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Presentation Topics

1) Patterns of arctic tundra plant
diversity along complete
latitudinal gradients

Tall shrub expansion at the
forest-tundra ecotone in Siberia
and implications for biodiversity

Ecosystem effects of a change
from short-statured tundra to tall

shrubland
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Patterned ground features (frost
circles) along the NAAT (NSF
Biocomplexity)
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1- Patterned ground features
2- Vegetated zonal areas
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Species Richness (NAAT - PGF Centers)
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Tundra Subzones

Species richness relatively consistent along latitudinal transect (lower in Subzone C)
Generally consistent among moisture regimes (slightly lower on Wet plots)

¢ MIN
B MEAN
MAX



100

90

80

70

60

50

40

30

20

10

==

Species Richness (NAAT - Between PGFs)
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Species richness generally consistent among patterned ground positions (slightly greater density between PGFs)
Species richness relatively consistent along latitudinal transect (highest in Subzone A)
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- Sampling across moisture results in average multiplication of species richness by 2.85 (i.e. ~tripling of richness)
- Sampling across PGF positions multiplies species richness on average by 1.34 (i.e. 34% increase in richness)
- Sampling across latitudinal gradient multiplies species richness by 4.36 (i.e. >quadrupling of richness)

Mean species richness by PGF position within location: 100
Mean species richness by location: 134
Total species richness for entire gradient: 584
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Normalized Difference Vegetation Index (NDVI)
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@ Observations of
increasing shrubs

@ Observations of stable
shrub populations

Myers-Smith et al. 2011, ERL
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Alder shrub extent increased ~11% at Kharp from 1968-2003
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Patterned ground features (frost circle
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Field observations led us to hypothesize that alder
recruitment is facilitated by patterned ground.




Alder density
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Alder Expansion Chronosequence

Colonization

W Transect
W Alders

Iil.n"ll.ll..l..l.. —

15 20 25
Organic thickness (cm)

Colonization

W Transect
W Alders

LLI]&L‘II']II]]JJ-J.:!;-..;.J

10 20 30 a0 S0 260
Mineral thickness (cm)

w
w

% of observations

N w >
o o o

% of observations
5

Q

o

o wm

o u

W Transect
W Alders

M TTTTT PO
10 15 20 25 230
Organic thickness (em)

M Transect
m Alders

RN

Mineral thickness (em)

Paludified

W Transect
W Alder

.-.--—-U.-m-.h
1] 5 10 15 20 25 230

Organic thickness [em)

Paludified

£ &

W Transect
m Alders

L........-..l.h-;u.l.-..,.l

10 20 30 40 50 260
Mineral thickness [em)

% of observations
2 B




60

50

40

30

20

10

|2

Species Richness (Shrub Expansion)
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Leaf Area Index (LAI) profiles along chronosequences
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Figure 22. Scatterplot of LAI measurements along transect K-T05. Alder-free tundra extends

JSrom approximately 0-5 mn; colonization zone ~5-15 m; mature shrubland 15-55 m.



Species Richness (Shrub Expansion)
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TT | T3 | T4 | T6 | TI1 | T2 | TI3 | TI5 | T16 | T8 | T0 | T7 | T9 | Ti4
COL | COL | coL | COL | COL | COL | COL | COL | COL | MAT | MAT | PAL | PAL | PAL
Multiple plots within transects results in average multiplication of species richness by 1.52
Sampling across transects multiplies species richness on average by 2.67
Sampling across shrub expansion stages multiplies species richness by 2.40
Mean species richness by transect: 42
Mean species richness by stage: 83 (COL-107, MAT-71, PAL-73)

Total species richness for entire gradient: 200



’Implications of tall shrub expans

* Biological processes

* increased primary productivity
- alterations to carbon cycling

» Surface energy balance

* reduced surface albedo
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Mean daily soil temperatures (5 cm depth) under frost circles / alders

Average Daily Soil Temperatures
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Summary

1) Landscape scale heterogeneity in arctic tundra systems (e.g. patterned-
ground features, soil moisture, soil texture) contributes substantively to

biodiversity.

2) The full latitudinal arctic tundra gradient provides ~3-4 fold increase in
biodiversity relative to single locations.

3) Shrub expansion in Low Arctic tundra likely reduces biodiversity (maybe by
30-60%) and also alters ecosystem functioning.

QuestionslNext Steps

= 1) Have we adequately sampled to capture the full species richness?

i  ‘_ 2) How do other aspects of diversity (dominance, evenness, functional type

richness) vary in space and time?

2 3) What species / functional types are added by landscape heterogeneity,

removed by shrub expansion?

< 4) What components of diversity are contributing most to ecosystem
functioning?




This work was funded by the NASA Land-Cover
Land-Use Change (LCLUC) program, Grant Nos.
NNG6GEOOA, NNX09AK56G, NNX14AD906, and NSF
Grant Nos. ARC-0531180 (part of the Synthesis of
Arctic System Science initiative - Greening of the
Arctic) and ARC-0902152 (part of the Changing
Seasonality of Arctic Systems initiative)
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Species Richness (EAT - 5 x 5 m plots)
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Species richness relatively consistent along latitudinal transect (lower in forest-tundra and in Subzones B and A)
Generally consistent between Sand and Loam soils (higher on Loam soils in Subzones B and A)



Species Richness (EAT)
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- Plot replicates result in average multiplication of species richness by 1.90 (i.e. ~doubling of richness)
- Sampling across textures multiplies species richness on average by 1.47 (i.e. 47% increase in richness)

- Sampling across latitudinal gradient multiplies species richness by 2.89 (i.e. ~tripling of richness)

Mean species richness by texture within location: 68
Mean species richness by location: 97
Total species richness for entire gradient: 281



Changes in shrub cover, northern Alaska
1950-2003
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Sturm, M., C. Racine, and K. Tape. 2001. Increasing shrub abundance
in Arctic. Nature 411:547-548.
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ARCTIC CIRCLE




Landscape heterogeneity of shrub and tree dynamics
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