EIEEYIZ B ERTSE(TW J. of Biodivers.) 17 (1): 15-27, 2015 15

d EREAFFERSCHE LT 2 RS
o5 - Hp 2 B AR

Using herbarium collections to evaluate the influence of air
temperature on plant flowering time in tropical and temperate
Talwan

134t hE32?2 maEr ? 1l

Yu-Ting Wang®, Huan-Yu Lin?, Chien-Wen Chen? and Hsiang-Hua Wang"”

AR £ R g ERRe-E G ¢ e 04606 B A BAE 4 412 Bl 203 5L
CHHEEEEBORERRPTEME A 10066 4 3k dg 5 53 58

Y Hengchun Research Center, Taiwan Forestry Research Institute, Pingtung, Taiwan

2Division of Botanical Garden, Taiwan Forestry Research Institute, Taipei, Taiwan

* A 1’riﬂf : hhwang@tfri.gov.tw

*Corresponding author: hhwang@tfri.gov.tw

£ 2

EERIRA L E WS 2 AL VIRIPIEILSR - SEIR A2 Bt [ i D B SRR PP Ec i - (H
e EETHYITA B PR B HIPREATAS - [y r[FMR LRI S W (LB IE - A 7ELUEE S -
ERTMBRLER A HECRY) B v | LB IR YR AP o TR - 8 PR ) 08 E SR IATAS B B A B SR SR
% - tabesR AR LTS LEHEAR Y LIARO R B MR ERTE IR FER IR © ARG SR
7T~ e Ll PRI A LSRR B 2 - HAG ELBIRIRERRTE H B S B AR SRR - 7RENSR
TR 2 B R R BA L EI SR - IREHEMI & st e IR D RE LU R 7R IS5 ~ BRI 2R P
SE AR RIREERITEI - AHZEWI DR - BA R LIS IR 6fF - W R/ nAER
W EAR » DU AAE R LIE I KIS E ~ EEEENE ~ RIS - FEERpieg - S5 -



16 FH BER AR L (LI 2 S

Abstract

Global warming has influenced many animal and plant phenological phenomena. Although most
areas lack long-term plant phenological records, researchers can still estimate plant phenological changes
from the past to present through the specimens reserved in herbarium. Our study focused on tropical
species of Hengchun Peninsula, Orchid Island, and temperate species in high mountain areas. Based on
the specimens in Taiwan's main herbariums and weather station records, we examined the influence of air
temperature change on plant flowering time in tropical and temperate Taiwan, and tried to find potential
indicator species. The results show that the flowering time of high mountain specie were more
synchronized and concentrated in the summer, and higher proportion of species showed negative
correlation between mean annual flowering date and annual mean temperature. We propose that the
flowering time of high mountain area species is more sensitive to climate change than the Hengchun
Peninsula and Orchid Island species. Six species were evaluated as having the potential to be indicator
species of climate change. They are Timonius arboreus on Orchid Island, and Cerastium trigynum,
Gentiana davidii, Leontopodium microphyllum, Platanthera brevicalcarata, Veratrum formosanum in
high mountain areas.
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Fig. 1. Patter of surface air temperature change

from 1952 to 2013 in (a) Hengchun, (b) Orchid
island and (c) Yushan.
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Fig. 2. Flowering period records of herbarium specimens collected in (a) Hengchun Peninsula, (b) Orchid

Island and (c) high mountain areas.
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Table 1. Linear regression analysisbetween flowering date and mean annual temperature.

Chinese name Scientific name sp':Zilnizm gs{;r(;f R? P (ggiﬂ,ge) F:?lzv:t;::g
JIEL Orchid Island

FARERAE Dendrolobiumumbellatum 64 32 0.001 0.827 -3.31 3-9
LHLAFF Euonymus cochinchinensis 29 21 0.012 0.572 -9.38 5-10
FEAFEUH Y Melastomaaffina 30 22 <0.001 0.930 1.60 2-7
HAZEHF Microtropis japonica 22 14 0.002 0.840 -5.55 1-4
HAR Timoniusarboreus 24 17 0.255 0.012** -17.56 3-5
E #5425 Hengchun Peninsula
BI=) Allophylus timorensis 24 16 0.110 0.113 38.63 4-12
HHEZ AL Anneslea lanceolata 26 14 0.038 0.340 -12.25 12-4
IRt Castanopsis indica 30 22 0.028 0.376 7.61 1-4
R 7 A Cyclobalanopsis championii 24 18 0.038 0.362 -19.77 2-5
+FK Decaspermum gracilentum 23 21 0.060 0.259 -8.01 4-6
[SEESIRRN Garciniamultiflora 25 20 0.001 0.893 -1.41 2-5
HH T Gelonium aequoreum 24 18 0.005 0.742 -4.80 2-5
HAE P Microtropis japonica 33 20 0.008 0.623 6.04 11-3
REIUFTARE T Neolitsea buisanensis 29 19 <0.001  0.959 -0.83 10-2
{[FETERIZN Rhaphiolepis indica 32 25 0.007 0.652 5.61 2-5
EHR Sophora tomentosa 25 21 0.075 0.186 -38.50 6-12
[SRRGiziN Syzygiumkusukusense 26 17 0.003 0.804 -3.26 5-8
# L High mountain
2855 Aconitum fukutomei 31 20 0.001 0.875 1.38 7-10
FIBH Cerastiumirigymin 50 31 0153  0005%* 3116 61

var.morrisonense

Y579 Circaea alpina 32 22 <0.001 0.922 1.14 6-10
RN Gentianadavidii var. formosana 21 17 0.163 0.070* -31.80 7-11
ELIGEnE Gentiana scabrida 62 21 0.001 0.865 -1.32 5-9
FIEARAR S Geranium hayatanum 62 32 0.030 0.180 -8.49 6-9
F 1Lk Hypericumnagasawai 55 30 0.042 0.129 -11.31 6-9
RIHEE Leontopodium microphyllum 27 19 0.140  0.055** -22.83 5-8
RS Pedicularis verticillata 53 23 0.011 0.451 5.353 5-8
ERINEES Pimpinella niitakayamensis 38 18 0.073 0.100* 14.81 5-9
K ER I Platantherabrevicalcarata 53 27 0.130 0.008*** -15.90 6-8
NI Primula miyabeana 31 23 0.031 0.342 14.36 5-9
EREE Ranunculus formosa-montanus 42 25 0.052 0.146 -11.96 5-8
FLfhHE Sedum morrisonense 40 28 0.061 0.125 -14.53 6-9
PNt Swertia macrosperma 38 25 0.020 0.400 -6.06 7-9
[Eapil s Trigonotis nankotaizanensis 27 23 0.069 0.169 -11.47 6-9
2R Veratrumformosanum 34 22 0.117 0.048** -16.67 6-9
FIUKEE Veronica morrisonicola 90 33 0.022 0.160 -8.807 5-9

Note: *Marginally significant at a level of P = 0.1, **significant ata level of P = 0.05,
*#* highly significant ata level of P< 0.01.
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Fig. 3. Linear regression of the flowering date and mean annual temperature for (a) Timonius arboreus ,
(b) Cerastium trigynum var. morrisonense , (C) Gentiana davidii var. formosana , (d)

Leontopodium microphyllum , (€) Platanthera brevicalcarata , and (f) Veratrum formosanum.
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Fig. 4. Linear regression model of the mean
annual flowering date of species with (a) year
and (b) mean annual temperature of herbarium
specimen collected from high mountain areas.
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