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. Table 2: Measurements of plant traits for each species at the Utqiagvik Dry (BD) and Utqiagvik Wet
tion Ambi . (BW) study sites. Traits measured include plant height (cm), carbon to nitrogen ratio (C:N Ratio), leaf
mbient (control plots) Warmed (experimental plots)

Nearly all climate change scenarios predict that the greatest Utgiagvik Dry (BD) dry matter content (LDMC,; ratio), leaf carbon content (Leaf C; mg g1), leaf nitrogen content (Leaf N;

' : : : : . mg g1), leaf phosphorous content (Leaf P; mg g1), dry seed mass (mg), and specific leaf area (SLA;
warming resulting from climate change will be in the Arctic. Low 350 f-------------mmmmomomommommo oo oo oo oo o L ERiete ittty : 29 ) 1 PTIOSPH ( 99°), dry (M) P (
femoerature is one of the areatest limiting factors to olant arowth i mm+ mg™). Plant height measurements are site specific. All other measurements are averages across

P e g _ g Tactors 10 plant growt L Ittt ettt e multiple sites (Bjorkman et al. 2018).
and reproduction in Arctic regions, so a rise in temperature Is m Standing Dead | h f f f d
: : T - b e e I e D L LT ety T Plant Height  C:N Rati LDMC Leaf C Leaf N Leaf P Seed M SLA
expected to impact plant community structure. The International Lichen Utotagvik Oy TED) e = = = = =
" e o N S . e Evergreen Shrub 4.03 45.83 0.55 513.14 11.64 1.13 0.79 6.51
Tundra Experiment (ITEX) uses open-top chambers to achieve = Bryophyte Cassiope tetragona 7.07 48.91 0.59 533.71 11.64 1.15 1.35 5.54
experimental warming in small plots to study how tundra plants 8 150 f---oocoooo o | ® Graminoid o ccinium vitis-idaea 2,99 a7 o P e e o e
. . . ] or : . : : : . . .
respond to an increase In temperature. Previous studies have = Forb Saxifraga punctata 3.88 24.04 - 421.00 17.63 1.67 - :
; - - - Senecio atropurpureus 1.40 - 0.23 - - - 0.93 12.73
shown that, in general, arctic plants respond to warming with = Evergreen Shrub Stellaria laeta 3.08 : - - : : 0.04 15.43
Increased growth and reproductive effort as well as earlier = Deciduous Shrub Grm;gzms Joinus 6.03 3091 052 484.79 1134 : 013 1358
phenological development (Oberbauer et al. 2013, Barrett et al. Arctagrostis latifolia 7.44 : 0.43 : 9.53 - 0.04 12.91
2015). Graminoids and shrubs have shown the strongest o 2 e o o e o Limell ovtica 130 ' 053 ' ' ' 0.16 15.47
. uzula arctica : - : - - - : :
- - .. - - - Utqiagvik Wet (BW) Luzula confusa 5.09 30.91 - 484.79 17.32 - 0.20 -
responses to warming with drastic increases in vegetative height Poa arctica 6.04 - - - - - 11.54
and cover (Hollister et al. 2015). While these general trends have 350 - - Utdagyik Wet (8W) a3 1533 0.56 13668 1730 ) 05 _ .62
been observed, it Is unclear why these particular growth forms are 5 -  Salix pulchra 733 28.33 08 136.68 1730 2.0 . 12.62
performing better with warming than others. Other studies have - Petasites frigidus 2.98 28.61 0.24 44137 20.48 1.44 0.47 15.07
- - - - - - R [ vali 2.11 - 0.14 454.18 41.38 3.92 - 35.82
indicated that plant functional traits will be good predictors of _ stellaria loeta 157 _ - - - - 0.04 1543
- ] - . R . .
changes in vegetation cover (Hudson et al. 2011, Soudzilovskaia 7 2% - oy satils oot 3091 o e 1891 %29 o2 N
et al. 2013). This study examined the plant traits (plant height, & 150 Erfophorurm angustifolium 9.62 - R 488.63 20.50 2.20 020 1032
. . uzuia arctica . - . - - - . .
carbon:nitrogen ratio, leaf dry matter content (LDMC), leaf . Luzula confusa 7.80 30.91 - 484.79 17.32 : 0.20 :
_ - P ' 7.82 - - - - - 11.54
carbon content, leaf nitrogen content, leaf phosphorous content, e
dry seed mass, and specific leaf area (SLA)) and correlated them . Table 3: Correlations of selected plant traits with vegetative cover change. R? values are presented with
with changes In vegetative cover to see whether any show 0 - - an asterisk for significance (R? > 0.6).

