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ESBIRRIRE T IDEBE T A BARM T BRI 7732 » AT PR E AN [R]RE FT B 22 5]
THERRRE A B E E RIS AT - A SR EARGRBRE LA ot & 2 R A A e R &
HR U i R pAC AR Bnh g L JET 38 R B P i 2l » AT — DU I B ERRE R AERHE AR » PR ATk AR b
Z TR - B REZRAK TR E 2l k%111 (2009 B 2013 4F) Landsat 5215 » FIRRES
T B BEEHE ) W75 RE QU BT » IR 7 I 1 3t 7 2558 2 16 T » PRI A Re ML 22 2 T a4
1 (normalized difference soil index) ~ #ifi 4= 515 (normalized difference vegetation index) k& 7K {515
(normalized difference water index) % 3 fd VA% S HHERENUAH & EE > JEH TR HE1F (disturbance
index, DI) ° fF7EHi REUR » AIFFEFTERE .2 DI Al A B EIIR R SZ TR » SB—J71 » KK
INAIER B R E RIS TR 2 Bl T2 -

Abstract

The detection of forest disturbance is important in research under global climate anomaly. It is also



2 X85 T HEE PR AR PR 1R L ()

useful for identifying spatial and temporal trends in forest management. Our goal here was to create a
remote-sensing-based index in order to assess forest disturbances in medium altitude experimental station
of Endemic Species Research Institute and surroundings with in Tengjhih area. First, we applied Lands at
images before and after natural disaster (2009 and 2013) with a hybrid classification and change analysis
to understand land-cover changes within the study area. Second, the disturbance index (DI) was tested,
which was a novel combination of the three spectral reflectance indices, normalized difference soil index,
vegetation index and water index. Results revealed that the DI not only can efficiently detect forest
disturbances but also provide an important tool for monitoring the success and failure of conservation
efforts in the future.

BRGEAR  THERLIEEE - THhAEEEE i iiGABRY, - RIRIEEH ~ DL S R

Key words: disturbance index, land-cover changes, medium altitude experimental station, natural disaster,
spectral reflectance indices
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al.(2005) & £ t FH 7 e 80 AR PR Ay 1 48 5 45 1
(disturbance index, DI)> &% A5, I F AR e 64
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Cicone 1984)/i1 LAHEE S FIVEAE » W&
AR FRAE 5 Y DI A 10 o 12 i e
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FHHERS < i) SR T B AR (Kuemmeerle et al.
2007; Masek et al. 2008; Hilker et al. 2009;
Sieber et al. 2013) © HIf/® TCT {R:Z S En R EL
I Landsat G B GUE TR R IEHE » FEAE
HAREEEYEAE (R~ B ek
fH) > JRIM - GREGE 2 SZIRIARFE R Landsat 5
S §EA50 kR TCT Fb > Hdlk R R (spectral
reflectance index, SRI)fR#E H1H) G aE N N
JiE 7%= B A 15 & (Tucker and Sellers 1986:
McFeeters 1996) » Bl TCT [A] J@ ¥4 5+ 9 -
PR I F g i B ISV LT AR R A S —
FiE M Em g
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PIHERE T » ARMREREERE A T 8 K - Sl
E&Ff > TCT (AR T 1B 2 iRk > AHHF 5%
R T GBS R SR B A
1557 FEELSEE /ATy - i & SRI A7 Bl
PR 2 DI(E 1) » SR A 52 18
(IREEE > HARHZEhS SR Re P2 558 25 AT HE e R A B
% HHRAIER 2 2% -

Landsat imagery

v

Pre- processing

v A4

SRI calculation

v v

DI mapping

Classification

Forest mask

I—* Forest disturbance J

B 1. WFSRiiALE - SRI=JEEE S HEE (spectral
reflectance index) » DI=T#8& {51 (disturbance
index) °

Fig. 1. Work flow of this study (SRI=spectral
reflectance index and DI=disturbance index).
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Fig. 2.Location of study area.
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5% 1. 2009 Bd 2013 4 + 3 7E 2 lE 2 WERE R MY

Table 1. Accuracy assessment for the land cover maps from 2009 and 2013

Reference data

Forest Non-forest Totals UA
Classified data for 2009
Forest 288 15 303 95.05
Non- forest 1 86 97 88.66
Totals 299 101 400
PA 96.32 85.15
OA 93.50
Kappa statistic 0.83
Classified data for 2013
Forest 216 19 235 91.91
Non- forest 14 151 165 91.52
Totals 230 170 400
PA 93.91 88.82
OA 91.75
Kappa statistic 0.83

PA=producer’s accuracy (%);UA = user’s accuracy (%); OA=overall accuracy (%)

3. LA ZEE » (a)F 2009 4 € (b) £ 2013 4 o
Fig. 3.Land-cover maps in (a) 2009 and (b) 2013.



EEEYIZ B ERTSE(TW J. of Biodivers.) 17(1): 1-13, 2015

K 2. WFFEIEARMELIERR I 2 T fERE

Table 2. Areas of forest and non-forest typesin this study site

2009 2013
Classified class - ]

Area (ha) Proportion (%) Area (ha) Proportion (%)
Forest 10,954.62 92.58 9,617.76 81.25
Non-forest 882.09 7.45 2,218.95 18.75

T BT B

B ER SRI Bl TCT HU/S DI 2 2
B KFFERA 2009 4.2 Landsat 5 TM &
% > % HLIWE T EEH DI > Hf TCT 2
A~ fEHEEKEEEAE - J92 % Crist and
Cicone (1984)F$¢{ftf") Landsat TM % E% 1%
O AR AT 15 > 55 {608 W A A SR 37 A SR [
() LR B 1 b > S 50 R o DU AL 77 S (5
W R Z BT E N 0-1 Z A (B ke i

2013) - 400E 4 Fi » DI /N E KPRk B2
RLERMTE R - KEEKE - & 0 Ml
JEAH AN % B AT B Hi 0 & DI 29 16 (L
)% BB IE M H B H R & (& 3a) »
53 F1) 3 BB T 28T 1,000 R B2 B - FA WA
T R (5 P 2R AU T 8 - 3 A AR A B SE X (]
5)° W& .Z R*3E 0.85 J& =i fH B - Bk mT
A1 FER] SRI B TCT AT HL.2 DI B FHE
IR o

& 4. 2009 F Landsat 5 TM 2 {RATAELZ TR (GOTIERMEL /12 0~1) » () HIDERE S i

Bl (b) FH AR MR B U

Fig. 4. Disturbance indices of normalized as 0-1 for 2009 Landsat 5 TM image according to (a) spectral

reflectance index and (b) Tasseled Cap transformation.
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0.20 0.25 0.30

SRI-based DI

B 5. DRk S S F iR B AR R A P B A5 WA T B P H R AR AH BRI -

Fig. 5. Relationship between the spectral reflectance index-based and Tasseled Cap transformation-based

disturbance indices.

£ ¥} 2009 £ 2013 - 7 bhK 55 4E s
(g &G (& > AH WA R SRI BT L2
DI > f& S 40l&E 6 Fror - HE s 58 8
& o REIFZIEAIR 2009 £ 2013 E [ #& AL
Z RN T8 - s E R

MR R LA B (02 1 A6 LB - )
F Jenks H 2K [RIEI % - 1 38 = B &1 7 g
H (L)~ RegE @)~ PR (E ) ~ R
i (e Ak ) BRLES o (PR A% ()% 5 REARMZ T
B

6. ARPRORSCEFEIE N 2009 B 2013 4 2 TR EHE AR (H1OEAKE SR E AR & YIS R -

Fig. 6. Two-date spectral reflectance index-based disturbance index subtractions for 2009 and 2013

showing “stable forest” area.
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DR BTG &S 5 £ Zone 2
Fats > RS TG A dog » %#EHR
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PRI 3 LIS 2 (8 7d ~ e B2 f) » ST
HEE 50% > 57 1 1A R B BEAS 00 [ B
Zone 15831 °

B 7. WH7ElEA 5 TS Z A E 7 () %O ~ (b)F Zone 1~ (¢)f% Zone 2~ (d)F% Zone 3~

(e)f% Zone 4 Ei(f)F5 Zone 5 °

Fig. 7. Proportions of five disturbance levels within study site: (a) core zone, (b) Zone 1,(c) Zone 2, (d)

Zone 3, (e) Zone 4 and (f) Zone 5.
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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.

