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Within-site Synthesis: Long
term trends and
consequences of warming
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_Warming not (yet?) detectable at Toolik
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How soon should
warming be detected in
tundra?

Ten replicate simulations
using the MEL model with
the same 0.05 °C/yr
warming trend but
random variation in
annual temperature
around that trend.

Trend not likely to
emerge as significant for
50-100 years even with
model’s zero
measurement error.

Rastetter et al. submitted (special issue of EcoSphere with 4 other LTER network papers)

Critical question for ectotherms: will there be enough food to
support increased demand in a warmer climate?

* consumption demand by fish predicted

to increase 28-34 % in a warmer lake
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* awarmer climate might be able to
support some increased fish demand
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Within-site Synthesis:
Fertilization experiments in
terrestrial, stream, and lake

ecosystems

Warming should stimulate microbial activity and thaw
organic matter currently frozen in permafrost resulting in
an increase in nutrient availability across the arctic
landscape
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Increased fertility favors woody
deciduous species.
Aboveground Vascular Biomass

However, gains in aboveground biomass are offset by
decreases in belowground biomass when bryophytes
& lichens are included.
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Fertilizer increased productivity and opened

Kuparuk River Fertilizer Experiment community to invasion by a new species
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Synthesizing results of nutrient additions across terrestrial,
stream, and lake ecosystems

-
habitat / habitat /

dissolved
+

structure structure & oxygen
primary primary primary
producers producers producers
\ s /

soil light light
temperature
export
Moist Acidic Tussock Tundra Kuparuk River Lake N2
Gough et al. 2016
Food web C & N flux maps fertilized : Control
Control Fertilized C CO, N

FUNE

Dry Heath 093 070 0.64
Tussock 0.51 0.53 0.52

Shrub 049 052 056

Streams 33.13 34.86 50.67
net N
immob.

——
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TR Lakes 173 160 1.22
- net N

immob.

Analysis by John Moore
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A simple model of coupled C and N in an ecosystem

to examine effects of openness

P.=0.6 PROCESSES
P.: photosynthesis
STOCKS R,: autotrophic respiration
Bc: autotrophic C Lyc: Cin litterfall
D: detrital & Ry: heterotrophic respiration

heterotrophic C
By: autotrophic N
Dy: detrital &

heterotrophic N
N: inorganic N

Uy: autotrophic N uptake

Lin: Nin litterfall

Npin: gross N mineralization
Uym: N uptake by heterotrophs
N;,: inorganic N inputs

N, inorganic N losses

Openness Index

N,,/U, =0.01 Terrestrial-like

Slow N;, = 0.0003 Slow N, = 0.0003

Mid N, = 0.003 Mid N, = 0.003 N, /U, = 0.1
Fast N,, =0.03 Fast N, =0.03 N, /Uy=1 Stream-like
Response to 2X N inputs and then recovery
Less open More open
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N, /U,=0.01 N, /U\=0.1 N, /U=1 Stream
response to response to
fertilization fertilization

Steady state with 2X N inputs is the same for all three
ecosystems, but the less open system (slowest throughput)
takes longer to get there.

The more open system responds and recovers fastest.

6/6/2019



Response to a 99% removal of autotrophic biomass

Q (~ 3.7% loss of ecosystem N) ; ;
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Autotrophic recovery nearly the same in all three ecosystems, fueled
predominantly by redistribution of N from detritus to autotrophic biomass.

Heterotroph/detrital recovery strongest in most open ecosystem.

% of initial D & Dy

Synthesis: North Slope and
Pan-Arctic Analyses
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Shrub expansion in the Arctic
Net result of climate warming and herbivory

Small expansion of evergreen shrubs: moderate positive
climate effect and weak negative herbivory effect

Strong expansion of unpalatable deciduous shrubs: strong
positive climate effect and weak negative herbivory effect

Moderate expansion of palatable deciduous shrubs: strong
positive climate effect and strong negative herbivory effect
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Christie et al. 2015

Optimum tussock tiller growth shifted northward: Indication of climate warming?
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There is a remarkable
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The Multiple Element Limitation (MEL) Model
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Plant C at year 100 (g C m2)

MEL model analysis of recovery from
thermokarst failures
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MEL model analysis of recovery from wildfire
compared to eddy covariance data
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Synthesis: LTER-network
analyses
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Rastetter et al. (submitted)
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