-‐Arc$c	  transects	  in	  North	  America	  and	  Eurasia	  

If	  the	  ques$on	  is	  how	  does	  climate	  affect	  general	  
vegeta$on	  pacerns,	  focus	  on	  Zonal	  sites.	  	  



Sampling	  teams	  visit	  the	  sites	  together	  and	  simultaneously	  
collect	  data	  from	  the	  same	  piece	  of	  land	  at	  the	  same	  $me.	  

Biomass Point sampling NDVI and LAI 

Active layer 

Soils Relevé 

Permafrost boreholes 

Climate 



Sampling	  strategy	  for	  zonal	  sites	  along	  the	  	  
Eurasia	  Arc$c	  Transect	  

Centrally locate 50-m sites in 
large patches of zonal 
vegetation.!

Sites on loamy and sandy 
soils.!

Transects: 5 50-m transects for 
LAI, active layer, NDVI, 
quantitative cover 
measurements."

Relevés and clip harvest: 5 
5x5-m relevés with central 
biomass harvest site 
(adjusted to ensure 
sampling zonal vegetation)."

Soil pit: 1 soil pit at each site."
"  



Arc$c	  bioclimate	  
subzones	  

Dominant	  plant	  growth	  forms	  on	  zonal	  sites	  	  
in	  each	  subzone	  

	  
	  A	  –	  mosses,	  liverworts	  and	  lichens	  with	  some	  
grasses	  and	  forbs	  
	  B	  –	  rushes	  and	  prostrate	  dwarf	  shrubs	  with	  
mosses,	  liverworts	  and	  lichens	  	  
	  C	  –	  hemiprostrate	  and	  prostrate	  dwarf	  shrubs	  
with	  bryophytes	  and	  lichens	  	  
	  D	  –	  sedges,	  erect	  and	  prostrated	  dwarf	  shrubs	  
with	  bryophytes	  and	  lichens	  
	  E	  –	  tussock	  sedges,	  low	  and	  erect	  dwarf	  shrubs	  
with	  bryophytes	  and	  lichens	  
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Russian	  approach	  to	  zona$on	  of	  the	  Arc$c	  
•  Based	  on	  geobotanical	  
subdivisions	  first	  proposed	  
in	  the	  1930s	  (Gorodkov	  
1935)	  and	  modified	  by	  
Alexandrova,	  Andreeva,	  
Sochava,	  Yurtsev	  and	  
others.	  

•  Zones	  and	  subzones	  are	  
characterized	  by	  the	  
vegeta$on	  and	  soil	  that	  best	  
express	  the	  regional	  
climate.	  

	  



Russian	  zonal	  and	  phytogeographic	  framework	  

•  The	  CAVM	  followed	  the	  
approach	  of	  Yurtsev	  (1978,	  
1994,	  1995)	  and	  modified	  by	  
Conserva$on	  of	  Arc$c	  Flora	  
and	  Fauna	  project	  (CAFF)	  
(Elvebakk	  et	  al.	  1999).	  

	  	  

	  

B.A. Yurtsev (1932-2004) 

Photo of Boris Yurtsev, 	




Yurtsev’s	  (1994)	  phytogeographic	  and	  
floris$c	  subdivisions	  of	  the	  Arc$c	  	  

z	




Thompson River vicinity, Banks Island, Canada 
Photo: D.A. Walker  

Real	  landscapes	  are	  much	  more	  complex	  than	  the	  map.	  	  



Thompson River vicinity, Banks Island, Canada 
Photo: D.A. Walker  

Real	  landscapes	  are	  much	  more	  complex	  than	  the	  map.	  	  

Vegeta$on	  scien$st	  



Where’s the zonal vegetation?	




Zonal	  state	  is	  a	  $ny	  
frac$on	  of	  total	  suite	  of	  

possible	  states	  of	  
vegeta$on.	  	  

•  Zonal	  state:	  point	  in	  a	  
landscape	  where	  
climate	  is	  the	  primary	  
controlling	  variable	  and	  
other	  site	  factors	  are	  
moderate.	  

•  The	  plakor	  in	  Russian	  
literature	  (Vysotsky	  
1909,	  etc.,	  Razzhivin	  
1999).	  	  

•  Mesic	  vegeta$on	  on	  
loamy	  soils	  with	  no	  
extremes	  of	  snow,	  soil	  
chemistry,	  soil	  texture,	  
water,	  disturbance	  etc.	  



Slope and aspect	
Soil moisture	


•  Many	  factors	  modify	  
the	  zonal	  state,	  oien	  
making	  it	  difficult	  to	  
locate	  the	  zonal	  
situa$on	  in	  complex	  
landscapes.	  	  

