Biogeochemical response strength of a high-Arctic
ecosystem to environmental drivers

heterogeneity among ecosystem compartments and habitats

Matteo Petit Bon 2”, Hanna Béhner 12, Kari Anne Brathen 2, Virve Tuulia Ravolainen 3, Ingibjorg
Svala Jonsdottir 14

LUNIS - The University Centre in Svalbard
2 UiT - The Arctic University of Norway

3 NPI - Norwegian Polar Institute

4 University of Iceland

“matteo.petitbon@unis.no

20t ITEX Meeting — Documenting and understanding tundra ecosystem changes
Parma, Italy, 10 — 13 September 2019




Biogeochemical response strength

Environmental Ecosystem
drivers characteristics

(e.g. herbivory, (e.g. soil moisture, plant-
temperature) community structure)

Ecosystem
functioning

Element

cycling
(e.g. carbon [C] and
nitrogen [N] cycling)

Chapin et al. 2009 — JoE; Nadelhoffer et al. 2001 — Ecology; Rustad et al. 2001 — Oecol.; EImendorf et al. 2012 — Ecol. Lett.; Hobbie et al. 2002 — Plant and Soil;
Shaver et al. 2000 — BioScience



Biogeochemical response strength

Environmental Ecosystem
drivers characteristics

(e.g. herbivory, (e.g. soil moisture, plant-
temperature) ‘ community structure)

Ecosystem
functioning

Element

cycling
(e.g. carbon [C] and
nitrogen [N] cycling)

Ecosystem biogeochemical response strength to environmental drivers

C-content N-content
Feedbacks to rates of C exchange Feedbacks to rates of nutrient cycling
- C balance - N fluxes

Chapin et al. 2009 — JoE; Nadelhoffer et al. 2001 — Ecology; Rustad et al. 2001 — Oecol.; EImendorf et al. 2012 — Ecol. Lett.; Hobbie et al. 2002 — Plant and Soil;
Shaver et al. 2000 — BioScience



...in the high-Arctic Svalbard

Environ. Ecosyst.

drivers Tl features

Element.

cycles

Fox and Madsen, 2017 — Ambio; Fgrland et al. 2011 — Adv. Meteor.; Speed et al. 2010 — JoE



S8
g,

...in the high-Arctic Svalbard B 8

Pink-footed M\([
goose population /- Grubmg

90000 -

80000 A

70000 A

60000 A

50000 A

Numbers
F-S
o
o
(=]
o

30000 A

20000 A

10000 4

0
1965 1970 1975 19880 1985 1990 1995 2000 2005 2010 2015

Year (winter season)

Environ. Ecosyst.

Herbivory drivers features

Element.
cycles

Fox and Madsen, 2017 — Ambio; Fgrland et al. 2011 — Adv. Meteor.; Speed et al. 2010 — JoE



...in the high-Arctic Svalbard

90000 -

Pink-footed
goose population

80000 A

70000 A

60000 A

50000 A

Numbers
F-S
o
o
(=]
o

30000 A

20000 A

10000 4

1965 1970 1975 19880 1985 1990 1995 2000 2005 2010 2015
Year (winter season)

Herbivory o drivers
Summer
warming
.1 Element.
cycles
6;

Summer temperature (°C)

i
T

1 1 1 1
1988 1998 2008 2017
Year (30-year period)

Fox and Madsen, 2017 — Ambio; Fgrland et al. 2011 — Adv. Meteor.; Speed et al. 2010 — JoE

Ecosyst.

features

K/ A
LA

UNIS



...in the high-Arctic Svalbard

90000 -

Pink-footed
goose population

80000 A

70000 A

60000 A

50000 A

40000 4

Numbers

30000 A

20000 A

10000 4

1965 1970 1975 19880 1985 1990 1995 2000 2005 2010 2015
Year (winter season)

; Environ. — Ecosyst.
Herbivory . -—
M drivers @_ features
Summer
warming
.1 Element.
cycles
Al P

