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Spatiotemporal variations in flowering phenologies of alpine plant communities:

long-term volunteer monitoring in an alpine ecosystem
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Abstract: Global warming will strongly modify the phenology of alpine plant communities. Long-term monitoring of flowering
dates has been conducted by volunteers in alpine plant communities in the Taisetsu Mountains of northern Japan. The present
study reports the results of analysis of 6 years of data (2006-2011) on flowering phenology. Time to first flowering of a species
can be successfully expressed as the temperature sum above 5°C. In fellfield communities, cool temperatures restrict the
development of floral buds. In the warmest summer, most of the fellfield species had the earliest onset flowering and the shortest
flowering period. On the other hand, flowering of snowbed communities was strongly determined by snowmelt time at a local
scale. The relationship between summer temperature and snowmelt time was less clear, indicating the difficulty in general
prediction of snowmelt time. Slow snowmelt within a community in cool summers increased flowering overlap among species.
Several species had significant variations in the thermal requirement for flowering between populations. Therefore, consideration
of seasonal patterns of temperature, site-specific snowmelt patterns, and variation in ecophysiological traits of a species are
important for precise prediction of global warming impacts on the phenology of alpine ecosystems.
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WfFe 1. BAEAT o 2o IR AR Y A b

THE - MEERT

il & T
477 XF AT TR Diapensia lapponica L. ssp. obovata (Fr.Schm.) Hultén
r3I - UR YhAAAIFTY Patrinia sibirica (L.) Juss.
F*¥a o ATFFay Campanula lasiocarpa Cham.
* 7 F IYIHTTHI Circium pectinellum A.Gray var. alpinum Koidzumi ex Kitamura
TALF NI LV Saussurea yanagisawae Takeda
AT Soidago virgaurea L. ssp. Leiocarpa (Benth.) Hultén
r< vk a~x s Dicentra peregrina (Rudolph) Makino
T N R IIYNTVFAX Pedicularis chamissonis Steven var. hokkaidoensis T.Shimizu
FNFIA T Pedicularis oederi Vahl
A7 ru Penstemon frutescens Lamb.
IV AT THEY Veronica stelleri Pall. ex Link var. longistyla Kitagawa
A VAR IVa%r g Primula cuneifolia Ledeb.
) Ff NG} LRI Ty Peucedanum multivittatum Maxim.
VIR YT Tilingia ajanensis Regel
5 7R LT NT )T Bistorta vivipara (L.) S.F.Gray
v DR IRANY YT T Arcterica nana (Maxim.) Makino
TITIYRIIY Arctous alpinus (L.) Niedenzu
FURIHTY T T Bryanthus gmelinii D.Don
AT Harrimanella stelleriana (Pall.) Coville
IARXFY Loiseleuria procumbens (L.) Desv.
TEI T T Phyllodoce aleutica (Spreng.) A.Heller
ALY HFT T Phyllodoce caerulea (L.) Babington var. yezoensis Koidzumi
FNFTX TS Rhododendron aureum Georgi
B A Therorhodion camtschaticum (Pal.) Small
VA A Vaccinium uliginosum L. var. alpinum Bigelow
INTEE IV FR NS Potentilla matsumurae Th.Wolf
AT xS Potentilla miyabei Makino
FHARNTTF I Sanguisorba canadensis L. ssp. latifolia (Hook.) Calder et Taylor
TR Sieversia pentapetala (L.) Greene
I RIIVNTEY T Spiraea betulifolia Pall. var. aemiliana (C.K.Schn.) Koidzumi
) v RoF JEA) Y Gentiana algida Pall. f. igarashii Miyabe et Kudo
IY~Y Y Gentiana nipponica Maxim.
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