•  In	  some	  situa$ons	  
(e.g.	  highly	  modified	  
landscapes)	  true	  zonal	  
sites	  may	  not	  be	  
present.	  	  

Colors	  represent	  vegeta$on	  along	  various	  gradients	  away	  from	  the	  
zonal	  situa$on.	  	  
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What	  to	  do	  about	  the	  rest	  of	  the	  vegeta$on	  con$nuum?	  
Complexity	  of	  produc$vity	  at	  all	  scales	  

	  

Subzone E landscape, Kuparuk River, Northern Alaska 
Photo: D.A. Walker 

Landscape	  units:	  
•  Floodplain	  with	  

riparian	  
chronosequences.	  

•  Uplands	  with	  glacial	  
chronosequences	  and	  
hillslope	  
toposequences.	  

•  Bedrock	  outcrops	  of	  
differing	  geology.	  

•  Substrates	  of	  different	  
chemistry	  and	  texture.	  
	  	  
	  

Landscape	  scale	  



Complexity	  at	  hillslope	  scale	  

Topesequence near East Wind Lake, 
Ellesmere Island:  
Photo: D.A. Walker 

1.  Hill crest: Dry barrens with 
 scattered forbs, sedges, 
lichens 

2.  Upper backslope: Zonal 
Dryas community. 

3.  Footslope: Wet sedge 
meadow 

4.  Snowbed: Cassiope 
tetragona community 

2 

1 

4 

3 

Generalized Arctic  toposequence	




Typical	  
toposequences	  

in	  Arc$c	  
bioclimate	  
subzones	  

Adapted from: Elvebakk 
A 1999. Bioclimatic 
delimitation and subdivision 
of the Arctic The Species 
Concept in the High North - 
A Panarctic Flora Initiative 
(Oslo: The Norwegian 
Academy of Science and 
Letters) 81-112 	




19	


Toposequences	  at	  Imnavait	  Creek,	  Alaska,	  	  
bioclimate	  subzone	  E,	  (ice-‐rich	  permafrost)	  

Imnavait Creek, Subzone E, northern Alaska,  
Photo: D.A. Walker 



Subzone	  E,	  Imnavait	  Creek,	  AK	  toposequence	  	  

Walker and Walker, 1996	


Walker,	  D.A.,	  Walker,	  M.D.	  1996.	  Terrain	  and	  vegeta8on	  of	  the	  Imnavait	  Creek	  Watershed.	  in	  J.	  F.	  Reynolds,	  J.	  D.	  
Tenhunen	  (eds.)	  Landscape	  Func8on:	  Implica8ons	  for	  Ecosystem	  Disturbance,	  a	  Case	  Study	  in	  Arc8c	  Tundra.	  Springer-‐
Verlag.	  New	  York.	  120	  pp.	  73-‐108.	  



Complexity	  at	  plot	  scale	  

• Abundance of non-
sorted circles (frost 
boils with sparse 
vegetation). 

• Peaty tundra with 
thick moss 
between the 
circles. 

Mesic	  Subzone	  D	  tundra	  near	  Ambarchik,	  the	  mouth	  of	  the	  Kolyma	  River,	  Russia.	  Photo:	  D.A.	  Walker	  



Carbon is concentrated in the cracks 
between small polygons. 

Nonsorted circles, Ostrov Belyy, Russia.  After removal of top 10 cm of soil. 

Circles are situated in the centers of 60-90-cm diameter nonsorted 
polygons with cracks. 



Vegeta$on	  on	  non-‐sorted	  circles	  
	  

Map and cross-section: Nadya Matveyeva 1998. Photo: D. A. Walker, 
1971.	


Barren	  centers	  of	  circles	  	  

Ver$cal	  View	  

Cross	  sec$on	  of	  one	  circle	  



Vegeta$on	  Sampling	  	  
	  

•  Review	  of	  relevé	  
sampling	  
approach	  

•  Biomass	  and	  
various	  related	  
indices	  (LAI,	  
NDVI)	  

	  

Fred	  Daniels	  sampling	  a	  relevé	  at	  
Isachsen,	  Canada	  



•  The	  single	  most	  useful	  sampling	  
approach	  for	  vegeta$on	  
classifica$on,	  analysis,	  and	  
classifica$on.	  

•  Simple	  method	  that	  gives	  a	  
detailed	  data	  on	  vegeta$on	  
composi$on	  and	  structure.	  