Summer temperature (°C)

I
T

1 1 1 1
1988 1998 2008 2017
Year (30-year period)

Fox and Madsen, 2017 — Ambio; Fgrland et al. 2011 — Adv. Meteor.; Speed et al. 2010 — JoE



...in the high-Arctic Svalbard

90000 -

Pink-footed
goose population

80000 A

70000 A

60000 A

50000 A

40000 4

Numbers

30000 A

20000 A

10000 4

0

1965 1970 1975 19880 1985 1990 1995 2000 2005 2010 2015
Year (winter season)

Herbi Environ.
Ao ) ol drivers
Summer
warming

-~
T

Summer temperature (°C)

I
T

1 1 1 1
1988 1998 2008 2017
Year (30-year period)

Fox and Madsen, 2017 — Ambio; Fgrland et al. 2011 — Adv. Meteor.; Speed et al. 2010 — JoE

Ecosyst.
features

Vascular
plants

Element.
cycles

e

Mosses

Organic
soil




...in the high-Arctic Svalbard

ZRoW®

T

Grubbing




ing

Grubb

©
p =
©
2
©
>
7
S

...in the high-Arct




...in the high-Arctic Svalbard

Vascular
plants

1‘.‘

Mosses |

’4
Organic ‘
\

\



...in the high-Arctic Svalbard

Vascular
plants

l‘,_~

Mosses

’4
Organic ‘
|

C-content (%DW)

50

40t

30

201

o

-
e Ho

¢

N-content (%DW)

@KSIQ,
)
UNIS “5aes

Organic soil  Moss  Vasc. plant
Ecosystem compartments

Organic soil  Moss  Vasc. plant
Ecosystem compartments



S
() o L] "-"!‘i\ § %
...in the high-Arctic Svalbard 8 19
Vascular
plants o0 . . i X
¢
— 40 + . =
= . = 3 +
(] (]
X 30 X
£ £ 2 .
Mosses e 2 s
c 20 . c
(‘ e § 1 : +
Organic | O 1of + !
soil ! ‘f
0 . : . Or . . .
] Organic soil  Moss  Vasc. plant Organic soil  Moss  Vasc. plant
Ecosystem compartments Ecosystem compartments
50+ 4}
Qe 6
o |
= = ++
@) @)
X 30t =
E ‘E 21
2L QL
c 20t =
3 3 A
(@) Z 1} ++
10} + ; + +
of . . . or : . .
Organic soil Moss Vasc. plant Organic soil Moss  Vasc. plant

Ecosystem compartments Ecosystem compartments



3 - Uy,
SN %
g 5
AW

oy

Research questions

What is the response strength of different ecosystem compartments
to goose disturbance and summer warming
in terms of their C and N content (and C:N ratio)?

» Differences between ecosystem compartments
» Differences between habitat-types

» Differences between two experimental seasons
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Results: biogeochemical response strength
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Results: C-content
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Results: N-content
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Results: C:N ratio
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Summary and conclusions

R
Response strength to treatments v‘

» Vascular plants > organic soil > mosses
» N-content > C-content > C:N ratio
> MO-habitats >
> Year 2016

Natural between-season variability

» Higher compared to response strength to treatments
» Vascular plants > organic soil > mosses
» C:N ratio > C-content = N-content

> MO-habitats >



Summary and conclusions

>

>

Spring goose disturbance and summer
warming represent significant drivers

Strong heterogeneity in response
strength to treatments among
compartments, proxies of
biogeochemical processes and habitat-
types

- differential responses to perturbations
- coupling between C and N cycling?

Higher natural between-season
variability
— our environmental perturbations were

within the natural variation of these systems

—> biological relevance of ecosystem

responses to environmental perturbations

> Patterns in natural between-season

variability diametrically opposed to
response patterns to treatments
- thresholds in proxy and habitat

responses?
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