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Abstract

ABSTRACT

Keywords: Climate Change, phenology, Rhododendron spp., alpine plants

1. Introduction

Changes in plant phenology are the result of an overall reaction to climate change and a
process through which plants adapt to climate change, in particular plants growing in extreme
environments. Although Taiwan is situated between the temperate zone and the sub-tropical
zone, its high mountain environment is very harsh because conditions are worse than low
altitude areas in terms of radiation, wind, snow, temperature, moisture and soil quality. Mt.
Xue is the highest mountain in the mountains of north Taiwan. In their limited environment
alpine plants are relatively fragile like an island ecosystem and thus are subjects worthy of
study when researching climate change. In the first year of this study the main research
material was the Rhododendron morii Hay. distributed along the Mt.Xue trail from the east
peak of Mt.Xue to the peak of Mt.Xue. The distribution of Rhododendron morii Hay. was
surveyed at different elevations, sample plants were selected, the flower buds then picked and
their anatomy observed through a microscope, and temperature and light recorders and high
mountain weather station data were also used, establishing basic phenological data for alpine
plants. In the future, the connection between this basic data and climate change will be

examined to provide reference for conservation, interpretation and park management work.

2. Methodology and process

1. Survey time

From February to October 2010 ten surveys were carried out along the trail leading to
the main east peak of Mt. Xue. 26 Rhododendron morii Hay. were selected as sample plants

along the trail and the samples were distributed from 3,065 to 3,885 meters elevation.

2. Phenological survey

Sample plant biological surveying included stem ground diameter, flower bud diameter
changes, leaf bud length changes, number of flowers per bract, number of leaves per bud,

VI



number of leaf buds per branch. This year information about other sample plant environmental
factors was collected, for example, their precise position was measured using GPS, elevation,

temperature/light changes.

Leaf phenology : At present only leaf expansion period is surveyed, from budding to

leaf-expansion an electronic vernier caliper is used to measure the length of the leaf bud
from the base to tip

Flower phenology : The changes that occur before flower buds appear are recorded. The

diameter of the flower bud is measured then the time of blooming and number of flowers
recorded.

3. Main findings

The study found that the blooming time of various plant species on the peak of Mt.Xue
becomes later as elevation increases; plants at lower elevations bloom from late February
while most at higher elevations didn’t start to bloom until mid-May, a result that is probably
related to temperature. The relatively late blooming of some colonies after August, is

probably related to the light cycle.

Sunlight is the key factor for the blooming and leaf opening of the Rhododendron morii
Hay. The accompanying temperature increase probably activates the blooming mechanism
and makes Rhododendron morii Hay. growing in different places have a different number of

flowers and leaves.

4. Main recommendations
Recommendation 1
A recommendation that can be immediately implemented
Directing Agency : Shei-pa National Park Headquarters

Shei-pa National Park has many beautiful and precious plant species in the high

mountains that have not been identified, which is a pity. If in the future, when alpine plant



changes are effectively monitored information useful for flower appreciation can be posted
instantly on the national park website, climbers will be able obtain information about plants
before they set off to visit Shei-pa, and the natural beauty of the national park will thus be

effectively promoted.

In addition, the public will be made aware of the threat to the survival of alpine plant
global warming represents and thus pay more attention to environmental problems and, as a

result, reduce energy use and carbon emissions in daily life.

Recommendation 2
Mid-long-term recommendation

Directing Agency : Shei-pa National Park Headquarters

The long length of the Mt. Xue peak route means that phenological monitoring must be carried
out on foot. If a wireless transmission system can be established in the future so that climate
data and live images can be transmitted, the manpower required for surveying would be
significantly reduced and the results would make promotion of the national park’s leisure

services and conservation work more convenient and be practically useful.
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ARAFA TRITH GRABT S TTALTE P RS B 2 1T 4 T
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L a s E4a 2 BREPREIH HIBHFYT (¢ TR BE) Such &