BREEAA - SafiR(L ~ WPIEEAEE ~ BIALH ~ W)l ~ 22

Key words: climate warming, herbarium, flowering date, phenology, Taiwan
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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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Symbiotic relationship between Miscanthus sinensis var.
glaber and AM fungi in Dayukeng fumarole area in Tatun
volcano group
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Abstract

Dayukeng fumarole area of Tatun volcano group is able to preserve unique soil environment due to
year-round influence from post-volcanism phenomena, and only a few extreme acid-tolerable plant

species such as Miscanthus sinensis var. glaber can exist in this area. By means of bait culture in bare soil
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and VA fungi inoculation experiment with M. sinensis var. glaber and Gordonia axillaris, we found that
AM fungi improves the nutrient availability of M. sinensis var. glaber in Yangming mountain peculiar soil,
and verified that the existence of M. sinensis var. glaber is contributive to population establishment of

AM fungi, which further helps successive plants to establish.
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Fig. 1. Growth comparison of Miscanthus
sinensis var. glaber in soil collected at 20 m
(right) and 50 m (left) from Dayukeng fumarole
after one month.
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Fig. 2. Growth comparison of Miscanthus
sinensis var. glaber in soil collected at 20 m
(right) and 50 m (left) from Dayukeng fumarole
after two months.
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Fig. 3. Miscanthus sinensis var. glaber inoculated
with  Entrophospora columbiana after three
months can form mycorrhiza and vesicles in
clusters.
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Fig. 4. Miscanthus sinensis var. glaber
inoculated with Glomus clarum after three
months can form mycorrhiza, and the intraradical
hyphae often grew in parallel and connected to
each other.
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Fig. 5. Germination rate of Nanhen (left) and Dayukeng (right) strain of Miscanthus sinensis var. glaber

in the soil collected from Dayukeng.

T VYA A [R] R 3 2 5 ¢ 2 U 25 e A 10
A H % » AEBEFEES R - 2 BIARE 5 - fH
R Z e R SE LA ] » KU i e B
FEE. columbiana SUENEG clarum {EREMK S
BUAEPRBE R A R A2 5 » (HIR By TR i

HECRERNkMEEEO T CHEEE
columbianaX G clarum 5 218 EHIHI A R 722
F o TR 1 1 O A T Bl e e e i
WEEME. columbiana G clarum=5 2T iR B
FERR = B PR B Rty AR = R (3R) -

R 1 AT PR IERIT 100 m i 4 FEANE SRR E PR R 10 {18 H 1% Aebk e A2 Bl

BEE LR

Table 1. Miscanthus sinensis var. glaber height and leaf width after 10 months with different AM fungi

inoculate process in soil collected at 100 m from Dayukeng fumarole

Height of plant Width of leaf

(cm) (cm)
Dayukeng M.sinensis var. glaber no inoculated 16.6+0.6" 0.28+0.02"
Dayukeng M.sinensis var. glaber inoculated with G clarum 28.7+0.8 0.49+0.03
Dayukeng M.sinensis var. glaber inoculated with E. columbiana 27.3+0.7° 0.51+0.02°
Nanhen M.sinensis var. glaber inoculate with E. columbiana and ) )
18.3+0.3 0.29+0.02

G. clarum

25 The measurements were significantly different (ANOVA, P<0.05) in the numbers with superscript a

and b.
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Table 2. Miscanthus sinensis var. glaber nutrient composition analysis after 10 months with different AM

fungi inoculate process in soil collected at 100 m from Dayukeng fumarole

N(mg/g) Mg(mg/g) K(mg/g) P(mg/g) Ca(mg/g) Al(mg/g)

Dayukeng M.sinensis var.

2.71£0.03°  2.67+0.03 7.04+0.19° 0.34+0.02° 7.26£0.13° 0.1£0.02°
glaber no inoculated
Dayukeng M.sinensis var.
glaber inoculated with E. 2.97+0.26% 2.91+0.03% 8.22+0.07° 0.85+0.02° 10.75£0.17° 0.12+0.02°
columbiana
Dayukeng M.sinensis var.
glaber inoculated with G 2.89+0.47° 2.95+0.01%° 8.84+0.14° 0.64+0.05° 14.34+0.18% 0.16+0.02°
clarum
Nanhen M.sinensis var.
glaber inoculate with E. 2.79+0.03° 2.87+0.04* 8.48+0.07° 0.38+0.05° 12.78+0.17" 0.2+0.02

columbiana and G clarum

ab.¢.d: The measurements were significantly different (ANOVA, P< 0.05) in the numbers with superscript a, b, ¢ and d.
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Fig. 6. Gordonia axillaris inoculate with AM fungi in different process after seven months in soil

collected at 20 m from Dayukeng fumarole. a: inoculate with E. columbiana 150 spores; b: no inoculate; c:

plant with Miscanthus sinensis var. glaber which synthesize mycorrhiza with E. Columbiana
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Table 3. Gordonia axillaris inoculated with AM fungi in different process after 10 months in soil

collected at 120 m and 20 m from Dayukeng fumarole

Plant height (cm) Plant dry weight (g)

not inoculated 11.6+0.7° 1.31+£0.32%
Inoculated with E. columbiana 150 spores 15.2+0.9° 2.38+0.19°
Soil collected at 120 m from
Plant with Miscanthus sinensis var. glaber
Dayukeng fumarole
which synthesized mycorrhiza with E. 14.8+0.8° 2.41+0.29°
columbiana
not inoculated dead dead
. Inoculated with E. columbiana 150 spores dead dead
Soil collected at 20 m from
Dayukeng fumarole Plant with Miscanthus sinensis var. glaber
which synthesized mycorrhiza with E. 9.8+0.7° 0.82+0.1°

columbiana

ab.¢: The measurements were significantly different (ANOVA, P<0.05) in the numbers with superscript a, b and c.
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Bark-stripping behavior of Formosan sambar (Rusa unicolor
swinhoii) caught on camera and its implications
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Abstract

Bark stripping behavior in two adult male Formosan sambar (Rusa unicolor swinhoii) was
photographed in a Taiwan red cypress (Chamaecyparis formosensis) plantation in Yushan National Park
for the first time in Taiwan on April 1, 2014. Both males expressed behaviors of sniffing, licking and
bark-stripping on the same Taiwan red cypress. These behaviors imply that 1) exudates and secondary
metabolites of the bark probably are one of the key reasons that attract the Formosan sambar to debark
coniferous trees and 2) damage from bark-stripping may increase at an accelerated rate. Long-term
monitoring of bark-stripping behavior using camera is suggested to test the above interpretations and

reveal why the Formosan sambar strips barks.
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Bark-Stripping Behavior of Formosan Sambar
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Introduction

Ungulates’ impact on forest ecosystems
include browsing, bark stripping and fraying on
plants. Among these behaviors, bark-stripping
damages and kills trees more than the other two,
causing an increase of forest gaps (Akashi and
Nakashizuka 1999) and decline of overstory
(Yokoyama et al. 2001). In recent years, the
Formosan sambar (Rusa unicolor swinhoii) in
Taiwan significantly increased in abundance (Lee
and Lin 2007; Weng and Lin 2009). Signs of
bark stripping are also widely distributed in Yuli
Wildlife Refuge and Yushan National Park (Lee
et al. 2007; Weng and Lin 2009, 2010).
Preference for specific coniferous tree species by
the Formosan sambar, which could potentially

%5 HHER : 2014 £ 07 A 20 H

Accepted: July 20, 2014

alter the canopy species composition at high
altitude, was also observed (Weng and Lin 2009,
2010, 2011). On the other hand, bark stripping
can potentially cause economic loss in coniferous
tree plantations. For example, along the Nanshi
forest road in Yushan National Park, signs of
bark-stripping began to appear in 2012-2013 in
Taiwan red cypress (Chamaecyparis formosensis)
plantations, raising concerns for management
agencies (Chiayi Forest District Office, Forest
Bureau, personal communication).

While previous research has tried to
understand why deer strip barks from various
aspects, such as chemical contents or nutrition
(e.g. Ando et al. 2003, 2004), food availability
(e.g. Ueda et al. 2002), and population
abundance (Akashi and Tarazawa 2005), direct
observation and description of bark-stripping
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behavior is scarce. Direct observations of
bark-stripping behavior are difficult but may
reveal attributes of individuals performing such
behavior and provide insight into how and why
the deer uses barks. In this research we aimed to
observe bark-stripping behavior in the Formosan
sambar. We set up 14 cameras (Reconyx HC500
x 9, Reconyx PC800 x 1 and Bushnell Trophy
Cam x 4) in December 2013 and tagged 1,000
Taiwan red cypresses in five Taiwan red cypress
plantations along Nanshi forest road between
1,900m and 2,250m in altitude (Fig. 1). Each
plantation had one camera and other cameras
were distributed along the forest road. Cameras
were set to take three consecutive photos with a
three-second interval once an animal was
detected. Photos were retrieved every month
starting February 2014.