- - - 1996 2000 2008 2012 2017 1996 2000 2008 2012 2017

promlse as pOtentIal cover Change drlverS. Site Plant Height C:N Ratio LDMC Leaf C Leaf N Leaf P Seed Mass SLA
: _ : : : : ' C . : Utqiagvik 0.45 0.72 * 0.32 0.63 * -0.22 -0.39 0.73 * -0.16

Fig 2: Ch_anges In cover over time and with experimental warming at the Utqiagvik study sites. Years sampled are shown Utqiagvik Dry (BD) 045 er 3 041 07a 3 096 043 07y * o1

on the axis. Utgiagvik Wet (BW) 0.53 -0.69 * 0.28 0.06 0.07 -0.43 0.31 0.07

The research sites were established in 1995 at Utqiagvik, Alaska ]
(Fig 1A). The Utqiagvik Dry (BD) site Is situated on a well- 12510 1: Change in plant cover with five samplings over time and with response to warming at the Utgiagvik dry (BD) _SCUSSIOI'.I.

drained beach ridge and the Utqiagvik Wet (BW) site Is situated  angd Utgiagvik wet (BW) study sites. The average cover is presented at each sampling for the control (C1, C2, C3, C4, anc At the Utaiasvik Drv site. everareen shrubs and araminoids are increasing in cover and
between the beach ridge of the dry site and a drained lake basin. C5) and experimentally warmed (E1, E2, E3, E4, and E5) plots. The difference in cover between the control anc qragvik DIy SItE, €Very gran | A5ING
Each site contains 24 control plots and 24 experimental plots experimental plots is also presented (W1, W2, W3, W4, and W5). The change in cover for each treatment is characterizeo bryop_hyFes are decreé}s'”g In cover. At the Utqiagvik Wet site, deCIduo_us shrubs  and
fitted with fiberglass open-top chambers (OTCs) that raised the as no change (.), inconsistent change (1), and cumulative directional change (D* — increase, D- — decrease); responses to graminolds are Increasing in cover and bryophytes are decreasing In cover (Fig. 2; Table 1).
ambient air temperature 1°C to 3 °C (Fig 1B). Cover data was warming could also be categorized in relation to the control plots as a consistent change (C* — increase, C- — decrease) and However, not all _Of these trends are consistent In response 10 experl_mental warming. \We
collected using a non-destructive point frame method as outlined a cumulative directional change observed only in relation to the control plots is indicated with italics. examined eight different plant traits to see If they could help explain why some species
in the ITEX Manual (Molau and Mglgaard, 1996) (Fig 1C). Data 7o e e — ——————————— Change while oth_ers do not (Table 2). We corre_lated these traits with the chapge_l_n vegetative
was grouped into growth forms for analysisl Plant trait data Wwas Utaiagvik dry (BD) site cover frOm the flrSt Sampllng to the IaSt Sampllng. CN ratio was the Only Slgnlﬂcant trait at
Deciduous Shrub 150 285 245 230 283 | 149 243 200 241 272 . 01 42  -44 1.1 -1.2 - . ..
obtained from the Tundra Trait Team (2018) and correlated with Salix rotundifolia 150 285 245 230 283 | 149 243 200 241 272 . 01 42 44 1 1. the BW site. Leaf carbon content and dry seed mass were significant at both the BD and BW
: : . Evergreen Shrub 114 204 195 371 303 D' 152 248 277 502 402 C' 3.8 4.4 82 130 9.9 - - SNSRI - : -
the change In cover between the first sampling and the last Cassiope tetragona 113 198 194 368 301 | 152 248 277 502 402 C 3.9 5.0 53 133 101 SIES (Table 3). However, when we COmbmed_ the two Utqiagvik Slt_eS C:N rgt"_)’ leaf ca_rbon
sampling.  Joccinium vitis-idaea PR G e N O o1 0s o1 03 02 content, and dry seed mass all showed potential as cover change drivers. This Is most likely
Saxifraga punctata 03 13 18 13 22 | 06 08 19 14 21 . 03 05 01 02 01 cue toasmall sample size. We suspect that as gaps in the dataset are filled, more traits will
Senecio atropurpurous 0.3 0.3 0.0 0.1 0.2 : 0.3 0.6 0.0 0.1 0.2 : 0.0 0.3 0.0 0.0 0.0 ] ] ] ]