•  Data	  can	  be	  used	  for	  a	  wide	  
variety	  of	  purposes	  as	  long	  as	  
the	  proper$es	  of	  the	  data	  and	  
sampling	  approach	  are	  
understood.	  	  

•  Used	  worldwide	  over	  a	  long	  
$me	  period	  (early	  1900s	  to	  
present).	  

	  
Braun-‐Blanquet	  relevé	  approach	  for	  

sampling	  vegeta$on	  

Josias	  Braun-‐Blanquet	  	  
1884-‐1980	  



Relevé	  Data:	  
floris$c	  data	  	  

at	  the	  species	  level	  

•  Requires	  knowledge	  of	  flora.	  
•  Nonvascular	  plants	  are	  

par$cularly	  important	  in	  the	  
Arc$c.	  

	  

Oxytropis	  
nigrescens,	  Photo	  
József	  Geml	  

Oncophorus	  
virens,	  Photo	  
Michael	  Lüth	  
	  

Dactylina	  arc8ca,	  Photo	  
Stephen	  &	  Sylvia	  Sharnoff	  ©	  



Centralized	  Replicate	  Sampling	  

– A	  subjec$ve	  approach,	  where	  sites	  are	  
consciously	  chosen	  as	  representa$ve	  of	  units	  
that	  are	  recognized	  to	  occur	  broadly	  in	  the	  
landscape.	  

– Sample	  sites	  are	  centrally	  located	  within	  
representa$ve	  homogeneous	  areas	  of	  
predetermined	  vegeta$on	  types.	  

– Sampling	  is	  replicated	  in	  many	  similar	  areas	  to	  
obtain	  a	  large	  sample	  size	  of	  similar	  
vegeta$on.	  



Compare	  with	  objec$ve	  sampling	  

Stra$fied	  random	  –	  
favorite	  objec$ve	  method	  
these	  days…	  

	  
But	  there	  are	  problems:	  	  
1)  Most	  schemes	  of	  

stra$fica$on	  use	  
terrain	  classifica$on	  
that	  does	  not	  apply	  
at	  the	  scale	  of	  
sampling.	  	  

2)  The	  actual	  
environment	  is	  
much	  more	  diverse	  
and	  complex	  than	  
the	  stra$fica$on	  
scheme.	  

3)  Imprac$cal	  for	  large	  
regions.	  

	  

Random	   Systema$c	  

Non	  stra$fied	  

Stra$fied	  



Desirable	  quali$es	  of	  relevés:	  

1.   Homogeneous.	  
2.   Representa$ve	  

of	  	  many	  areas	  in	  
the	  landscape	  

3.   Large	  enough	  to	  
contain	  the	  great	  
majority	  of	  
species	  in	  the	  
community	  

Relevé	  in	  Salix	  pulchra-‐Eriophorum	  angus8folium	  community.	  
Imnavait	  Creek,	  AK	  



Plot	  size	  	  

Mueller-‐Dombois	  and	   Ellenberg,	  1974	  

Minimal	  area	  method	   Tables	  based	  on	  previous	  studies	  



Example	  of	  a	  European	  relevé	  protocol,	  header	  data	  

!

•  Relevé	  No.,	  	  
•  Date,	  	  
•  Loca$on,	  	  
•  Site	  descrip$on,	  	  
•  Habitat	  descrip$on	  
•  Brief	  soil	  descrip$on	  
•  Area	  of	  plot	  



Permanent	  plots	  

•  Long-‐term	  studies:	  change	  over	  
$me,	  successional	  processes,	  
climate	  change,	  or	  disturbance.	  	  

	  
•  Allow	  for	  ancillary	  data	  (NDVI,	  

LAI,	  snow,	  trace	  gases,	  etc.)	  	  
collec$on.	  Revisits	  during	  
winter.	  	  

•  Methods:	  
–  GPS,	  and	  high	  resolu$on	  satellite	  

data	  have	  revolu$onized	  accurate	  
geo-‐loca$on	  of	  plots.	  

	  	  	   Permanent	  plot,	  Imnavait	  Creek,	  AK,	  	  	  
Arctous	  alpina-‐Salix	  phlebophylla	  community.	  



Site-‐factor	  
data	  form	  



Soils 	  	  
•  Key	  to	  understanding	  vegeta$on	  

pacerns.	  	  	  
•  Work	  in	  conjunc$on	  with	  a	  soil	  scien$st	  

unless	  you	  have	  training.	  
•  The	  minimum	  effort	  should	  include:	  	  

–  soil	  pit	  or	  plug	  of	  soil	  (photo	  at	  right)	  
–  quick	  descrip$on	  of	  horizons,	  
–  soil	  collec$on	  for	  later	  analysis	  	  	  

•  a	  large	  handful)	  of	  	  soil	  from	  the	  top	  mineral	  horizon	  
(generally	  10	  cm	  depth).	  	  Analyzed	  for	  pH,	  percent	  
soil	  moisture,	  soil	  texture,	  soil	  color,	  percent	  organic	  
macer,	  soil	  nutrients	  (N,	  P,	  K).	  	  