Fig. 1. Study sites within Taiwan red cypress
plantations (open circles) and camera locations
(solid circles) along Nanshi forest road in Yushan
National Park. Each plantation has one camera.

Bark stripping behavior of
Formosan sambar

On April 1%, 2014, an adult male sambar
was caught on camera stripping off bark from a
Taiwan red cypress, the first time such behavior
was photographed in Taiwan. This adult male
with two-point antlers covered by velvet skin,
showed up at 00:39:44 AM on April 1, 2014,
sniffing at the base of a Taiwan red cypress next
to the target tree (Fig. 2a). The male then walked
to the target tree and sniffed at the base of the
target tree until 00:41:04 AM when it started to
rip off bark (Fig. 2b). The male kept alternately
sniffing and stripping barks of the tree until
01:02:21 AM. The next photo was taken at
01:22:44 AM when the male was holding a strip
of bark in its mouth and the tree showed clear
signs of damage (Fig. 2c). We believe that time
gaps longer than three seconds between any two
consecutive photos are due to the individual’s
standing still and moving only its head since no
other movements were photographed and the
individual was in almost the exact same posture
in each photo. The male left at 01:43:37 AM
after staying roughly 70 minutes.

Another adult male, also with two-point
although much shorter antlers covered by velvet
skin, appeared at the same site at 01:50:50 PM
on the same day, sniffing at the bare area of the
trunk (Fig. 3a). At 01:53:22 PM and 02:03:57
PM the male was caught licking the exposed
xylem (Fig. 3b). Between the two lickings at
01:58:26 PM the male was caught holding a strip
of bark in its mouth (Fig. 3c). The male was
sniffing, licking exposed xylem, and stripping
barks for 35 minutes before it left at 02:25:47
PM.
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Fig. 2. Behavior of an adult male Formosan sambar
in a Taiwan red cypress plantation on Nanshi forest
road caught on camera during the early hours of
April 1, 2014.a) Sniffing at the base of a Taiwan red
cypress. b) Stripping off bark from a Taiwan red
cypress. ¢) Holding a strip of bark in its mouth.

Bark-Stripping Behavior of Formosan Sambar

Fig. 3. Behavior of an adult male Formosan
sambar in a Taiwan red cypress plantation on
Nanshi forest road caught on camera in the
afternoon of April 1, 2014. a) Sniffing at the
exposed xylem of a Taiwan red cypress. b)
Licking the exposed xylem (Arrow indicates the
tongue). ¢) Holding a strip of bark in its mouth
(Arrow indicates the bark strip).
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Discussion

The behaviors shown by the Formosan
sambar in the photos revealed some interesting
points about possible explanations for
bark-stripping behavior. First, both males sniffed
at the Taiwan red cypress frequently even before
the bark was stripped, indicating that some
smells were attracting their attention to the bark.
The smells may originate from the tree itself or
have extrinsic sources such as urine or scent of
animals. Considering the wide distribution and
high density of debarking signs by sambar on
Taiwan red cypress (266 out of the 1,000 tagged
trees) and other tree species, it is less likely that
the smells are from scent marking behavior of
animals. Although the sambar also performs
marking behavior on tree trunks, it usually
urinates on its suborbital glands to wash
pheromone-containing secretions into water or
mud where it soaks its body before scrubbing
against tree trunks. Such a marking behavior
leaves mud and scrub signs on tree trunks, which
is rare during this time of year when males are
growing antlers. We did not find such scrub signs
on the target tree and other Taiwan red cypress in
our five plantations. We therefore suspect that the
smells originate from the tree itself.

The Formosan sambar debarks more than
150 tree species, including coniferous and
broad-leaved trees (Lin, personal
communication), and it prefers certain specific
coniferous trees (Weng et al. 2009, 2010, 2011).

Ando et al. (2004) also observed preference for

coniferous trees by the sika deer in Japan.
Preference on tree species could relate to how
easy the bark can be stripped, but Ando et al.
(2004) found that bark physical properties barely
explained preference for three coniferous trees
by the sika deer (Cervus nippon).We found that
bark thickness marginally correlate with the
preference by the Formosan sambar (Weng,
unpublished data). We thus suspect that the
sambar debarks for something in the bark.
Although previous research investigated contents
of the bark such as nutrition and minerals in
relation to the bark-stripping preference by deer
(e.9. Ando et al. 2003, 2004), exudates of the
bark and secondary metabolites therein were
largely unexplored. Trees, especially conifers,
contain oleoresins that has aromas and occur in
resin ducts or blisters in the bark (Hillis 1987).
The oleoresin or other exudates with secondary
metabolites could be ones the Formosan sambar
is looking for, or the smells may link to other
materials that the Formosan sambar really needs.

Besides bark stripping, the behavior of
licking exposed xylem of the trunk was apparent,
especially with the second male. This behavior
has not been described for any deer species in the
literature, possibly due to the difficulty of direct
observations of bark stripping behavior. The
Formosan sambar will definitely ingest the
exudates of coniferous trees by licking the xylem.
Therefore, the Formosan sambar ingests both
barks and exudates by performing the behavior.
While several hypotheses regarding
bark-stripping behavior of deer are to be tested

with the Formosan sambar, our observations
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provide another possibility for future research
that secondary metabolites in exudates of the
bark are a potential explanation for why the
Formosan sambar, and possibly other deer
species also, strip and consume barks.

Second, as pertains to the smells from
exudates of coniferous trees, debarked coniferous
trees would be more attractive to the Formosan
sambar than untouched trees, making an already
damaged tree prone to further debarking. In other
words, the level of damage by the Formosan
sambar may increase at an accelerated instead of
steady rate. The significance of such a pattern to
wildlife management agencies is that the control
of bark-stripping at a local scale would be more
efficient in the initial rather than a later stage.

Further researches are necessary to test the
interpretations above. Images of bark-stripping
behavior by the Formosan sambar provided new
insight into the mechanism and consequence of
this behavior. This research thus suggests
long-term  monitoring on  bark-stripping
behavior by the Formosan sambar and other
deer species, as well as using cameras to
investigate this behavior and provide suggestions
for management policies.

Literature cited

Akashi, N. and T. Nakashizuka. 1999. Effects
of bark-stripping by sika deer (Cervus
nippon) on population dynamics of a
mixed forest in Japan. Forest Ecology and
Management 113: 75-82.

Akashi, N. and K. Tarazawa. 2005. Bark

Bark-Stripping Behavior of Formosan Sambar

stripping damage to conifer plantations in
relationto the abundance of sika deer in
Hokkaido, Japan. Forest Ecology and
Management 208:77-83.

Ando, M., H. O.Yokota and E. I. Shibata.
2003. Bark stripping preference of sika
deer, Cervus nippon, in terms of bark
chemical contents. Forest Ecology and
Management 177:323-331.

----. 2004. Why do sika deer, Cervus nippon,
debark trees in summer on Mt. Ohdaigahara,
central Japan? Mammal Study 29: 73-83.

Hillis, W. E. 1987. Heartwood and tree exudates.
Springer-Verlag, New York.

Lee, L.-L. and C.-Y. Lin. 2007.Monitoring of
large mammals and populations of
Formosan sambar deer along the 2™ section
of southern central ridge trail in Yushan
National Park. Yushan National Park
Headquarters, Construction and Planning
Agency, Ministry of the Interior, Executive
Yuen, Taiwan. (in Chinese)

Ueda, H., S. Takatsuki and Y. Takahashi. 2002.
Bark stripping of hinoki cypress by sika
deer in relation to snow cover and food
availability on Mt Takahara, central
Japan. Ecological Research 17: 545-551.

Weng, G.-J. and C.-Y. Lin. 2009. Monitoring of
large mammals in Singkang mountain and
the 2™ section of southern central ridge trail
in Yushan National Park. Yushan National
Park Headquarters, Construction and
Planning Agency, Ministry of the Interior,
Executive Yuen, Taiwan. (in Chinese)

----. 2010. Monitoring of large mammals and



EIEEYIZ B ERTSE(TW J. of Biodivers.) 17 (1): 41-47, 2015

study of population ecology of sambar deer
in the area of Sinkang Mountain in the
Yusahn National Park. Yushan National
Park Headquarters, Construction and
Planning Agency, Ministry of the Interior,
Executive Yuen, Taiwan. (in Chinese)

. 2011. Surveying of the effect of sambar on

the recruitment and structure of forests in
the areas of Jyunda and Guangao in the
Yushan National Park. Yushan WNational

47

Park Headquarters, Construction and
Planning Agency, Ministry of the Interior,
Executive Yuen, Taiwan. (in Chinese)

Yokoyama, S., I. Maeji, T. Ueda, M. Ando and E.

