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ARCTIC : i :
ECOLOGY STATE UNIVERSITY. Grand Valley State University Biology Departme
d T h E Siteswere establishedat the coastalcity of Barrow,Alaska(71°17MgrN 156°45/8PrjV) in 1994and 1995and at the inlandvillageof Atgasuk(70°28@0¢ HL57°2518{V) in 1996
St raCt — o\ 22 L\ (ﬁ’\’ ‘ e X p e r I I I l e n At eachlocationa site wasestablishedn a dry heathcommunityand in a wet meadowcommunity At eachof thesefour sitesthere are 24 control plots and 24 plots under
pecsegid NH ey . ﬁl ! ,'.‘.-T-ue*-!."m%;___f, ‘_‘L,,".;Pﬁ-‘-;\if___‘;_é_‘ S longterm tundra warming study with OpenToppedChambergdOTCs) The OTCsvarm the experimentalplots on averagebetween 1° and 3° Celsiudor the growingseasondependingon the site and weather

conditionsfor the year Theyare designedo be a passivevarmingsystem,allowingweatherandsmallanimalsin andout of the plots.

S|te3|n both dry andwet Arcticcommunities

Arctic plant specieshavedifferent growth and reproductive patterns; in the
short Arctic growing season,some specieswill begin growing or flowering : 4
earlier than others. When & LJS Cgkowth &hd reproduction are triggered T et 1 R
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 community change

Location of sites in Northern Alaska Barrow Dry Heath Slte | | Barrow Wet Meadow Slte/\(th OTC) Atgasuk Dry Heath Site Atgasuk Wet Meadow Site

. " D N (@ . A
P Phenologyis the study of the timing of life The plant ™~ dusi int- . We used community data from the cover
henOIOgy cycleevents We studied the phenology of CO' I “ I IU ﬂ |ty fraag ?T?etﬁgrdn?fucn(;\yelf ar;seeissl:;een?:g?hacgﬁlt?m C()ﬂ neCtl ng assessment see green box), labeled the

the plant species present in our plots. sz plots and warmed plots are measured Previous species using phenology data (see blue
Weekly observationsof severalevents were v o . | studieshave shownthat warmed plots have more box) and compared the control plots to

recorded throughout the growing season " andlargervegetationoverall, but differencesexist the warmed plots (see red box). In this
Theseobservation§were then usedto label . in how each species changesin response to way we were using differences In
someplantsasa S I NI Bfél spéciesfor '_? warming. Some species increase in absolute phenology to look for ways to explain
different events Thechangein phenologyas ! cover, some speciesdecreasein absolute cover, changesin the community. We used a
aresponseto warmingwasalsousedto label ' and some remain the same The ohenologydata two-way ANOVAas a statistical measure
the species & il be usedio look for differences of whether the phenology Ilabels
explained community changes Eachsite
was analyzed iIndividually, due to

PhenologciaDataCollection

- : : : Pointframe Method of CoverAssessment
Eachplot was visited at least once weekly from the time of snowmelt until the third week of

Plantcommunitydata was collectedusinga point frame method in 2007and 2008 A75cmx 75cm

Ak‘)Jg“St Zor eachspeciespresentin the plot, the date s recordedwhen the following eventsare | | o4 pictured above)wasleveledover eachof 96 control plots and 96 experimentalplots. At eachof differencesin community composition

z_ sefrve 100 intersectionsof the grid, a ruler was dropped Everytime the ruler touched something,it was Onlytwo of the tests showedthat the phenologicallabel was a useful indicator of how the community
A il"" it identified by species(or by abiotic material) and recorded as alive or dead Eachencounter was changeslin both the LeafBurstanalysisandthe FlowerBurstanalysighere wasa significantresult at the
é}owsfbcfrgf@ppears recorded,aswell asthe groundheight Belowis a simplifiedillustration of what a crosssectionof one BarrowWet site.

lowerwither row of the grid might look like, usingan exampleof the data, alsoshown Theruler is shownat the Ataasuk Dr Ataasuk Wet Barrow Wet

secondencounterat grid point 8 in the row, with the correspondinglata circledin red.

