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Connecting Differences in Phenology to Changes in Arctic Plant Communities
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Point-frameMethod of CoverAssessment
Plantcommunitydata wascollectedusinga point frame method in 2007and2008. A 75 cm x 75 cm
grid (picturedabove)wasleveledover eachof 96 control plots and96 experimentalplots. At eachof
100 intersectionsof the grid, a ruler was dropped. Everytime the ruler touched something,it was
identified by species(or by abiotic material) and recorded as alive or dead. Eachencounter was
recorded,aswell asthe groundheight. Belowis a simplifiedillustrationof what a cross-sectionof one
row of the grid might look like, usingan exampleof the data, alsoshown. Theruler is shownat the
secondencounterat gridpoint 8 in the row, with the correspondingdatacircledin red.

The Experiment

Location of sites in Northern Alaska Barrow Dry Heath Site                           Barrow Wet Meadow Site (with OTC) Atqasuk Dry Heath Site                                                 Atqasuk Wet Meadow Site 

Siteswereestablishedat the coastalcity of Barrow,Alaska(71°17ǋ44ǌN 156°45ǋ59ǌW) in 1994and1995andat the inlandvillageof Atqasuk(70°28Ω40έb157°25ǋ5ǌW) in 1996.
At eachlocationa site wasestablishedin a dry heathcommunityandin a wet meadowcommunity. At eachof thesefour sitesthere are24 control plots and24 plots under
Open-ToppedChambers(OTCs). TheOTCswarm the experimentalplots on averagebetween1° and 3° Celsiusfor the growingseason,dependingon the site and weather
conditionsfor the year. Theyaredesignedto bea passivewarmingsystem,allowingweatherandsmallanimalsin andout of the plots.

A long-term tundra warming study with
sitesin both dry andwet Arcticcommunities

ERIRUS =
Eriophorumrusseolum

CommunityPhenology Connecting

Abstract
Arcticplant specieshavedifferent growth and reproductivepatterns; in the
short Arctic growing season,somespecieswill begin growing or flowering
earlier than others. WhenǎǇŜŎƛŜǎΩgrowth and reproduction are triggered
by temperature rather than available light, climate changecan affect the
timing of growth and blooming of that species. Sincethere is variation
among speciesin the timing of these growth and reproductive events,
changein temperature will affect different speciesin different ways. Using
data from a long-term warming experiment in Northern Alaska, we
examinewhether thesedifferencesare reflected in communitychange.

The plant community is measuredusing a point-
frame method of coverassessment. Both control
plots and warmed plots are measured. Previous
studieshaveshownthat warmedplots havemore
and largervegetationoverall,but differencesexist
in how each species changes in response to
warming. Some species increase in absolute
cover, some speciesdecreasein absolute cover,
and someremain the same. Thephenologydata
will be usedto look for differences.

We used community data from the cover
assessment( see green box), labeled the
species using phenology data (see blue
box) and compared the control plots to
the warmed plots (see red box). In this
way we were using differences in
phenology to look for ways to explain
changesin the community. We used a
two-way ANOVAas a statistical measure
of whether the phenology labels
explained community changes. Each site
was analyzed individually, due to
differencesin communitycomposition.