Shibata. 2001. Impact of bark stripping by
sika deer, Cervus nippon, on subalpine
coniferous forests in central Japan. Forest
Ecology and Management 140:93-99.






EIEEYIZ B ERTSE(TW J. of Biodivers.) 17 (1): 49-57, 2015 49
:?; Aenfgip S Fo TR (L P taEAET R LA r_&%)
I.Ji %é "’)’ z—v é‘_}_

Two new records of Parasesarma De Man, 1895 and
Ptychognathus Stimpson, 1858 (Decapoda: Brachyura:
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J# KT8 Parasesarma kuekenthali (De Man, 1902)81%: B4 r58% Prychognathus insolitus
Osawa and Ng, 2006 1F 82 (%30 ki B XA« FI e ny /5 BB 47 B (Halmaheira) B2 H A5 K
(Ryukyu) » frlt thE Sl S8R o ST H Al RT%E*H?%%EE’JE‘#E% QUBSSEESiIE L il
B A5 o ANSCHIGE MR RER TERE LU A= RO 22 » L& pRAa e B Rs callet o

Abstract

Parasesarma kuekenthali (De Man, 1902) and Ptychognathus insolitus Osawa and Ng 2006 are
previously only known from type-locality in Halmaheira, Indonesia, and Ryukyu, Japan, but are recently



50 S TR ROk

found in Tainan, Taiwan. Taiwan thus becomes the northernmost known locality of Pa. kuekenthali and
southernmost known locality of Pt. insolitus. Morphological and ecological notes of the two species are

described, and line drawings and color photographs are provided in this paper.

BRGREA © BRCHE  BEAHTAE - BT - a5

Key words: new records, Parasesarma, Ptychognathus, Taiwan
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Y
5t tH F %8 |8 (Parasesarma) 7& 1 F B £}
(Sesarmidae) #2514 iz e g — (B RERE - B & 3T

% P BB PR R AR o T E R e et A
FFZ R R - HAl R iR CadEk 35
{[E#f#%H (Rahayu and Ng 2005, 2009, 2010; Ng et
al. 2008; Davie and Pabriks 2010; Koller et al.
2010; Naderloo and Schubart 2010; Rahayu and
Li 2013) L@@ AH TR HE LR %
W RERE - AT LS WY R AE A DUTE R 3R N
(Rahayu and Ng 2005, 2010; Rahayu and Li
2013) o Z{EEEHTFEE{E 2001 - HH Ng et al.
Y VYFE : Pa. acis Davie, 1993~ Pa. pictum (De
Haan 1835) ~ Pa. plicatum (De Haan 1837) [ =Pa.
affine (De Haan 1837)] ~ Pa. tripectinis (Shen
1940) - HHH) Pa. acis EH Rahayu and Ng
(2005)FETE S Pa. tripectinis WIEY)FEY o i
EF] 2010 44 H Koller er al #3K55 4 1 : Pa.
liho Koller, Liu and Cuesta 2010 A4} » Z=Ei LS
(2013) FF 91l Hi 4 MERPAARYMEAE » H ey

BEszHH] : 2014 £ 12 A 26 H

Accepted: December 26, 2014

[ Parasesarma sp.1] E#%ai %55 Pa. cognatum
Rahayu and Li 2013 (Rahayu and Li 2013) ; H—.

[ Parasesarma cf. kuekenthali ] HIFSEHASCIE
NIEFRES Pa. kuekenthali (De Man 1902) °

B % SR (Varunidae) fE R0 A B EAE12
SRR 1 e BT » Horb i 5888 & (Prychognathus)
BN Z0E - 2R EH 25 (HiEHE
W% (Ng et al. 2008; Ng 2010) » 1£ H AHiEK
EESI 4 FEARGHIA R (5 AREL AL
2003) ° Ng et al. (2001)iC S EH T8 B A
A Fd : Pt. barbatus (A. Milne Edwards 1873) ~ Pr.
hachijyoensis Sakai 1955 ~ Pt. ishii Sakai 1939 ~
Pt. takahasii Sakai 1939 » %55 HH 2= (2001)
¥ Pr. affinis De Man 1895 1% » S H1 Naruse et al.
(2005) i &k Pr. altimanus > & X P71 Pr.
insolitus Osawa and Ng 2006 —f& (3£ 1) -
AT ZAEAE RETIREE » W LA R &

JHIGERf FH & (CW, carapace width, BB /EA RS
2 R ERTE R 5 (CL, carapace length, BEfH
R R Rk e PR . Dimm S ER(L © A7
RAE BBV 1EE)6F (National Museum
of Marine Biology and Aquarium, NMMBA) °
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3 1. ZEEECERN Parasesarma Bl Ptychognathus T8H
Table 1. Species of genera Parasesarma and Ptychognathus from Taiwan

Species

First record

Pa. affine (= P, plicatum) 3T F54E
Pa. cognatum fH{IEEFH T4

Pa. kuekenthali J6E [CHEEAH T8

Pa. liho B IKEEHHTE

Pa. pictum SR T4

Pa. tripectinis (=P, acis) —Ai#EEHF4E
Pt. affinis TSR

Pt. altimanus 15 Z 508

Pt. barbatus #%EHT 5

Pt. hachijyoensis J\ L {505

Pt. insolitus YT EHEE

Pt. ishii TRATTSEEE

Pt. takahasii NGRS

BUsELT R 1923
Rahayu and Li 2013
present study
Koller et al. 2010
Balss 1922

Suzuki 1985
ZEEAE 2001
Naruse et al. 2005
BUKELL R 1923
Fukui et al. 1989
present study
Sakai 1939

Sakai 1939

Sesarmidae Dana, 1851 1 F&#}
Parasesarma De Man, 1895 #fHF%8
Parasesarma kuekenthali (De Man, 1902) J&
KEHETE (8 1A-D;: @ 2A, B: [ 3; [H 4A)
Sesarma (Parasesarma) calypso var. kiiekenthali

--De Man, 1902: 534; Tesch, 1917: 141 (list).
Parasesarma kuekenthali--Ng et al. 2008; 222
(list).
Parasesarma cf. kuekenthali--Z=B15[5, 2013: 80.

BHREX 583 1 127x10.3mm~
20.8x16.9mm > 2013/11/2(NMMBCD4011) » J#
OB %M 19 @ 16.2x126 » 2012/9/5
(NMMBCD4012) » [ BB & #8 - 3909 :

16.6x14.3mm~18.4x14.4mm ’ 2012/7/25
(NMMBCD3493) 5 44d: 15.1x11.7mm~
20.6x16.4mm : 1Q($E5N) : 13.9x10.8mm

2013/10/2(NMMBCD3998) » [/ B BRAE IR ] -

TroREHA - SR AT TE - AR RAY 1.3
fER(E 1A, C 5 & 3A) © BIHIGAENRE I8 2 1%
MERR - MRS — At - FRIRIATYT - ATER
& EWRIR > A RS - iR —FA
MR B 5 MSERR I & — MR FZEHE - H
EREEREWIE 5 BRI - U -
WL Oy FHESE 5 FFIEMIRE 5 S8l -
6 % 7 ERHAGRRL - ERAGFK - iR E
IRF LA 00 2 P B 2 (18] 2 © ZEA S AT % 2R
/N - TR AR THIE 5 IR RRD
A RIS - IR IR R 16
E 17 WEHETESRIMUIRZERARL - LEREF i i
()2 —RMUIRZEBUIRAR 5 ST EEARRIBE P 4 2
8 MU T AIRTIRZERERE K (& 3B, C) ° KMk AT E)

BHikH 9 MEIRPESIRIEIFZRERL (& 2A
3B)° FIEEATHA 10 % 12 M FIHR, NFE (&
3B) o M1 AT B FERE AT VKL o W TER AT
T T s BR IR © REAPIHIIGIRES IR » SR
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Ui 2 R — fIalg5e = A U 200 (i 2B) - 012
RENTL - BHRSIE » RS B — 300 (& 3D) »
FVUL R RENRIMBOCH - Br —$0 ERATE
T AR R 2 AR I 5RAI o MRl 4% B mir el ~
TRETE ~ R EABRIAITE < 55—~ —#
4 R R EEL TR AR A B IR A RIS - 75
FIEL A5 R OISR © MENE S —ACHEdsNg s