•  Other	  physical	  and	  chemical	  characteris$cs	  useful	  for	  
specific	  study.	  	  

Prudhoe Bay 2014. Soil from disturbed roadside relevé.	




Photographs	  
Extremely	  valuable	  for	  later	  
reference.	  	  	  

(1)  General	  landscape	  
(2)  Ver$cal	  close-‐ups	  of	  the	  

vegeta$on	  

(3)  Soil	  profile	  

Prudhoe	  Bay	  2014.	  Disturbed	  
roadside	  relevé.	  

Landscape	  

Plot	  

Soil	  



Es$mates	  vs.	  measures	  of	  cover	  
Es$mates:	  	  	  
•  Most	  useful	  for	  classifica$on.	  
•  Generally	  used	  with	  the	  Br.-‐Bl.	  approach.	  
	  
Measures:	  	  
•  Necessary	  for	  quan$ta$ve	  measures	  of	  change.	  
•  Usually	  very	  $me	  consuming.	  
•  Many	  point	  sampling	  approaches.	  	  

Both	  can	  be	  done	  in	  conjunc$on	  with	  relevés.	  



Cover-‐abundance	  classes	  



Measuring	  Cover:	  	  
Point	  intercept	  methods	  

	  
•  Many	  methods	  

– Point	  quadrats	  
– Point	  frames	  
– Laser	  points	  
– Op$cal	  point	  sampling	  devices	  



Point	  intercept	  methods	  
Numerous	  approaches:	  

–  Line	  transects,	  point	  quadrats,	  point	  frames,	  laser	  
point	  sampling.	  	  

Advantages	  
–  objec$ve	  
–  confidence	  in	  values	  (accurate	  &	  precise)	  
–  repeatable	  

Disadvantages	  
–  $me	  consuming	  
–  emphasizes	  most	  common	  plants,	  minimal	  	  data	  

on	  uncommon	  species	  

“best	  suited	  to	  applica9ons	  such	  as	  mine	  permit	  baselines	  and	  
tes9ng	  for	  revegeta9on	  success,	  where	  maximum	  
confidence	  in	  absolute	  cover	  and	  repeatability	  is	  
paramount	  and	  informa9on	  on	  the	  full	  range	  of	  individual	  
species'	  cover	  values	  is	  not.”	  (Buckner	  web	  site)	  

Laser-‐point	  sampling	  devise.	  Courtesy	  Janet	  Kidd,	  
ABR.	  	  	  



Buckner	  sampler:	  Op$cal	  Sigh$ng	  Device	  (OSD)	  



Point	  quadrat	  



Point	  quadrat	  grid:	  data	  portrayal	  

Walker,	  D.A.,	  Walker,	  M.D.,	  Gould,	  W.A.,	  Mercado,	  J.,	  Auerbach,	  N.A.,	  Maier,	  H.A.,	  Neufeld,	  G.P.	  2010.	  Maps	  for	  
monitoring	  changes	  to	  vegeta8on	  structure	  and	  composi8on:	  The	  Toolik	  and	  Imnavait	  Creek	  grid	  plots.	  Viten.	  
1:121-‐123.	  

Composi$on:	  
Top	  of	  plant	  canopy	  

Composi$on:	  
Bocom	  of	  plant	  canopy	  

Plant	  canopy	  and	  	  
soil	  topography	  

1	  m	  



Point	  quadrat	  grid	  

Walker, D.A., Walker, M.D., Gould, W.A., Mercado, J., Auerbach, N.A., Maier, H.A., Neufeld, G.P. 2010. Maps for 
monitoring changes to vegetation structure and composition: The Toolik and Imnavait Creek grid plots. Viten. 1:121-123.	




Time-‐series	  results	  from	  Imnavait	  Creek	  
point-‐quadrat	  data	  

Data from W.G. Gould and J. Mercado.	




Biomass clip harvest 

8 7 

6 5 4 

1 3 2 



Biomass	  sor$ng	  according	  plant	  
func$onal	  types	  



Leaf	  Area	  Index	  (LAI)	  

•  Numerous	  methods	  again.	  All	  other	  methods,	  other	  than	  
actually	  measuring	  leaf	  area,	  provide	  an	  “index”	  of	  this	  
value	  (e.g.	  inclined	  point	  frame,	  LICOR-‐2000).	  

