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Monday 24 June
— Morning: Overview, science presentations
— Afternoon: Field trips
— Evening: Posters
Tuesday 25 June
— Morning I: Management, Information Management, Education, & Outreach
— Morning lI: Meet students, RAs, & postdocs, Meet TFS management
— Afternoon: Field trips
— Evening: Review team executive session, writing
Wednesday 26 June
— Morning I: Review team executive session, writing
— Morning II: Review team feedback, discussion
Thursday 27 June - Depart
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Why an Arctic LTER?

* One of the world’s major biomes, unique and valuablg in its own right

* Model systems for advancing general understanding of ecosystem function
* Plays an crucial role in the global environmental system S o
Warming fast, more-frequent disturbances like wildfire, thermo-erosion

* Potential release of C from permafrost significant to atmospheric CO,

* Harbinger of response to global warming for. ecosystems further south

Warming at >2X global average 1039 km?
s R*=0.02 Anaktuvuk Permafrost:
* Barrow w) - Wty b fire 2007 = 2000 1 Plants 20-40% of
B LToolik L lalligptib § [y terrestrial C
o st \ 3000 .
g A0 . Eee A oge % Soils ~x
3 % 2000 4 atmosphere
[= b
2 o stock
8 1000 - Permafrost
T = g co
16 *0.5 °C warming per decade o o4 2
1945 1955 1965 1975 1985 1995 2005 2015 Terrestrial Atmosphere
Year
Permafrost temperature
at 20 m depth
Warmer ap oo SSMEEREL
FHappy Valley ey YYVRGYIT
ermafrost s s
More frequent P TF el -
wildfire & deeper T €
0 . [ rF
soil active 5 . . 7
layer g gfoesmoze | o I
E | e Tt ' w*
‘ -of e 9
_W.si-nm'.:k .“-._.' Barrow
-10f =, "t e ]-10
More 1980 1988 1996 2004 2012
thermokarst Year
. H Updated from Romanovsky et al. (2011)
“Greening” slumping .

Higher o (MR
ferti“ty S oe Late Season
indicated 2 e
by 05
“greening”
tundra nl:B‘?S 19;85 19.8.‘) 20‘05 2015

Year

Guay et al. (2015)

6/6/2019



Ecological research began in 1975
ARC LTER was established in 1987.

streams, lakes, and their interactions.

The overall aim: develop a predictive understanding of the arctic landscape including tundra,

Focus evolves as understanding grows and as new opportunities are recognized.

Northeastern LTER Sites

THE ARCTIC LTER SITE IS PART OF THE US LTER NETWORK

Maintain continuity of core data from long-
term experiments and monitoring

Antarctic LTER Sites

5 LTER Network core research areas:
1.

Primary Production: periodic harvests, eddy covariance, chamber-
based CO, & O, measurements, water column incubations,
fertilization

Population Studies: population dynamics and community structure
through time and with fertilization, warming, and grazer/predator
exclosures (point frames, harvests, eDNA, tag & recapture, RFID tags )
Movement of Organic Matter: movement of DOM down hillslopes,
streams, and lakes, seasonal fish migration, photoactivation of DOM
Movement of Inorganic Matter: movement of nutrients down
hillslopes, streams, and lakes

Disturbance Patterns: response to climate change, wildfire, thermal
erosion of permafrost
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Evolving goals of the Arctic LTER

*ARC-LTER | (1987-1992): Descriptions of tundra, stream,
and lake ecosystems: Long-term change versus short-term
controls on ecosystem components.

*ARC-LTER Il (1992-1998): Ecological variability and
long-term change: Top-down versus bottom-up controls on tundra, streams, and lakes.

*ARC-LTER Ill (1998-2004): Prediction of the future characteristics of arctic ecosystems
and landscapes: Controls on ecosystems by physical, climatic, and biotic factors.

*ARC-LTER IV (2004-2010): Understanding changes in the arctic system at catchment and
landscape scales through knowledge of linkages and interactions among ecosystems.