S TR ROk

R i £ ZEE R S T BT BEIR » R 10 947 » £
5 55 L (& 4A, B) o ALY Sl B ) B g
BUE B RIKE - A G CUR AR > /Ol
R 2R s B - SR BRERE P8 0 Il e
WIRE - B Tk R 0 - SEAR HE B (1 (I
1A-D) ° 7D Bl (0 S S i B g P B L BRE B
K o I RS GREL X th ([ 1C, D)

W& 1. Parasesarma kuekenthali 82 Ptychognathus insolitus R MR Fr e A% D, Pa. kuekenthali; E % H, Pt.
insolitus > A Bl B, —#%#8 i (NMMBCD3492) ; C fil D, #8580 (NMMBCD4012) © E B F, fff14 42
A (NMMBCD4376) 5 G, M1 (NMMBCD4377) 5 H, MMkl BN -

Fig. 1. Live colors of Parasesarma kuekenthali and Ptychognathus insolitus. A-D, Pa. kuekenthali
(NMMBCD3492); E-H, Pt. insolitus (NMMBCD4376). A and B, normal coloration; C and D, var.
coloration. E and F, male specimens; G, female (NMMBCD4377); H, in situ photographs, male.
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B 2. Parasesarma kuekenthali ¥ Ptychognathus insolitus T 'k 2 & S &8 - A B B, Pa.
kuekenthaliNMMBCD3492) ; C B D, Pr. insolitus 451112 & (NMMBCDA4376) © A, 45 I & 54+
{80 s B, ZefllZE R REAM 5 C, EHIHAN s D, EEAMHE -

Fig. 2. Parts of male chelipeds. A and B, Parasesarma kuekenthali (NMMBCD3492); C and D,
Ptychognathus insolitus, right palm (NMMBCDA4376). A, outer surface of right palm; B, inner surface of
merus of left palm; C, outer surface; D, inner surface.

C D

i

B 3. Parasesarma kuekenthali TEREFEL - A, SEMGH (1B ARRGHE) 5 B, AIEREEH% s C, GERE
Ei A& 5 D, HHE=2 - AR : 1mm o

Fig. 3. Parasesarma kuekenthali. A. carapace (setose not drawn); B, dorsal view of right palm; C, outer
surface of dorsal region of right palm; D, third right walking leg. Scale bars: Imm.
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W 4. Parasesarma kuekenthali ¥ Ptychognathus insolitus FEVE 7 (152 e as BE A bt A4 8 OK (W1 R i
%) o A, Pa. kuekenthali 5 B, Pt. insolitus ° FLHIR :© 1mm
Fig. 4. Left gonopods of Parasesarma kuekenthali and Ptychognathus insolitus (Setose not drawn). A, Pa.

kuekenthali; B, Pt. insolitus. Scale bars: Imm.

HRE © Parasesarma kuekenthali # 2 M
A 11 [ Ay v Y B A - I e - 5K
Ue A B A A i e A ESAR [t 5 S B it
—{ld#S o AFEF EL Neosarmatium indicum A.
Milne Edwards, 1868 ~ Sesarmops intermedius
De Haan, 1835 £ Pa. cognatum Rahayu and Li,
2013 I o AFEITEI A - RS D) - 1€
HREE Ry R - W agmaREn
VR o HUPPEYEE 2 B m S

AR IMEARE S8R AR A Ut
1 FE /Y W5 5 B #7 & (Halmaheira) (De Man,
1902) » =1 FLEE TR BB s fmdcsk > B
HI{EIRAP BRI RINE O ~ (R E i R 5%
A B - (£ FRD B AT Re A 70 A (RLAiaE) -

fiist  AFECREEGEREN Parasesarma
dumacense (Rathbun, 1914)fZREFAL » = FA1E
A 1 — ~ Pa. dumacense ¥ o A b BV 25 il £

% 45 & > Pa. kuekenthali £%5 55 & 5 — ~ Pa.
dumacense [ff] @%Mjbﬁmﬁﬁkﬁgﬁ_% 13 £
14 t8l 8 £ 10 BGLAK Bl Al Vi) » Pa.
kuekenthali 1% 16 % 17 #081 4 22 8 M s =~ Pa.
dumacense $fVEEIENI TR 2 BA AR RAS O H
O RS RE AR K il A R
BE# (Rahayu and Ng, 2010, p. 17, Fig. 12B)’ Pa.
kuekenthali W) %78 B i 28 ) Bk FH S (1 #0 [] 7E

fii (2012 : p. 88, 89)& ARV B ME KA 8%
Yt Pa. pictum (De Haan, 1835) » {HAR4EH &
MR > BZMEREA T RERS Pa. kuekenthali B Pa.

dumacense °

Varunidae H. Milne Edwards, 1853 5&&#%}
Ptychognathus Stimpson, 1858 $rSE% /8
Ptychognathus insolitus Osawa and Ng, 2006

B RIS (8 2E-H ; B 2c-D s @ 4B)



EIEEYIZ B ERTSE(TW J. of Biodivers.) 17 (1): 49-57, 2015 55

Ptychognathus cf. hachijyoensis-- & 37 5 A,
2001: 16, pl. 1, fig. 5.

Ptychognathus johannae--fH=HRELF 4, 2003:
274 (key), fig. 50.

Ptychognathus insolitus--Osawa and Ng, 2006:
57, fig. 1, 2, 3, 4A-D.

BHREEX 0 283 ¢ 85x62mm -
9.4x6.8mm : 19 : 82x5.9mm > 2013/7/15
(NMMBCD4376) ; 933 : 84x6.5mm~10.0x7.4mm ;
299 : 6.8x5.5mm ~ 8.3x6.3mm > 2013/7/13
(NMMBCD4377) 344 8.5x6.2mm~
9.1x6.4mm » 2014/8/20 (NMMBCDA4416) » [/ 5

FEREREE - BN T I - RIS R
14 {5 (8 1E) 5 R7F > Ot > BlEEY 7 IR
ANHHEE - {55 R H YRR 5 IR
SrEast - ATIIAS RS SCREHIINIE - BB — (i
PR RIS R 5 ATERRR T IE » thyuig - B
TEA KBS AN R > MR AR I A IR - L
JE 5 BEPERTEhRETE T - AR BB FE
A 220 (8 2C, D) A B 5 B AT BRI AR A A
BRI PIAREE 5 MEVEEE T S iRpY 22 A
/N > G g S T Rl B R A TRAAE (1
1G) » BHBIIEIENITE » - #ED EHiR -
R BEMRFER 15 2 17 5 P2
B (18] 1E) s RENELREEN T oL HEE - HER
FZHTEIEBAS T » LUSET MRS - 256
—EH =L R R R S AT - 25
& TR R L LURT ARG R © IEVEZS —Achean i
ATHEE » R A E 2 EE LM » RimeLs - B
BI04 T )5 45 (B 4B) o AR Bl
PR B (BWE)ER e T - BRI
(&l 1E-H) Gl HEVERE Gl e IR e o

4 RE : Osawa and Ng (2006) ZC &
Ptychognathus insolitus W B IR A2 130 1Y
HIR T > KFLTAR - PR E iR o @k
T E £ Pr. barbatus ° 218 H R ZE RS
BRI AR PRI AR R L BB Osawa
and Ng fiRREEIY) & o ANFE LUK N IS S £
F o EEth G ICHIK i > MEVE S E A K=
RS B o

A0 - BEECHEES H AER BR (Osawa and Ng,
2006) * {EELZ BT AL 35 K S gl #kod (7
BF5E N > 2001) © WAMERI SRR ZERELE
ki > o2 H a5t o

figsE :© Prychognathus insolitus 15 H A& 8
53 B RBP4 A (2001) ~ s AR B £, (2003)
SNE ST ALURE Pr. hachijyoensis B2 Pt. johannae
Rathbun, 1914 /£ Osawa and Ng (2006)f# 3t Eil
i Pt insolitus 1% » G 4G Pr. insolitus 1)
SR TR T - 0 R DG » o) Bl EL A AR [
Al o 1R45 Osawa and Ng FUfidt » Pr. insolitus
WA 1 2 R BT MR TR M ke B — 3R - (H
TEAFFeIR R AR A FR RS E © bR TR
SMETREERE B RRANSY » S AR AR EE Osawa
and Ng (IR & > D HEWAT B E o

# ok

BERFFFE AR SN B S B 3R T R A
IR 1102 F R T BIRARGEREE(—)
Pl 2 el B R MG ) B TER T R A
BRI ~ B 1R ) REEHEE) ~ 5L
VRECE A W 1P B A S Bk 2 e AR A
By SRR 1A B LA BT 2 37 K2 Peter K.
L. Ng &t B2 E R Dwi Listyo Rahayu f&
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- sl EOCRRAG o B L BT ERE. Parasesarma
kuekenthali BEA » FEHHL

