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ITEX officially Began in 1990 as the result of a meeting in Michigan led by Pat Webber

INTERNATIONAL TUNDRA EXPERIMENT (ITEX)

A workshop was held on 2-5 December 1990 at the Kellogg
Biological Station, Michigan State University, U.S.A., to design
an international tundra experiment to monitor response of
vascular plant species in tundra regions to global climate change.
The workshop was attended by 49 participants from 9 coun-
tries (Canada, Denmark, Finland, Iceland, Norway, Sweden,
United Kingdom, United States, and USSR). It was sponsored
and funded jointly by the U.S. National Science Foundation
and the U.S. MAB (Man and the Biosphere) High-Latitude Eco-
systems Directorate. The experiment is designed to be simple
and inexpensive and may be conducted in conjunction with
ongoing tundra research at existing sites. The proposed experi-
ment will focus initially on vascular plant species, but future
work may include other taxa, including animals,

The following resolution, outlining the workshop's findings
and recommendations, was agreed upon by the participants for
submission to their respective national organizations and scien-
tific colleagues.

REsoLuTioN

As a result of deliberations and consensus achieved at a work-
shop to design an International Tundra Experiment (ITEX) on
December 2-5, 1990, at the Kellogg Biological Station, Michi-
gan State University, U.S.A., the participants from nine coun-
tries (Canada, Denmark, Finland, Great Britain, Iceland, Nor-
way, Sweden, United States, USSR) have agreed to submit the
following findings and recommendations to their respective
organizations and scientific colleagues.

Taking into account

1. That the tundra regions represent an important component
of the geosphere-biosphere, being a sensitive indicator of
global change and contributing actively in the functioning
of the global climate system;

2. That the understanding of the geophysical and ecological
processes that occur in the tundra is an important objective
of the international community concerned with global
change, biodiversity, environmental protection, and sustain-
able development;

3. That recent acceleration of international interest and coopera-
tion in arctic and alpine science has opened new possibilities
for coordinated international research and analyses;

And recognizing

1. That carefully organized comparisons within and among
tundra sites and over time will greatly increase understand-
ing of the ecology of tundra species;

2. That coordinated observations and measurements of a few
carefully selected arctic species populations occurring along
circumpolar megatransects and environmental gradients are
achievable;

3. That an experimental approach to a few selected manipula-
tions of the environment is deemed desirable as a cost effec-
tive means to compare species responses to variables relevant
to global change;

4. That international exchange of scientists, especially students,
is highly desirable to enhance communication and training;

The participants therefore agree
That an initial set of selected tundra plant species, measure-

ment protocols and manipulations have been specified for the
ITEX experiments starting in 1991 as the result of this interna-
tional meeting of experts. They, therefore, recommend
. That the first ITEX experiment focuses on responses of vas-
cular plant species;
That a set of abiotic observations and destructive and non-
destructive measurements be carefully specified to determine
phenological events, reproductive and vegetative effort,
physiological responses, and genetic response to the manipu-
lated and predominant environmentsl variables during the
growing season and over a period of vears;

That explicit protocols be developed for simple and relatively

inexpensive manipulations of air temperature (such as by

smal_l _gregnhcuscs) and snow cover (as by snow fences) at
participating sites;

. That sets of selected individuals in field transplant gardens
be subjected to a common garden (environmental) experi-
ment and assessed in terms of genetic variation within each
species population and its phenotypic response in order to
evaluate probable adaptations to climate change;

. That more complex or expensive experiments involving
manipulations such as atmospheric COs, or soil temperature
and reciprocal transplant gardens, fertilizer treatments, or
even phytotron experiments may be desirable and practical
for some sites;

. That appropriate coordination of research, communication

and synthesis of results be achieved by a small set of coordi-

nators, and by convening of participating principal investiga-
tors for periodic assessment workshops, exchanges of
scientists and students among sites will facilitate ITEX;

That development of an appropriate protocol for the

exchange of ITEX data among participants is needed;

That funding for research is the responsibility of each par-

ticipating country, and may utilize activities already under-

way, and including Biosphere Reserves, protected areas, and
long-term ecological research areas; and

9. That future experiments focusing on other taxa and ecologi-

cal parameters, including animals, are desirable, and contacts
for ITEX established through the MAB Northern Sciences
Network are encouraged.
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The Unesco MAB Northern Sciences Network, the secretariat
of which is located at the Arctic Centre, University of Lapland,
Rovaniemi, Finland, has been proposed as the eventual coordi-
nating body for ITEX.