Stellaria laeta 16 30 15 15 25 | 10 28 37 30 30 C 06 01 22 15 o5 Show stronger correlations with cover change. We hope that future studies will help us better
Graminoid 3.0 7.3 8.2 8.0 180 D’ 4.5 12.3 19.6 17.7 294 D’ 1.4 5.0 11.4 9.7 11.4 . . i : i i
Alopecurus alpinus 01 00 03 03 05 . 03 11 01 09 15 C 02 11 01 os 10 understand which species will become dominant as the region continues to warm.
Arctagrostis latifolia 0.8 2.1 1.4 1.1 28 . 1.0 3.1 3.5 2.1 66 C 0.3 1.0 2.1 1.0 3.9
Carex aquatilis 0.0 0.2 0.1 0.2 0.8 . 0.6 0.8 2.2 1.7 51 C 0.5 0.6 2.1 1.5 4.4  Acknowledgements:
Luzula arctica 0.2 0.3 0.3 0.3 01 . 0.5 0.7 0.6 0.8 04 C 0.3 0.4 0.3 0.4 0.3
tttttttttt Luzula confusa 1.3 3.0 4.2 2.7 49 | 1.3 2.8 5.5 3.0 42 . 0.0 -0.2 1.3 0.4 0.7 | would like to thank the National Science Foundation (NSF) for providing funding, UMIAQ for logistical support, and all
; o Oretica oo 10e s e 1es or e er o ae Ir o e ao 2l Sy 25 members of the GVSU Arctic Ecology Program (AEP) for data collection, analysis, and inspiration. I would like to especially
’V,i’fm‘ggipous Moss 2 118 . 20 gc | c 4 o6 36 5o S 51 99 41 3 .13 thankJacob Harris, Jeremy May, Hana Christoffersen, and Kailey Keenan-Whittemore for their help and support.
Kodiak Pleurocarpous Moss 2.0 5.7 3.1 9.0 7.7 | 1.3 3.2 2.1 3.5 38 C -0.7 -2.5 -1.0 -5.4 -4.0 ]
e e Lichen | 270 379 325 484 427 | 258 247 159 196 180 | 13 132 -166 -288 -247  References:
aaaaaaaa EE?.?@?‘Z LLIIil:\ZI:\ 2:(3’ gé g:g 1(1):1 18:? : 2:8 é:g 2:2 (5):2 g:g D _8:(3) :g:; _2:(3) :2:? :(5):; Hollister, R. D., J. L. May, K. S. Kremers, C. E. Tweedie, S. F. Oberbauer, J. A. Liebig, T. F. Botting, R. T. Barrett, and J. L.
Fruticose Lichen 16.7 26.3 23.4 37.2 320 | 15.7 15.8 11.1 13.3 126 | 1.0  -105  -123  -239  -19.4 Gregory. 2015. Warming experiments elucidate the drivers of observed directional changes in tundra vegetation. Ecology
Utqgiagvik wet (BW) site 0.0 0.0 0.0 0.0 0.0 and Evolution 5(9) 1881-1895.
***** Deciduous Shrub 0.2 0.0 0.0 0.3 1.0 | 0.3 0.7 1.8 3.8 61 D' 0.2 0.6 1.8 3.5 5.1
Salix pulchra 0.0 0.0 0.0 0.0 00 . 0.0 0.0 0.1 0.3 08 . 0.0 0.0 0.1 0.3 0.8 . Chifte i : :
N S e AN | Sa/g: r;’tundifolia 07 00 00 03 10 03 07 17 o ca b 02 06 - 2 14 Hudson, J. M G., G. H. R: Henry, and W. K. Co_rnwell. 2011. Taller and larger: Shifts in arctic tundra leaf traits after 16 years
o —— e ; s B i e ik RN NV w v e S S Forb 178 146 140 191 223 . 156 131 165 195 182 . 22  -15 2.5 04  -41 of experimental warming. Global Change Biology 17: 1013-1021.
A i [ e i e RN e Petasites frigidus 0.2 0.1 0.7 1.1 14 . 0.3 0.5 0.4 0.5 0.4 . 0.1 0.4 0.3 -0.6 -1.0 _ _ . _
kL | Lt et r— r————— ) Ranunculus nivalis 0.0 0.1 11 0.0 01 | 0.0 0.0 0.4 0.0 00 0.0 0.1 0.7 0.0 01 Molau, U., and P. Mglgaard (eds). 1996. International tundra experiment (ITEX) manual. Second edition. Danish Polar Center,
& . . Sl 20 TR Stellaria laeta 3.9 2.1 2.4 2.8 46 | 3.6 3.1 2.2 2.9 40 . -0.3 1.0 -0.2 0.1 -0.6 Copenhagen, Denmark.
e i & e G e, Graminoid 433 630 506 756 936 D' 444 604 513 800 966 . 11 -25 0.7 4.5 3.0
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" N \ : A oAl R R riophorum angustifolium : : : : : : : : : : : -1. -0. -1. -0. -0. - - “ 4l - - -
4 ~- Ny . e Lurula arctica 09 05 03 03 0 02 01 01 05 0o 0.0 0.0 0o 01 04 Ph(_enologlf:al response _of tundra plants to ba_ckgroun(_j clm_1ate va_rlatlon tested using the International Tundra Experiment.
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— — —— R R Poaceae spp. 2.8 11.3 5.3 9.5 13.8 | 2.2 11.8 3.2 10.4 11.4 . -0.6 0.5 2.2 0.9 2.4 _ _ _ _ _
|:ig 1A: Location of study site in Utgiagvik Alaska. B: Working at Bryophyte 42.0 56.4 25.1 34.0 27.6 | 42.0 45.6 16.1 20.7 175 C 00 -10.8 9.0 -133 -101 Soudzilovskaia, N. A., T. G. Elumeeva, V. G. Onipchenko, 1. I. Shidakov, F. S. Salpagarova, A. B. Khubiev, D. K. Tekeev, and J.
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