•  Regression	  methods	  are	  used	  to	  relate	  biomass	  to	  leaf	  
area.	  

Martha	  Raynolds	  using	  AccuPAR	  LP-‐80	  to	  measure	  LAI.	  



Normalized	  Difference	  Vegeta$on	  
Index	  (NDVI)	  

•  Howie	  and	  Martha	  



This	  mul$-‐scale	  complexity	  requires	  
a	  hierarchical	  mapping	  approach	  

(e.g.,	  the	  Toolik-‐Arc$c	  Geobotanical	  
Atlas,	  TAGA).	  

Ver$cal	  View	  
hcp://www.arc$catlas.org/index	  
Walker,	  D.	  A.,	  M.	  K.	  Raynolds,	  H.	  A.	  Maier,	  E.	  M.	  Barbour,	  and	  G.	  P.	  Neufeld.	  2010.	  
Circumpolar	  geobotanical	  mapping:	  A	  web-‐based	  plant-‐to-‐planet	  approach	  for	  
vegeta8on-‐change	  analysis	  in	  the	  Arc8c.	  Pages	  125–128	  in	  A.	  Bryn,	  W.	  Dramstad,	  and	  
W.	  Fjellstad,	  editors.	  Hveragerði,	  Iceland.	  



The	  T-‐AGA	  is	  
being	  

transported	  to	  
the	  GINA	  Pre-‐
ABoVE	  website	  



Arc$c	  Vegeta$on	  Archive	  

•  Conceptual	  framework	  for	  
the	  project	  

•  Prototype	  for	  Alaska	  



Why	  the	  Arc$c?	  
•  Floris$cally	  and	  

vegeta$vely	  the	  
most	  
homogeneous	  of	  
the	  global	  biomes.	  	  

•  Its	  en$re	  list	  of	  
known	  vascular	  
plants,	  
bryophytes	  and	  
lichens	  
documented	  in	  
up-‐to-‐date	  
checklists.	  	  

•  Already	  mapped	  
at	  the	  global	  scale	  
(CAVM	  Team	  
2003).	  

Of all the global biomes, the Arctic Tundra 
Biome best lends itself to a unified 
international approach for managing its 
vegetation information. 	

	


Photo:	  D.A.	  Walker,	  Hayes	  I.,	  Franz	  Josef	  Land,	  Russia	  



Need	  for	  data	  harmoniza$on	  
•  Much	  of	  the	  world	  is	  

heavily	  invested	  in	  either	  
the	  European	  or	  North	  
America	  vegeta$on	  
approaches	  (DeCaceras	  &	  
Wiser	  2011).	  	  	  

•  The	  Arc$c	  vegeta$on	  
database	  would	  be	  
constructed	  so	  that	  the	  
data	  could	  be	  incorporated	  
into	  either	  approach.	  



AVA	  Goals	  

Need	  for	  Pan	  Arc8c	  databases	  

1.   Panarc$c	  vegeta$on	  database.	  
2.   Web	  portal	  with	  descrip$ons,	  ancillary	  informa$on,	  photos,	  

maps	  of	  each	  plant	  community,	  plot	  .	  
3.   Panarc$c	  vegeta$on	  classifica$on.	  
4.   Prodromus	  (list)	  of	  Arc$c	  plant	  communi$es.	  	  
5.   Applica$ons	  to	  biodiversity,	  ecosystem	  modelling,	  educa$on	  

etc.	  

!



Types	  of	  data	  

Plant	  Community	  Plot	  Data:	  	  
•  Preferably	  published	  plot	  data	  from	  homogeneous	  plant	  

communi$es.	  	  
•  Braun-‐Blanquet	  or	  USNVC	  protocols	  are	  ideal.	  

Photo:	  G.	  Matyshak	  ,	  Hayes	  Island,	  Franz	  Josef	  Land,	  Russia	  



Panarc$c	  Species	  List	  (PASL)	  of	  accepted	  
names:	  a	  cri$cal	  first	  piece	  

•  Combines	  several	  CAFF	  Arc9c	  species	  lists	  into	  one	  that	  is	  
founda9on	  for	  the	  AVA	  (Raynolds	  et	  al.	  Krakow	  workshop):	  	  

Photo:	  D.A.	  Walker	  



GINA	  	  
Plot	  portal	  
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Thank	  you!	  

Photo:	  D.A.	  Walker.	  Franz	  Josef	  Land	  