Scientists interested in participating in ITEX should contact
either of the interim coordinators for further information:

Dr. Patrick J. Webber

Kellogg Biological Station

Michigan State University

Hickory Corners, Michigan 49060-9516

Tel. (616) 671-2323, Fax (616) 671-2351

Dr. Marilyn D. Walker

Institute of Arctic and Alpine Research
University of Colorado

Boulder, Colorado 80309-0450

Tel. (303) 492-5276, Fax (303) 492-6388
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RESPONSES OF TUNDRA PLANTS TO EXPERIMENTAL WARMING:
META-ANALYSIS OF THE INTERNATIONAL TUNDRA EXPERIMENT
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Abstract.  The International Tundra Experiment (ITEX) is a collaborative, multisite experiment using a
common temperature manipulation to examine variability in species response across climatic and geographic
gradients of tundra ecosystems. ITEX was designed specifically to examine variability in arctic and alpine species
response to increased temperature. We compiled from one to four years of experimental data from 13 different
ITEX sites and used meta-analysis to analyze responses of plant phenology, growth, and reproduction to ex-
perimental warming. Results indicate that key phenological events such as leaf bud burst and flowering occurred
earlier in warmed plots throughout the study period; however, there was little impact on growth cessation at the
end of the season. Quantitative measures of vegetative growth were greatest in warmed plots in the early years
of the experiment, whereas reproductive effort and success increased in later years. A shift away from vegetative
growth and toward reproductive effort and success in the fourth treatment year suggests a shift from the initial
response to a secondary response. The change in vegetative response may be due to depletion of stored plant
reserves, whereas the lag in reproductive response may be due to the formation of flower buds one to several
seasons prior to flowering. Both vegetative and reproductive responses varied among life-forms; herbaceous
forms had stronger and more consistent vegetative growth responses than did woody forms. The greater re-
sponsiveness of the herbaceous forms may be attributed to their more flexible morphology and to their relatively
greater proportion of stored plant reserves. Finally, warmer, low arctic sites produced the strongest growth
responses, but colder sites produced a greater reproductive response. Greater resource investment in vegetative
growth may be a conservative strategy in the Low Arctic, where there is more competition for light, nutrients,
or water, and there may be little opportunity for successful germination or seedling development. In contrast,
in the High Arctic, heavy investment in producing seed under a higher temperature scenario may provide an
opportunity for species to colonize patches of unvegetated ground. The observed differential response to warming
suggests that the primary forces driving the response vary across climatic zones, functional groups, and through
time.

Key words: arctic tundra; experimental warming; global change; global warming; International Tundra Experiment;
ITEX; meta-analysis; plant response patterns; spatiotemporal gradients; tundra plants

Manuscript received 29 June 1998; revised 31 December 1998; accepted 5 January 1999; final version received 29 January
1999.
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TUNDRA CO, FLUXES IN RESPONSE TO EXPERIMENTAL WARMING
ACROSS LATITUDINAL AND MOISTURE GRADIENTS
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Abstract.  Climate warming is expected to differentially affect CO, exchange of the diverse

ITEX Synthesis
Carbon Flux

Oberbauer et al. 2007
Ecological Monographs 77(2): 221-238

ecosystems in the Arctic. Quantifying responses of CO, exchange to warming in these
ecosystems will require coordinated experimentation using standard temperature manipula-
tions and measurements. Here, we used the International Tundra Experiment (ITEX)
standard warming treatment to determine CO- flux responses to growing-season warming for
ecosystems spanning natural temperature and moisture ranges across the Arctic biome. We
used the four North American Arctic ITEX sites (Toolik Lake, Atqasuk, and Barrow [USA]
and Alexandra Fiord [Canada]) that span 10° of latitude. At each site, we investigated the CO,
responses to warming in both dry and wet or moist ecosystems. Net ecosystem CO, exchange
(NEE), ecosystem respiration (ER), and gross ecosystem photosynthesis (GEP) were assessed
using chamber techniques conducted over 24-h periods sampled regularly throughout the
summers of two years at all sites.