2007 fire &
3 thermokarst

*ARC-LTER V (2011-2017): Understanding changes in the arctic system at catchment and
landscape scales as the product of: (i) Direct effects of climate change on terrestrial and aquatic
ecosystems, and (ii) Indirect effects of climate change on ecosystems through a changing
disturbance regime.

*ARC-LTER VI (2017-2023): The role of biogeochemical and community openness in
governing arctic ecosystem response to climate change and disturbance.

Number of ARC LTER publications per year ARC LTER has a strong record of
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Conceptual Framework:
Openness and Connectivity

Openness is a property of a landscape element. Connectivity is a landscape property.

Biogeochemical openness: Does the biogeochemistry of a landscape element rely on
internally recycled nutrients and organic matter produced locally by photosynthesis (closed) or
on external sources of nutrients and organic matter (open)?

Community openness: Does the structure and function of the community depend only on
interactions among organisms within the same landscape element (closed) or on interactions
with organisms in surrounding landscape elements (open)?

Biogeochemical and community connectivity: Do biogeochemical or community changes at
one location propagate across the landscape (connected) or are such changes isolated to one
location (unconnected)?

Core Question for the
Arctic LTER VI

How do openness and connectivity
govern the response of arctic
ecosystems to disturbances like:
(1) climate change and deeper
thaw (press) and
(2) changes in the magnitude and
frequency of wildfire and
thermokarst activity (pulse)?

Landscape of interconnected ecosystems
with various degrees of openness to C,
nutrients, organisms, and species.
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Biogeochemical Openness
Openness index = throughput/cycling

Less Open System

“Self-reliant”, depends on internally recycled
nutrients & locally produced organic matter

.. Not sensitive to disturbances that deplete
external nutrient supply (in the short term)

Absorb increases in external nutrient supply
& only slowly re-release nutrient after
increase in nutrient supply abates

Recover slowly from disturbances that
deplete internal nutrient stocks

Openness index = small

Poorly connected to other systems

More Open System

Strongly depend on outside sources of
nutrients & organic matter

.. Sensitive to disturbances that deplete
external nutrient supply

Sensitive to increases in external nutrient
supply but rapidly re-release nutrient
after increase in nutrient supply abates

Recover rapidly from disturbances that
deplete internal nutrient stocks

Openness index = large

Strongly connected to other systems

Residence time of C and N in tundra, lakes, and streams
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Biogeochemical Connectivity
Within-patch nutrient cycling  Downstream nutrient spiraling Asymmetric connectivity

Hill Slopes: Streams:

R
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Less-open ecosystems on More-open ecosystems in Accumulation over large

hillslope are poorly streams are well connected catchment area enhances
connected and therefore and therefore propagate connectivity of more-open

delay and attenuate signals signals moving downstream aquatic ecosystems to less-
moving down slope (e.g., nutrient pulse). open terrestrial
(e.g., nutrient pulse). ecosystems.
0.0

Lagged and attenuated
change in N throughput
resulting from the
nearly closed N cycles
and poor connectivity
of terrestrial tundra
ecosystems along a

Down-Slope N Loss

0
e

-1.04 100 hillslope transect
Hillslope location (results from the
(m from top of transect) General Ecosystem
15 Model: GEM).

% deviation from steady state

L) |
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Years since 1% of humus removed
Rastetter et al 2004

6/6/2019



Community Openness & Connectivity

Evolving concept applied to
subcomponents of community

Less Open System

Population and community interactions
internal to landscape element

.. Isolated from disturbances to the
community elsewhere in the landscape

Slow recovery from species/functional losses
unless disturbance also opens the system

Poorly connected to adjacent systems

More Open System

Strong population and community interactions

with surrounding landscape

". Sensitive to disturbances to the community

in surrounding landscape

Species/functional losses compensated by
interactions with surrounding landscape &
recovery facilitated by recruitment from
surrounding landscape

Strongly connected to adjacent systems
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Kuparuk Drainage
(Lake E5)