AULTUR =

Aulacomniumturgidum
GYMINF =

Gymnocoleainflata
PETFRI=

Petasitesfrigidus
CARAQU =
Carexaquatilis

STELAE =
Stellarialaeta

LITTER =
Leaf litter

Grid Point 1
ERIRUS, A : 16.1
ERIRUS, D: 18.5
ERIRUS, A: 19.8
ERIRUS, A: 21.8
ERIRUS, D: 22.8

Ground ---: 25.3

Grid Point 2
ERIRUS,A: 16.9
ERIRUS, A: 20.7
AULTUR, A: 22.7

Ground ---: 25.3

Grid Point 3
GYMINF, A: 23.2

Ground ---: 23.4

Grid Point 4
ERIRUS, D: 22.2
PETFRI, D: 24.5

Ground ---: 24.7

Grid Point 5
ERIRUS, A: 24.1
AULTUR, A: 27.4

Ground ---: 27.6

Grid Point 6
STELAE, A: 25.5

Ground ---: 27.6

Grid Point 7
CARAQU, A: 22.3
CARAQU, A: 25.9
STELAE, A: 26.3

Ground ---: 27.1

Grid Point 8
CARAQU, A: 18.5
CARAQU, D: 22.6
LITTER, D: 26.5

Ground ---: 26.7

Grid Point 9
PETFRI, A: 22.1
LITTER, D: 24.7
GYMINF, A: 25.9

Ground ---: 26.1

Grid Point 10
LITTER D: 28.5

Ground ---: 28.7

Above are the data used for the cross-section illustration. The format for each entry follows this pattern: 
SPECIES, A/D: ##.#. The species codes (six letters) used in the data sample are defined with photos and 
ŎƻƳǇƭŜǘŜ ƴŀƳŜǎ ōŜƭƻǿΦ ¢ƘŜ ƭŜǘǘŜǊǎ ά!έ ŀƴŘ ά5έ ƛƴŘƛŎŀǘŜ ŀƭƛǾŜκŘŜŀŘ ǎǘŀǘǳǎΣ ŀƴŘ ǘƘŜ ƴǳƳōŜǊ ƛǎ ǘƘŜ ŘƛǎǘŀƴŎŜ 
from the grid (leveled at zero in the illustration). Last is ground-to-grid distance. 
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Conclusions
Our resultsshowthat the date of different eventsin
aǇƭŀƴǘΩǎdevelopmentcouldbe useful for predicting
change,though phenologicalresponseto warming
is not a good indicator of coverchange. However,a
weak spot in analyzing plants by phenological
responseis that we did not have sufficient data to
use this label for all the speciesat the site. Further
assessmentof ǎǇŜŎƛŜǎΩphenologicalresponsecould
makethis approachuseful.
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Thanks to the National Science
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Phenologyis the study of the timing of life
cycle events. We studied the phenology of
the plant species present in our plots.
Weekly observationsof severalevents were
recorded throughout the growing season.
Theseobservationswere then used to label
some plants asάŜŀǊƭȅέor άƭŀǘŜέspeciesfor
different events. Thechangein phenologyas
a responseto warmingwasalsousedto label
the species.

Only two of the tests showedthat the phenologicallabel wasa useful indicator of how the community
changes. In both the LeafBurstanalysisandthe FlowerBurstanalysisthere wasa significantresultat the
BarrowWet site.

PhenologcialDataCollection
Eachplot was visited at least once weekly from the time of snowmelt until the third week of
August. Foreachspeciespresentin the plot, the date is recordedwhen the following eventsare
observed:
ÅLeafgreen
ÅInflorescenceappears
ÅFlowerburst
ÅFlowerwither
ÅSeedset
ÅSeeddispersal
ÅLeafwither
& Variousothersdependingon the species

Name of Species 

Fromthesedata we can determine
meanleaf bud burst date andmean
flower burst date. Specieswhose
meanis before the all-speciesmean
are labeledάŜŀǊƭȅέspecies. Species
whosemeanis after the all-species
mean are labeledάƭŀǘŜέspecies. A
speciesis not necessarilyanάŜŀǊƭȅέ
species for both leaf and flower
labels,anda speciesmayvary from
site to site. We used control data
only for theselabels.

We includethe data from experimentalplots when
we are labelingthe plantsbasedon the changesin
their pheonology as a response to the warming
treatment. The species are labeled as having a
positive phenological response to warming, a
negative phenological response to warming, an
inconsistentresponseto warming,or no response.
Theseresponsesare again kept separate by site,
and could vary from site to site. There was not
sufficient data for somespeciesto determine the
phenologicalresponseto warming,so thosespecies
werenot included.

Thetable to the right showsthe responsefor the 33
speciesthat had sufficient data at least one site to
determineresponseto warming.

P= strongpositiveresponse
p=weakpositiveresponse
N=strongnegativeresponse
n=weaknegativeresponse
U=unresponsive
I = inconsistent
Χ=notsufficientdatato labelat this site
X=not presentor not measuredat this site

Species Atqasuk Dry Atqasuk Wet Barrow Dry Barrow Wet

Arctagrostis latifolia X X U X
Carex aquatilis X U X U
Cardamine pratensis X X X P
Cassiope tetragona Χ X U X

Diapensia lapponica U X X X
Draba lactea X X i U
Draba micropetala X X U X

Dupontia fisheri X n X n

Dupontia psilosantha X n X X
Eriophorum angustifolium X U X U

Eriophorum russeolum X U X U

Eriophorum scheuchzeri X i X X

Hierochloe alpina U X X X
Hierochloe pauciflora X X X U

Juncus biglumis X X X U
Ledum palustre U X X X

Luzula arctica U X U U
Luzula confusa i X p U

Luzula wahlenbergii X i X X
Papaver hultenii X X p X
Pedicularis sudetica X U X X

Petasites frigidus X X X X
Poa arctica X X U i
Polygonum bistorta U X X X

Potentilla hyparctica X X p X

Salix rotundifolia X X i X
Saxifraga cernua X X X U
Saxifraga foliolosa X X Χ p

Saxifraga hieracifolia X X X U

Saxifraga hirculus X X X n
Saxifraga punctata X X U X
Senecio atropurpureus X X U X

Stellarialaeta X X p U
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** p<0.05

* p<0.10

Atqasuk Dry     Atqasuk Wet      Barrow Dry     Barrow Wet
Early vs
Late Leaf 
Burst

Significant 
response for 
Barrow Wet.

Early vs
Late Flower 
Burst

Significant 
response for 
Barrow Wet. 

Positive vs
Any Other 
Response to 
Warming

No significant 
response. 