KB PR R 0T - R PR o
AT REARE REF LU 92140m T A M TE 03,886m 0 FH AT B oen
B FHY M2z oAl BRI AU L (-) BHEAF <2,500m -~ (Z)
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formosanum Wallace) ~ % .1 £ 3% ¥+ (Hypericum nagasawae Hayata) ~ & 3 (Senecio
nemorensis L. var. dentatus (Kitamura) H. Koyama) % 444 > 325 S5 > Er 2§
B LIEBE2Z A RE b 4 AREFFY O TR LRI TEEAR Y > B E
TAEDPPGEFATAEZ MK o BIY A F RAHPTHR S 2T A (EF 22.00N -
A 25.13N)E £ 5 28C > pE# 9 350km» B E R FER T 06C > R EAL! BB

75kme i a4 F L > I HH100m v EFApR Gk 0 FP 2L AR
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nankotaizanensis Yamamoto) ~ & ' § 2L & (Pedicularis ikomai Sasaki) ~ £ .. 5 7 (Aster
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takasagomontanus Sasaki) ~ * . . & § (Scabiosa lacerifolia Hayata) ~ = . %~

(Artemisia tsugitakaensis (Kitamura) Ling & Y. R. Ling) = 7 48 > 23855 5 %45 f
L\)ra»_J ﬁn/ |%EHL B A #&_4 pL 'V'Ji‘ﬂrﬁmlﬁa?\  HE BBt iRiE s B3

S ifwﬂ“¢51ﬁﬁﬂﬁ’ﬁ&%5%#@*%@ i F £ o Rl R

FiH B AR 2 TH S FEHFD k42010 ERF2KEED 50 g A
FiT (R 22 ARETA LY 5 AR T BL L BEGEY S TL K4
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S
AN
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Bl 2-2. T L 5 19202m0&5”29@%\i¢ﬂ J#ﬁﬁﬁ% CHRT G 4 P

m A2 KT

-z )

ENIR s = s (3,000m<iE $& 4 # <3,500m) 4§ % v % X % (Fragaria
hayatae Makino) -~ > % % & + (Ribes formosanum Hayata) ~ * # %

TG
(Chrysosplenium hebetatum Ohwi) ~ = # =% ujﬁr”‘? % (Oxalis acetocella L. subsp. taemoni
(Yamamoto) S. F. Huang & T. C. Huang) ~ & <423 7= (Anemone stolonifera Maxim.) ~ %
L% (Primula miyabeana T. 1t6 & Kawakami) ~ "'+ < 2 % (Lonicera kawakamii

A

(Hayata) Masamune) ~ 5 £ F (Pedicularis verticillata L.) ~ % . % # (Erigeron

morrisnoensis Hayata var. morrisnoensis) % % . {7 %~ (Parasencio hwangshanica (Ling)

C.1Peng &S.W.Chung) % 104 > % ¥ % Fp@pmpi ~ g e 5 Lo
Tt h Gt (B 23)  af L@ Fagsdnd W SHE2LE &4
TR AR S EGPEF N A8 TR TARFRET T A&

HEEZFE I f G2 BRI R TL LD P GREFLLREY -
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¥ ¢ 4o 5 4 A A~ (Symplocos formosana Brand var. formosana) - H -4 R -
(Monotropa uniflora (L.) A. Gray) ~ - ## # (Trochodendron aralioides Siebold & Zucc.) ~
B3 & 3§ (Viola biflora L) ~ % % i # (Orchis kiraishiensis Hayata) % 2 .l %7 &
(Veratrum shuehshanarum S. S. Ying) %{e4 » H 18 5 2 42— B » » H ¥ eh S %A
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FELEF f 0 GlAeD LA F A 42 3,000m F T 200m % T AR R 0 (e FlagE
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B 2-4. = L% (Veratrum shuehshanarum) B =43 > Bl = 5 2003 & 7 7 31 p &%