/

PC1

PC2
Sag Drainage

Oks Drainage
(Lakes GTHS7,GTHS8,GTHS9,GTHE0)

(Lakes FOG1,FOG2*,FOG3,FOGS5)
*FOG2 is near these other lakes, but actually

irains the opposite direction (into Oks Drainage)

Genetically distinct
populations of arctic
char indicating lack of
connectivity among
populations in
different catchments




The concepts of “Openness” and “Connectivity”
provide a common conceptual framework from which
to compare and contrast very different tundra
ecosystems (terrestrial tundra, streams, and lakes)

These concepts also provide a means to assess tundra
response to disturbance in relation to responses of
other ecosystems around the world

Project Organization

Arctic LTER research includes three major components:

1. Long-term monitoring and surveys of natural variation and change of
terrestrial and aquatic ecosystems in space and time

2. Long-term experimental manipulations of terrestrial and aquatic
ecosystems

3. Synthesis of results and predictive modeling at ecosystem and
watershed scales.
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Major Arctic LTER study sites & place names
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Upper Kuparuk River Region
Glacial Geology
|| Bedrock with discontinuous cover
[ Drift of Sagavanirktok River, undifferentiated
{71 Drift of Sagavanirktok River, late advance
I Diift of Itkilik age, undifferentiated

|| Drift of Itkillik Phase |
[ Drit of tkillik Phase 11
Drift of itkillik readvance
[ Outwash of Sagavanirktok River, late advance
[ Outwash of Itkillik Phase |
[ Outwash of tkillik Phase II
Outwash of latest Itkillik readvance
B Ice-contact deposits
M Active kettles
|| Undifferentiated lacustrine deposits
|| Undifferentiated gravel and beach deposits
M Undifferentiated colluvial deposits
g [ Ice-rich silt deposits and colluvial basins
. M Undifferentiated fan deposits
| Undifferentiated alluvium
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ak
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This map shows a simplified version of Thomas Hamilton's
jacial geology map of the upper Kapanuk Reive region
(Hamilton 2003)

o Arcic s crg

Geologic surface
ages from 14k
years to 350k

years (5m-year
surface further
north).
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All major

Upper Kuparuk River Region
Vegetation

vegetation types

for the Low Arctic
present within
research area.

= M Barens

/1 M Lichens on rocks

Partially vegetated barrens
Tussock-sedge, dwart-shrub, moss tundra
Nontussock sedge, dwarf-shrub, moss tundra

Sedge, moss tundra (poor fen)
| Sedge, moss tundra (fens)
Water and herbaceous marsh

Prostrate dwarf-shrub, forb, fruticose-lichen
tundra (acidic)

Prostrate dwarf-shrub, sedge, forb,
fruticose-lichen tundra (nonacidic)

M Hemi-prostrate dwarf-shrub, fruti
moss, fruticose-lichen tundra
Dwarf- to low-shrub, sedge, moss tundra
e Wet sedge are often P
"~ Rpan limited or N-P co-
limited.
* Lakes can be N-limited,

i - * Terrestrial ecosystems
B Hemi-prostrate and prostrate dwarf-shrub, forb . .
tend to be N limited.
42 M Lowto tall shrublands
“[2 [ Toolik Lake Research Area [
- - Pipeline e
limited.
* Streams are usually P
P-limited, or N-P co-
limited.

How does it work?

Four research groups:

Terrestrial - Laura Gough

Land-Water Interactions — George Kling
Streams — Breck Bowden

Lakes — Phaedra Budy

Each group participates in all three components of ARC-LTER research
(monitoring, experimental manipulations, synthesis)

It is our policy to encourage other researchers to make use of our
long-term experiments and monitoring sites.

These collaborating studies extend what we are able to do with LTER
resources and greatly enhance LTER science.
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Next: Research of the Arctic LTER

Terrestrial ----Laura Gough
Land-Water---George Kling
Streams---Breck Bowden
Lakes---Phaedra Budy/Anne Giblin
Synthesis---Ed Rastetter
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