71 SRR

RIS ~ HALERIF 2 2003 A 7 4 =R}
Grapsidae » PUHIRE ~ FEAE— #EMK
FE () > FRIRINE DFEKAY) » BIgAS
iR 2 o 272-282 H - (HX)

PR ~ BRAST © 2013 o S FERE o BISIIRE
VIR - 96 H o

PEEAE 0 2001 o S EERIEH - KL - 174
H o

FREFIE ~ KR ~ BF T A ~ REIZR3E ~ F
FHHR © 2001 ° R KE 9 SRLHS iz
YRR A7) A =30 12 Bl - FERC 2B 43(2):
15-22 H ° (HX)

BOSTER ~ TR - 1923 - S:i# % Rl KEE -
SEIEHRE I Hh B ST AT B2 R Al A =
9% 0 215 H » (HX)

81 - 2001 ° #5HH - AP ERE R A
VB RN RS PRR © 159 H ©

BEEE © 1989 o ELERN [y VR ~ JTERI K
I EERLZ BRI SE « BT 2 ERETE G
SERFFERT TR AR 0 127 H o
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EIER (Vaginularia trichoidea Fée s BEM—5RARIR) FRBAEVEREL (Pteridaceae) kit
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W TR EE BRI (CR)J » M1 THHBR 2 PR B HR i LUBE SR A K -

Abstract

Vaginularia trichoidea Fée, a member of subfam. Vittarioideae from fam. Pteridaceae, was first
discovered in Taiwan when Takeo Ito collected it in a mountainous area within Sandiman Township,
Pingtung County, in 1923. It had not been found ever since until our field surveys in recent years when
we rediscovered the species in Dulan Mountain of Taitung County. To contribute to the understanding of
this very rare species, this paper is thus a report of this rediscovery with the species’ taxonomic treatment,
descriptions of morphological characters, the present situations of habitat and local distribution range,
brief notes and related color photos. Meanwhile, according to the IUCN Red List Categories and Criteria,
V. trichoidea is reevaluated as a critically endangered species in Taiwan. Active conservation measures
are required to prevent it from regional extinction.

BRSEAA - R  RUEIREL ~ FREEER - 2R - BHEERR

Key words: fern, Pteridaceae, rediscovery, Taiwan, Vaginularia trichoidea
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FERE ~ BN K FR a4 B 5 BV nr i [t < 40
DIt st B my AR E - (RIS KE R
(Malesian element) IR E . Z— (Kuo 1985) e

BH\'

SIEEWR (Vaginularia trichoidea Fée ;s BEME
—RARIR) ARIBICEEIRE} (Pteridaceae) &
ek aa Rl (Vittarioideae) (Christenhusz et al.
2011; Lin et al 2013) > {% Antoine Laurent
Apollinaire Fée (1852) {<#& H. Cuming ¥R H JE
HRE B REBWEAR (H Cuming 160) Fi#EzEH
i (FIRE 2B B ) EE ML

TR > AT i FRURCEREAE /T IE & IR
HK 1923 4F 4 A 8 HERE R AMEE L (5
Jet BRUR = S PR ) A A A i ey S A 4 [
(Ogata 1933)- [/ K/ 2 REARHE T BA e B €
FABTEERR o MERZOMEA DA BE LA A - H
I 1% 7F 2 EER /AT EREEAC#%  (DeVol
1975; Shieh et al. 1994; Knapp 2011) - A 54
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BABARIMNEREE R » fE 2 EHEE )AL
KBV AW A TERAE (DD,
data deficient) ] % (Wang et al. 2012) °

2006 - 1 H » ASCH A& 2 R0
GRS LS TREY DA AT » ST RE R S EE
FREHEYIRS > (B RER L N LR R TEEE »
AR 0 2013 FEASCER —AFE AR FE
MG B ok RS - (HIUR .2
DNA ERA R i » H I 550 52
(trnL-F + matK + ndhF + chil) B1¥REHIJERE
ZETEERE AR (UERS » RERER : b
5 Fr B {8 NCBI Gene Bank 2 FEijidf
R KM278228 ~ KM278226 ~ KM278227 Jx
KM278225) 2014 5 2 H AR = ~ FPY Kl
AE & A SRR ) (AT Y -C B 1 9% 1T Al
VI » ¥R SEETTER < BRI - TEARRE
90 - 1% PR R L — VIR (T AL D i o

AR SRR AR (R BT 55 T 78 B o7 BRI 07 o2 4
A R RGO A 1 SR A F S B IR
Re o FTAHBANE A 225 o [ARE > ST R
PR FAMKIBEIFER B AR BRI (IUCN)
L7 B EAHERI] (IUCN 2001, 2003) » E#HT
ATk B A AT 2 Y 57 0 A IR A A
A B 2 (a5 ~ EE LB (R o

A B ST
Vaginularia trichoidea (J. Sm.) Fée, Mém. Foug.

3:34.1852; H. lto, J. Jap. Bot. 12: 410, £. 4.
1936; Masam., A List Vasc. Pl. Taiw. 11.

1954; Copel., Fern FI. Philipp. 3: 553. 1960;

DeVol, Fl. Taiwan 1: 236. 1975; Shieh, J.
Sci. Engin. 14: 88. 1977; Shieh et al., Fl.
Taiwan (2™ ed.) 1: 257. 1994; Zhang, FI.
Reipubl. Pop. Sin. 3(2): 29, pl 7(11-16).

1999; Lu er Yang, Taiwania 50(2): 149.
2005. — Type. PHILIPPINES (Luzon): H.
Cuming 160. (holotype: B [B20 0097331],
photo!; isotypes: GH [00443301], not
viewed, L [0443697, 0443699] photo!,
MICH [1287164], photo!, US [00134503],
photo!, Z [000062276], photo!).

BIEERR (—1RARIR) (& 1, 2A, 3A & 4)

B 1. 135 (Vaginularia trichoidea Fée) 2
A EHEIINERIERE - A, L EHIELRERE s B& C,
EROERE (&1 2R 5 D, RE (R
Teta ) BEE R EEER (BE) - KBRS G S
FFRERFO o

Fig. 1. Habitat and habit of Vaginularia
trichoidea Fée. A, habitat; B & C, portions of
abaxile side of laminae with sori; D, rhizome
(covered with linear brown scales) and bases of
fronds (stipes). Photographs by Tian-Chuan Hsu.



62

B 2. 252 S EERBENRA M 2 i > B
it SEASE R U (AR OR S T A2 (71 - R e
(AR A b 16 oA B R I AH B2 - A & B, BF 3R
(Vaginularia trichoidea) ; C & D, HfHEHHEHK
(V. paradoxa;) > A & C BEENRIRAITFHRE
» 5 Fl William (1927: fig. 10G & 11C) ; B&
D 73 A5 A & C HEH | < EASIRHIRGE - £
Bk I RS P F 4

Fig. 2. Venation comparison between two
Taiwanese vaginularias. At where the white
arrows are pointing mean the locations of free
vein tips. Please note that the free vein tips do
not connect with the midribs (i.e. central main
veins). A & B, Vaginularia trichoidea; C & D, V.
paradoxa. A & C are the illustrated drawings of
venations adopted from William (1927: fig. 10G
& 11C); B & D are the anatomically
longitudinal-sectioned images of portions zoned
by dotted line of A & C, respectively;
photographs by Cheng-Wei Chen.

BT TR S

2013/12/31 N D42 x500 200 um

2012/04/09 NL D47 x500 200um

TM3000_1971

B 3. E:ifl 2 BT EERRE R KA A A A 5
MRt (spicular cells) 2 LL& » WAfES IR R
B SR AHURE 5 - HERAREAZSE - A, SHEE
W% (Vaginularia trichoidea); B, sHfUEIFERR (V,
paradoxa) ° R[G5 = & B o

Fig. 3. The comparison of the specular cells
within epidermis tissues between two Taiwanese
vaginularias. According to the photos, there are
no apparent differencees between their specular
cells. A, Vaginularia trichoidea; B, V. paradoxa.
Photographs by Tzu-Tong Kao.

SYNONYMS:

Monogramma trichoidea J. Sm., J. Bot. [W.J.
Hooker] 3: 394. 1841, nom. nud.; Ogata,
Icon. Fil. Jap. 5: pl. 236. 1933.

Monogramma trichoidea (Fée) Hook., Sp. Fil. 5:
123. 1864, C. Chr., Ind. Fil. 431. 1906; Kuo,
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Taiwania 30: 23. 1985; id. Man. Taiwan
Vasc. Pl. 1: 70. 1997; Knapp, Ferns and
Fern Allies of Taiwan 425, 467, ph. 426-1a.
2011; Zhang & Gilbert, FI. China 2-3: 256.
2013.