v

HAordp#E > B+ 5 2010 2 8% 19 p A “ripik
BATZ A BB ES Y 3 - FELSREFTL O YL
o o2 L5 B~ 2L HBHE - - % - (Solidago virgaurea L. var. leiocarpa (Benth.) A.
Gray) ~ ¥ 72 (Senecio nemorensis L. var. dentatus (Kitamura) H. Koyama) ~ £ .1, %~ §
{7 %~ Ao jF (Aster lasioclada Hayata) % » gt R EE3va = fa > § 7 &
AL A ILE R T i‘s’--;‘fé&? (Taraxacum officinale Weber) #= 73 ip v B4 B4
FEHER A EERLR 2 A a HREDRTR T IEFES LB R E
o Hjgde kar 22 H1V G 7 T chd £ o BRAAF T BT L 0L 5] chde fEen B
RO ERRAEDBRZM G Aaf BREDHRET > OB AERT S A PRE Kk

A T A IR LR B 0 A KR A S 6 B R T H £ B R R

B 25 2Ly RH AR B Zi Rl fF (Aster Ia5|oclada)(2010 10 12) l%]
+ % 2.4 % (Artemisia tsugitakaensis) (2010.8.20.)
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221 2L AR LPIRKRS GERE 0 LB S 2 FHRTFILE R R REL
B e o

Z%ffék W s HIRER N i@"ﬂ?i@ R %ﬁf s
&WIE (cm)  (m) 5 fE48 SEIEERL

1 72 3065 % 3H25H SHA4H 1200 5 A 16 H 10.67 983 FELH
2 189 3080 & 4H8H S5HS8H 8.50 5 H18H 550 kAR
3 13.0 3075 B& 3H4H 4F17H 11.67 5A19H 750 CRAEFEH
4 154 3085 & AH10H 4HBH 767 5H2H CAVEREE 727
5 16.4 3100 F5% 3H25H 4H23H 12.17 5H2H 7.83 4R
6 135 3155 B 4H8H 5H4H 1033 5H19H 9.83 FHIEFH
7 121 3135 & AH9H 5H6H 9.00 5K 26 H 8.00 ARk
8 140 3130 f& 3H2H 4H24H 8.00 4 A28 H 750 Arohex
9 78 3130 5 4H7H S5ASH 12.67 5H26H 733 HJH
10 200 3130 FiEE 4H8H 4H30H 9.33 5H 18 H 8.50 &
11 148 3140 [5% 4H9H SH4H 11.00 5H21 H 750 HIR
12 180 3135  B& AH8H 5H6H 12.00 5 521 H 9.50  EJH
13 60 3125 & AH9H SH6H 9.83 5H20 H 567  AHHK
14 174 3240 B 4H9H SHS8H 1133 5H19H 9.50 369 EHJH
15 izg 3280 & AH10H 5SARH 8.17 sH4H 433 Bk
16 80 3325 & SH6H S5H®H 6.17 6 520 H 567 B
17 75 3420 & 0 0 0.00 5H27H 4.67  BAE
18 77 3601 [ SHBH 6HS8H 7.67 6 H 12 H 7.33 el
19 HRe 3600 5 5H19H 6H2H 850 6 H10H 8.67 &
20 EE 3593 5 SHISH S5SH30H 783 6H4H 6.67 PEl
21 HEEE 3627 5 SHI0H 6HSH 6.83 6 H 12 H 8.33 PEl
22 JEEm 3650 5 SHOH 6H3H 717 6 A 18 H 5.83 PEl
23 10.5 3677 % SH2H 6HI13H 1033 6 A 14 H 7.67 S
24 HEe 3700 5 SH2H 6HISH 0.83 6 H18 H 6.17 EFAy
25 HE 3860 & SH2SH 6HI1TH 8.00 6 H28H 6.17 EFAy
26 HEe 3835 G SH2SH 6HI14H 8.83 6 H24H 8.17 EFAy