Seedset 60 Earlyvs
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feedd_lspersal 0 | ate Leaf
eafwither | | 30 Burst
& Variousothersdependingon the species 0.0 20
Fromthese data we can determine ) - 10 Sianificant
meanleaf bud burst date and mean - _ 0 regponse for
flower burst date. Specieswhose | ) carly LA Farly Late mary - Late Early __Late Barrow Wet.
meanis beforethe all-speciesmean | | N 60 Earlws
are labeleda S I Nedes Species| | g 10.0 50 W
whose meanis after the all-species | | 3 40 Late Flower
y - - 30
mean are labeledd t | dpeies A | | £ 20 Burst
speciess not necessariana S NI £ € - 10 J Significant
species for both leaf and flower £ - 0 regponse for
Ia_lbels,and a speciesnay vary from g 20.0 Early Late Early Late Early Late Barrow Wet.
site to site. We used control data 20 Positivevs
Name of Species onlyfor theselabels - ‘ _ 60
We includethe data from experimentalplots when Seeces ___ Atqasuk Dry Atqasuk Wet Barrow Dry _Barrow Wet | ‘ ' ig Any Other
we are labelingthe plants basedon the changesin caexaquatis _ 20 Response to
their pheonology as a responseto the Warming caens emeson 30.0 o W '
¥ Jayas X ming e et Gidpont1 [ graponts |[ iapon3 | graronte | Guaponts | graponie || Guopom7 || gudronts || erdponts | grdpointo - - 10 arming
treatment. The speciesare labeled as having a Drazalacteapp ERIRUS, A: 16.1| ERIRUS A: 16.9| GYMINF, A: 23.2| ERIRUS, D: 22.2] ERIRUS, A: 24.1| STELAE, A: 25.5| CARAQU, A: 22 A 5 PETFRI, A: 22.1}| LITTER D: 28.5 0 .
positive phenological response to warming, a Drabamicropetaia CRIRUS, A- 19.6]| ALTUR A 22 e | e | Srpnau e 2o A 0241 Positve  Other Positive  Other Positive  Other posiive  Other | 10 s(')%ggca“t
. c - upontia risneri . .
negative phenological response to  warming, an Duporta psicsantta, CRIRUS. B 950 -
InCOnS|StentreSpOnSEtO V_Varmlng’or no response Er?ophorum russeolum _ Ground---: 25.3 Ground---: 25.3 || Ground---: 23.4 || Ground---: 24.7 || Ground---: 27.6 || Ground---: 27.6 || Ground---: 27.1 || Ground---: 26.7 || Ground---: 26.1 || Ground---: 28.7 -
Theseresponsesare again kept separate by site, Erophorum scheuchzer _— _ _ O n C u S I O n S
and could vary from site to site. There was not ierochioe paucifora Above are the data used for the cressction illustration. The format for each entry follows this pattern:
sufficient data for some speciesto determine the [eqm pacars SPECIES, A/D: ##.#. The species codes (six letters) used in the data sample are defined with photos  Qur resultsshowthat the date of different eventsin
- : ; Luzula arctica (] - = 0 ) T i1 S Y ! ¢ : = 3 ) 4 N .
phenologicaresponseto warming,sothosespecies (2 @2 O2YLJt SuUS ylysSa o0st2gd ¢KS CSUUSNR alte FYR ade 53 | gefye®amentcould be usefulfor predicting A

were not included Luzula wahlenbergii

Papaver hultenii

Thetable to the right showsthe responsefor the 33 Fedicuans sudetica

Petasites frigidus

speciesthat had sufficientdata at least one site to Poaarctica

from the grid (leveled at zero in the illustration). Last is gretordrid distance. : :
. | change,though phenologicalresponseto warming Thanksto the members of the

is not a good indicator of coverchange However,a 5oiy E;ﬂggﬁgggm;g@gﬁn
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determineresponseto warming iﬁl_i%‘éﬂ?ﬁyf;};‘é[f?a weak spot In analyzing plants by phenological Kﬁ;nn%rz S‘]r?;genggg ,\(A;iilﬁggl
D ereshonse g:'x'gi:;:}i';:'uz responseis that we did not have sufficient data to Lothshutz
rl:l:vigglz\r?ggeaﬂﬂ}ie\ggesg):snje gggiggg E():gff)na use this label for a”,\thve Sp?Ciesat the site. Further lgﬁﬂld(ztﬁ% ntpoer ll‘\LIJitCII(I)rr]]S | aSn(élietltl](e:e
U=unresponsive Eeisaa e assessmenbf a LIS Qoheh@oQicalresponsecould  BarrowArctic ScienceConsortium

T CCXXXX—T XCXXT XTCXXXXXXXXXC—XCXXZC

| =inconsistent | Pt e ' i | o " f idinglogisticsin Alask
_ . . . Stellarialaeta ERIRUS = AULTUR = GYI\/HNF = PETFRI= CARAQU = STELAE = LITTER = - Oor providinglogisticsin Alaska
X=notsufficientdatato labelat this site Eriophoruntusseolum  Aulacomniunturgidum Gymnocoleanflata ~ Petasitedrigidus Carexaquatilis Stellarialaeta Leaf litter makethis approaChuserI
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