TR -

MRECARAE » A > (K9 1 mm o BRIEHEEF
B s BRI ERBEHE > K 0.6-1.2mm »
wrgiIR (B 4B) o FEAAE » TER 1-2mm > g
Bk o JESHRIE 0 55 0 & 3-6(-8) cm » T
#70.5 mm > ¥ > EBAEEAD > SR RIEIE] 5
tH 1-3 R B — Ay S~ BEFR DA T b (AR
(& 2A) 3 22 R AR A 2B A RE B R 1 5 S
il (spicular cells » 7&—1% EJEEER) FIZARAM 5
3A) o flF-BERFROARIE - EAEE Ry Sl
HlEE AR L SRR 1 BB K
2-4 mm > MEFURE 5 HIFRIESER - 4B ~ %K AE
B~ KT (8 4A) 5 SRR JERF (R
IR O > B A B R BE B R R
HERBE o A BIYHTEN =6 (tilete) {2
+ o H FAUAETREARE (8 4C & D) ©

WA -
M (R ) ZR B AP R EJE (fF
FIEIR ~ ZERRIN) ~ JEERE o2

LB

HR~ NERERVE B 2 IR AR RABERR 0 MR
200-800 m s HEFRIFEBS T 25 A 2 18
M AR » RS RAF - B -
AV EETE BIEBRIRIR (Didymoglossum
tahitense (Nadeaud) Ebihara & K. Iwats.)
F 2B R (Crepidomanes humile (G. Forst.)
Bosch.) °

B 4. 135 (Vaginularia trichoidea Fée) 2
AR o A, %R (BE5%% > paraphysis) s B, fi
F (scale) s C, {8 (spore) s PUTH #5 {12
i s D, fF-RMEA = FEERH L o KE G
FHBFUE S Fr o

Fig. 4. The microscopic photos of Vaginularia
trichoidea Fée. A, a paraphysis; B, a scale; C, a
tetrahedral spore (also a trilete spore); D, the
laesura with three radiating branches on the
surface of a trilete spore. Photographs by
Cheng-Wei Chen.

IUCN B 5B -
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RIS A B BP9 8 A R » SHEERRTE
S AT = (B (R = PR L [
S AR E R 1L B B > BERRRED S 5
(H RS 3 Ena iRt s ot » it 4 a1l
MHEFOR N B SR BIE B > HEHEP ST
KA FTRE KGR o IR EE S5 A B isEh T
B TR o KM (RIBEIEE B AR E W
(IUCN) #I z & 55 #l B2 #E JIl  (JUCN 2001,
2003) > AT AE BT HERRAT 208 2 S B
[ EEMHRRAEIL (CR) ©

FIERBHEL

= # (TAIWAN). 2 i B (Taitung
County), H{[4E (Donghe Township): #SHE LI
(Mt. Dulan), H.M. Chang 6964 (TAIE); fi{&f}
LHE[E (Chikwuaitsou of Shande Villege), T.C.
Hsu 6845 (TAIF), H.C. Hung 122 (TAIF).

JEME (PHILIPPINES). E%RE (Luzon):

Quezon Prov., Mt. Banahao de Lucban, 7.C. Hsu
4080 (TAIF); RZ I (Mindanao): P (1]
(Mt. Apo), YH. Chang 20120510-003 (TAIF).

SHREERD -

EEERRB (Vaginularia Fée) HEYIHRIE
RE Lok L RV BN R K
FET B R AR R B R IRIBEE S B
{HI A B {01 A L SRR < F7 (0 > ARG BT BERR
J& 2 XN (Fée 1852, Copeland 1947) » #AIM
% B R | 5k T S SR B OF A B 20— 15

Wk & h (Monogramma Commerson ex

G

2

Schkuhr, sensu lato; Williams 1927, Kramer
1990, Christenhusz er al. 2011)° 3T 5E5K > LL DNA
RO P BRI R L BT A R U B
— {6 #% Bk JB 0t JE B R #F (monophyletic
group) > 3l HL 3K BTk @ < S8 L1 (Ruhfel

BT TR S

et al. 2008) ° KLt » A SCERHIST SRR T IR B
H—RERRE -

S ST R B Y A MR - Al Et
BERR LLBGHE IS BERR  (Vaginularia paradoxa
(Fée) Mett. ex Miq. 5 B& FHLAL—{5ARIR) > FIE
AP - 2 R B TR 0N DA TR
53 o BB A FERFICRD (2-4 mm) > TR EEMHIRE 5
B 1E 3B HEREH CEE/NA 05mm)
BEAFRIPRE (R FR) BN
IERE R E B — R (REERFR) HiE
FEL Gl KRS 1mm) e

%j» =
2% N

RT3 NS S N L PN
SEE S A AE S F B AR AR T R A
HIE R LB KE: (Duke Univ.) EP)E2
A 058 A v B S 2R T AR ) 7 T Y
B » DUk 2 Bt Ba P e R sH B
WA 5 B MRk G S A 7R IR A R L0 9
By » kR R EIR T B SR R bR S R IR
AR A AR e B A 7 THI > SERLSthFEBUE
1EF51A o [A]RE » it B ~ MICH ~ TAIE ~
TAIF ~ US & Z 5545 KASEA B B = BLAHRAEE 5
NBEGH » Bt M EE It 2 TR
ST I A U A 2 K Ml A 22 o

71 SRR

Christenhusz, M. J. M., X. C. Zhang and H.
Schneider. 2011. A linear sequence of
extent families and genera of lycophytes
and ferns. Phytotaxa 19(1): 7-54.

Copeland, E. B. 1947. Genera Filicum: The
genera of ferns, pp. 226-227. Chronica
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RIRFELUERE R )71%  EFETIE A EENRE (EERHIEY) - FTiSts R Ay G 158
Tl 2 REACHE » SCHERHY 1 FTRE R © BIEE (Citrus reticulata var. depressa) » BRFSTEEEIRE R FE ~
B35 i A e R AR SRR H o

Abstract

This study is a classical taxonomic revision of the Cizrus family (Rutaceae) in Taiwan based on a
broad survey of herbarium specimens and living plants in the field. The Taiwanese Citrus was classified
into one variety and two hybrid taxa, including one new status Citrus reticulata var. depressa. Notes on
habitat and general distribution of the species and variety are also given as an analytical key to the species

and variety.
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&S
Citrus L., Sp. PI. 2:782.1753; Gen. Pl. ed. 5,
341.1754.

ARIBREY)KER > B RS R > (R PE TRl
278 A B IR A A SR AE (REAE) IR & -
W fEAE A AR R R S th 2,300 2 4F - FUE
1753 PR3 BB G (Citrus L.)Z
i > SE AR ALK A TAEE ~ e R
By~ e FAEMIGEEY A S
WO B S A B A fE ]
2 Al Ze A 5 o NOH MRS A E AL
B Fr LA R 2 M A A A 1 AR RAESR AL
& BRI AN B AEREY) o A SRR B
FH o BIRIGRAR > OB A AR
Bt o

A [R] B2 S R A MR & 72 SR ARK -
] 73 P SRR B Ho i 4 o AT 2 Swingle 2K
A BAEYI L 16 fE (Swingle and Reece
1967) > 1HHERFZEEA 162 {7 (Tanaka
1977)  BCHEY) 0 B2 AIAIRE 22 ~ &)
L5 ~ AR PRERIL[RI ISR 1% - IHAEY) 0 BHER
IFER T RE T & RE ) i 1) S8 R R R 28 B 1)
(PIRFFFE » ] LUSE 1B 42 s B i R P A B £ »
KIIE » 47 SR 52 & Mabberley (1997) #&HH
A2 M B A FE AR RAERF A > REAR AR

o
'.m;»

At

L
8

EEZ)

BEZHW] : 2014 £ 12 H 26 H

Accepted: December 26, 2014

T 37 A2 V)15 BRI Z 1Y) Sk PG T
A A S8 ML V) A ~ el 2 e o D )
W (% o IR 55 (1997)a8 5 &M (Citrus medica)
FIARRERE (C. limmonia) » 3 A7 K> I FEE Il )
HALER - ERg ~ BEPTFIE R o fE e
VYR AF B il o —EHYEF A B > 7EHR
B A DB AR ER B o (B E K (Citrus
medica) e B AETE » RIEER(C. limmonia)All /&
PO R IRHEZCFE > Chang (1993) EC#E1E
TAaMidEEYE 4 8 > &1 IERGEE
AER TR 1R R 2 BfEACHE o