BEPHFR A TE ABARAL NI LHEFE HEBEE PN 2 2T L E R

i3 0 T2RE R RS LTS HHRT —‘Fﬁ‘ A }"a‘%?vkél:}ﬁéf}?zﬁﬁ & e &

WEE T R S L e S HeR TRl e 9 A9 b i b Fisher ¥

(1996) #= 3 Easter Lily (Lilium longiflorum Thumb.) 28 & @ 2
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200m - 3000m  3500m
&8 B R Pieris taiwanensis Hayata © © =]
HPTFERE Gentiana flavomaculata Hayata © © =
EEE Viola formosana Hayata var. formosana © © e
EUHES Rhododendron pseudochrysanthum Hayata © © © © =]
EVETHR Helonias umbellata (Baker) N. Tanaka © © 4T
ELlE R E Mazus alpinus Masamune © © © =
SRR Symplocos formosana Brand var. formosana © =]
HFHKEE Fragaria hayatae Makino © © =]
SIS EET Ribes formosanum Hayata © © 4k
AHEERRE Rhododendron noriakianum T. Suzuki © © 4
LLEMFE Rhododendron rubropilosum Hayata var. rubropilosum © © © 4T
BETESHRAE Moneses uniflora (L.) A. Gray © =
KRESEFIIRIEE Chrysosplenium hebetatum Ohwi © © 4%
ﬁﬁ%m@’ﬁg% Oxalis acetocella L. subsp. taemoni (Yamamoto) S. F. Huang &T. C. Huang @ @ E{
EE s Trochodendron aralioides Siebold & Zucc. © 45
FHELFERE Gentiana itzershanensis T. S. Liu & Chiu C. Kuo © © © =
[ B2 LLIHEHE Gentiana arisanensis Hayata © © © 3
Pl ISER Potentilla matsumurae Th. Wolf. var. pilosa Koidz. © © © =5
EREER Viola biflora L. ) o =
B RS Anemone stolonifera Maxim. © =
SEAATEHK Sorbus randaiensis (Hayata) Koidz. © © =
ENIIpEC Leontopodium microphyllum Hayata © © © 2
ElEE Primula miyabeana T. 1t6 & Kawakami © © 4T
=¥ ] Spiraea formosana Hayata © © =
FFHE Potentilla tugitakensis Masamune © © =
J EEREL Lonicera kawakamii (Hayata) Masamune © © =
= LLE Rosa transmorrisonensis Hayata © =]
Eil/\EE Berberis morrisonensis Hayata © © © &=
FLLIEERE Pyrola morrisonensis (Hayata) Hayata © H
T Barbarea taiwaniana Ohwi © © &=
FlER, Rosa sericea Lindl. var. morrisonensis (Hayata) Masamune © © © =]
SEEE Lilium formosanum Wallace © © © © =i
Elig45bk Hypericum nagasawae Hayata © © ®) ) =
T KEY Veronica oligosperma Hayata © © =
FFHAL R Orchis kiraishiensis Hayata © © 4T
HHKEER Geranium hayatanum Ohwi © 6) © 4T
EllghE Codonopsis kawakamii Hayata © © 4%
Eilibs Adenophora morrisonensis Hayata subsp. morrisonensis © © © %
FE S Pedicularis verticillata L. © 3
[EaNsilesEa=N Euphrasia nankotaizanensis Yamamoto © © B
RS Pedicularis ikomai Sasaki © 3
R Aster takasagomontanus Sasaki © © =]
b ?3:&3%18{5 Lmaor;%sgrr;ensm Hayata subsp. uehatae o) o) 5
T E Sedum morrisonense Hayata © © © B
FLeE Erigeron morrisnoensis Hayata var. morrisnoensis © © =]
Wi Adenophora triphylla (Thunb.) A. DC. © © o
Solidago virgaurea L. var. leiocarpa (Benth.) A. Gray © B
Swertia macrosperma (C. B. Clarke) C. B. Clarke © © =
Aconitum fukutomei Hayata var. fukutomei © © © =
Veratrum shuehshanarum S. S. Ying © © © &%
Senecio nemorensis L. var. dentatus (Kitamura) H. Koyama © © © © B
Scabiosa lacerifolia Hayata © © =
Artemisia tsugitakaensis (Kitamura) Ling & Y. R. Ling © © &%
Parasencio hwangshanica (Ling) C. | Peng & S. W. Chung © B
sl = Aster lasioclada Hayata © © © =]
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