At Toolik Lake, warming increased net CO; losses in both moist and dry ecosystems. In
contrast, at Atqasuk and Barrow, warming increased net CO, uptake in wet ecosystems but
increased losses from dry ecosystems. At Alexandra Fiord, warming improved net carbon
uptake in the moist ecosystem in both years, but in the wet and dry ecosystems uptake
increased in one year and decreased the other. Warming generally increased ER, with the
largest increases in dry ecosystems. In wet ecosystems, high soil moisture limited increases in
respiration relative to increases in photosynthesis. Warming generally increased GEP, with the
notable exception of the Toolik Lake moist ecosystem, where warming unexpectedly decreased
GEP >25%. Overall, the respiration response determined the effect of warming on ecosystem
CO; balance. Our results provide the first multiple-site comparison of arctic tundra CO; flux
responses to standard warming treatments across a large climate gradient. These results
indicate that (1) dry tundra may be initially the most responsive ecosystems to climate
warming by virtue of strong increases in ER, (2) moist and wet tundra responses are dampened
by higher water tables and soil water contents, and (3) both GEP and ER are responsive to
climate warming, but the magnitudes and directions are ecosystem-dependent.

Key words:  carbon balance; climate warming: ecosystem respiration; High Arctic; International Tundra
Experiment, ITEX; Low Arctic; net ecosystem exchange; soil moisture; tundra; water table.

INTRODUCTION

Climate warming in the Arctic is expected to strongly
affect the carbon balance of tundra ecosystems, and
some studies suggest that the carbon balance of these
ecosystems is already changing (Oechel et al. 1993, 1995,
2000, ACIA 2005). Of great concern is that the very
large stores of carbon present as peat in arctic

Manuscript received 20 April 2006; revised 9 October 2006;
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ecosystems may be released as the Arctic warms and
dries (Billings 1987, Oechel and Billings 1992, Shaver et
al. 1992). However, the Arctic encompasses a wide range
of tundra ecosystems with differing productivity that are
arrayed along bioclimatic gradients (Webber 1974,
Gilmanov and Oechel 1995). Furthermore, within a
bioclimatic zone, different tundra ecosystems are posi-
tioned along topographic gradients in response to
different soil moisture and nutrient regimes (Billings
1973, Bliss 2000). Ridgetops typically have low-growing
dry vegetation dominated by dwarf shrubs and lichens,
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Ongoing and planned synthesis activities using the ITEX network or ITEX data sets are:
Linking root traits with above ground phenology (Elise Gallois)

Mycorrhiza (Kevin Van Sundert)

Arctic plant diversity dynamics (Mariana Garcia Criado)

Arctic vascular plant functional diversity (Joseph Everest)

Arctic vascular plant phylogenetic diversity (Ruud Scharn)

Coexistence theory (Yanhao Feng)

Birch leaf samples (Jolanta Rieksta) email

Seed collection (Sergey Rosbakh) email

Oxyria collection (Anne Bjorkman) email & protocol

Moss traits paper for special Issue (Signe Lett) email of moss functional groups

Fungal mycelia collection (Cole Brachmann) email of fungal mycelia collection explanation
NDVI of plots (Jeremy May) email of NDVI collection and synthesis

Cassiope collection (Elise Gallois) email of Cassiope collection explanation

Dryas (formerly Draba) genetics UBC (Emily Grishaber) email (Cassandra Elphinstone)
Species Pool (Christian Rixen & Anne Bjorkman & Gergana N. Daskalova & Signe Normand
Plant Community Synthesis (Robert Bjork & Ruud Scharn)

Tundra Trait Team (Anne Bjorkman)

Phenology (Christian Rixen, Janet Prevéy, Zoe Panchen, Sarah EImendorf, Courtney Collins & Geerte de Jong ).
Below Ground Processes (Juha Alatalo & Sara Hallin)

Herbivore Activity (lsabel Barrio & Inga Svala Jénsdéttir)

sTundra (Isla Myers-Smith, Anne Bjorkman, & Sarah Elmendorf)

Eriophorum vaginatum material (Ned Fetcher)

Common Garden (Greg Henry, Anne Bjorkman, & Esther Frei)
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