A SCAf 5 FH B 00 JEE 2 B RE LA
EARE  HAREZ BEEREIIRER
15 » 22 % B P 25 KA A BE P T O R S A
A o 5| FAEA AT AR EE 20 Bl MR KR4l
T
HAST : et gl A1) 2 ikt 2 vh OAEY)

A EH

PPI @ [ R R MR A E
TAL : BN 2 A AR R R YA B
TCF : [B37 FR LR B2 R bR R AT A B

T Ml I (R B PR SIS 5 5 HERREE SR
it > QRCEUEA BRIV AR SR - I LS SRR
Z o

(R B E #r e fE 2% » HHBAIT AL
SRE AU N LEE - REAE K e Db I 1 4
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[ 7€ iRk & b o 15 LABE 7 I AR B (HITACHI
E-1010)&1T IR » LM R HE g
AR - SERCE SRR FPi% > LURHGCE
HETM3% (HITACHI TM-3000)7F 15KV T #{%
fE¥y - (8 I oS B RFE I s SR R (7 -
B 18 A A A B 2 {E R RSB 5% B KT ZE MRS
BRI » FeinEMEEL - 4-5 i fL(Tetracolporate-
pentacolporate) °

B EGE R

ALZERESRE 5 REE 2-3.50m °

BL. ZEINEIEIE : RRETE.............. L5
FHR Citrus reticulata var. depressa
B2. HERMAEIE 3 IR .o cRiiged

Citrus x limonia
A2 BERREAR I B = AR INEP R s REK
9 5-9cm.......... 2.5 Citrus x aurantium

Citrus reticulata Blanco, Fl. Filip. 610. 1837.

1. Citrus reticulata var. depressa (Hayata) T. C.
Ho & T. W. Hsu comb. nov. 18815 (18] 1,
4A-B)

Citrus depressa Hayata, Icon. Pl. Form. 8:16.
1919; Tanaka, Blumea 2(2):107. 1936;

Liu, HI. Nat. Lign. PI. Taiwan 2:850. 1.703.

1962; Chang, FI. Taiwan 3:509. 1977, ed.
2.3:516. 1993.

Citrus tachibana (Makino) Tanaka, Bult. Sci.
Fak. Terkult. Kjusu. Univ. 2:52. 1926;
Swing. in Weber & Batchelor, Citrus
Industry 1:421. 1943; Li, Woody FI.
Taiwan 365. f. 7137.1963; Liu, Lign. PI.
Taiwan 551; Liu et al., Trees of Taiwan
553. pl. 382. 1994.

Citrus aurantium L. var. tachibana Makino,
Nikon Engei-Kwai Zasshi 75:2. 1896.

Citrus  aurantium  Subsp.  nobilis  var.
tachibana (Makino) Makino, Bot. Mag.
Tokyo 15:167. 1901.

i

(1) Citrus reticulata ZALREE ~ TR 1.5 cm
PIE~ 73Rk #ESR Zhang and Mabberley
(2008)i5 S EY A FH C. depressa fif A
C. reticulata > {HE 8 E ZHEY) AL A ~
EME 10em LIT >~ FEAHGE C
reticulata 1ETZRE - v] LIBREER 73 > Pt LURE
PSS o

(2) Chang(1977, 1993)/> 5 IEREYIREES 1~ 2 bl
W SRR G EMMEBIEYIA C. tachibana
Ml C. depressa —FEA[FEEY) » £ELL C
tachibana FEEIEKIEH] C. depressa RE R
[BITE 7 LA 73 55 — A R4 - (B
A SR B 2R HATASHE I C. rachibana F
HWEY » HARRE I C depressa tH
[ > #F LLEOF -

(3) 77 A HASFE ERHRBR AN 5 1 (g At [

(4) fE¥y A/ 21.8x36.7um R ERIE » Fe1H ELAY
#> 4-5 1 fL.(TetracoIporate- pentacolporate)

5 FEERA

Bk M. T. Kao, 9673 (TAI); 111, H. J.
Su & T. T. Liu, 5006 (TAI) 5 KZEIL T. S. Liu et
al. 6484 (TAI) ; HINI, K. C. Lu et al, 8218 ;
{a[5RiEH, 78(TCF) s #r+t48, Al 5, 80(TCF)
TEE® : K& M, Ching-l Peng, 12334
(HAST) - 5 ¥ Bk : Ffl, C. E. Chang, 2822
(PP1) : {n[5i#E, 33(TCF) °
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1. Citrus reticulata var. depressa ASFK, BAL C.MEEE (Scale=1 mm) °
Fig. 1. Citrus reticulata var. depressa A. fruiting branch ; B. flower; C. pistil.
2. Citrus x aurantium L., Sp. Pl. 2: 782, 1753; i
Merr., Enum. Philip. FI. Pl. 2:342. 1923; (1) &SR C. taiwanica WIEEBFRIZ ] C. x
Tanaka, Trans. Nat. Hist. Soc. Form. aurantium F-52 — FIRYINEITE &8 —FEAEY)
22(123):427. 1932; Chang in FI. Taiwan ed. TEEE R I RERI R KA A E - (B2 41E IR
2. 3:513. pl. 267. 1993. i ([&E 2, WA B R E - K ILIA] 7 Mabberley (1997) 2
4C-D) & DR R > JEFEG0F
Citrus taiwanica Tanaka & Shimada, (2) AR R L » ST ~ W SEALREIE -
Bull. Sci. Hort. Inst. Kyushu Univ. () ft#r K7\ 26.6x28.6um » ERJE » FE1H B
2:54.1926; Tanaka, Blumea 2(2):106. #0° 4-5 1 fL.(TetracoIporate- pentacolporate)
1936; Liu, Ill. Nat. Intr. Lign. Pl
Taiwan 2:866. /. 709. 1962; Liu, Lign. 5IEHEA
Pl. Taiwan 551.1972; Chang in FI. B R : BB, Ching-l Peng, 7696
Taiwan 3:510. 1977, ed.2. 3:516. (HAST) ; C. E. Chang, 17792, 19103, 19582,
1993; Liu et al., Trees of Taiwan 553. Ching-1 Peng, 7696 (PPI) s {a[ 5, 27, 31, 32,
381. 1994. 193 (TCF) * #r 7Tk : #E 2, 11 (PPI) - Y ERAR -
Citrus x aurantium cv. Taiwanica g A, b HH o 711,3182,1271D(TA) 5 = H 5@ i,

3182(TAI) ; fA[5#H, 127, 128(TCF) °
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B 2. Citrus x aurantium A. F57 BAE CHESE (Scale=1 mm) °
Fig. 2. Citrus x aurantium A. fruiting branch ; B. flower; C. pistil.

3. Citrus x limonia Osbeck, Reise Ostindien 250.

1765. 5 ([El 3, & 4E-F)

Citrus Xxlimon auct non (L) Osbeck:
Mabberley in Telopea 7(2): 169.1997.
Citrus medica L. var. limon L., Sp. Pl. 2: 782

(1753).
Citrus tachibana auct non (Makino) Tanaka:
Chang in FI. Taiwan 3:510. PL 306. 1977,

ed. 2. 3:516. 1993; Ho, End. Sp. Res. 9(2):

33. 2007.

i
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W 3. Citrus x limonia A K BAEL CMEEE (Scale=1 mm) ©
Fig. 3. Citrus x limonia A. fruiting branch; B. flower; C. pistil.

I8 4. {1E¥; A-B, Citrus reticulata var. depressa ; C-D, C.x aurantium; E-F, C. x limonia (Scale = 10um)°
Fig. 4. Citrus x limonia A. fruiting branch; B. flower; C. pistil.
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Salvia occidentalis Sw.— A newly naturalized West Indian
sage in Taiwan
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BREREE (Salvia occidentalis Sw.) [ EER SEINFI NN, LUy ~ (i B3 ~ ZRPG 57 ~ th3EN
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Abstract

Salvia occidentalis Sw., belonging to the mint family, is distributed in tropical America. This species
is characterized by its simple leaf, calyx densively covered with glandular hairs, and blue corolla with
white blue-streaked throat. In a recent plant survery, we found a wild population of Salvia occidentalis in
Pan-ping-shan area of Kaohsiung City in southern Taiwan. A detailed description with color photographs,
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SEM microphotographs of pollen grains and habitat information is provided in this paper.
BREE - BRI SRR -~ 5 - e
Key words: Lamiaceae, Salvia occidentalis, Taiwan, taxonomy
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Fig. 2. SEM micrographs of the pollen grain of
Sablvia occidentalis Sw. from Taiwan: A and B,
equatorial view of a pollen grain with a reticulate
tectum; C, polar view showing a six-colpate

pollen grain with a reticulate tectum.
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