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Abstract

Some groups of marine algae, particularly calcareous red algae (Rhodophyta), absorb calcium ions
from seawater and generate calcium carbonate in algal bodies, thereby forming large reefs. However,
these algal reefs are little known in terms of their biological composition and ecological importance.
Many pollutants are discharged into these habitats, causing algae death and destruction of the ecosystem.
Guangyi, located in northwestern Taiwan, is in relatively better condition in terms of algae growth rate
and coverage. The range of algal reef distribution is about two kilometers starting from the southern part
of Hsiaofanli Creek and ending at northern outlet of Hsinwu Creek. The sizes of the algal reefs along
those areas are about few to 500 meters wide and one to few meters in depth. To understand heavy metal
contents of the algal reef areas, five sampling lines in Guanyin, northwestern Taiwan, and two sampling
lines for controling in Qianshui Bay, north Taiwan, were sampled. In total, 115 samplings of 32 heavy
metal contents were measured by X-ray fluorescence. Multivariate statistical analysis, classification and
ordination were used for the quantitative analysis of the 26 heavy metal contents principal component
analysis and cluster analysis. This has confirmed several main elements for discussion. Heavy metal
contents of algal reef in the low tidal zone and near-shore areas were not the same. According to soil
heavy metal content standards and classification of Taiwan, copper (Cu), zinc (Zn), chromium (Cr) and
arsenic (As) concentration in samplings of Guanyin algal reef were at fifth grades, indicating pollutions.
Calcium (Ca) is a reef composition element, and there is high purity calcium in Qianshui Bay, north
Taiwan. Strontium (Sr), titanium (Ti), thorium (Th), zirconium (Zr) in reef algae of Guanyin, northwest
Taiwan, were higher than the control samplings of Qianshui Bay, north Taiwan, indicating external
sources of strontium, titanium, thorium, zirconium elements in Guanyin Coast.
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W 1. BRI R b A R SRR R (L -

Fig. 1. Sampling lines at algal reefs of Guanyin in northwest coast of Taiwan.

B 2. Jif K e R AR (L -
Fig. 2. Sampling lines at algal reefs of Qianshui Bay in north coast of Taiwan.
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EIEEYIZ B ERTSE(TW J. of Biodivers.) 16 (1): 1-19, 2014

4. BUEEEEIELS 2~ 3~ 4 BRERZARAIREENIE -

Fig. 4. Samplings of line2, 3, 4 at algal reefs in Guanyin coast of Taiwan.
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Table 3. Eigenvalues of 26 heavy metal contents in 115 samplings
Axis1l Axis2 Axis3 Axis4 Axis5 Axis6 Axis7 Axis8 Axis9 Axis10
Eigenvalues 5.117 4.009 3.024 2.487 1.563 1.349 1.064 1.019 0.915 0.824
Percentage 19.682 15419 11.629 9.565 6.013 5.187 4.091 3.921 3.518 3.167
Cum. Percentage 19.682 35.101 46.731 56.296 62.309 67.496 71586 75.507 79.025 82.192
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Fig. 5. Ordination of 26 heavy metal contents at 115 samplings along the first two PCA axes.
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Fig. 6. Ordination eigenvectors of 26 heavy metal contents at 115 samplings along the first two PCA

axes.
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Fig. 7. A dendrogram showing weighed pair-group method with the mean character difference of

samplings among 26 heavy metal contents.



14 EIEEEREE S BT

[ 8. A4 115 EFRA Z AHERMEFRE LUNIRERC SIS A8 HH TR AR TR ]
Fig. 8. A dendrogram showing the weighed pair-group method with mean character difference of heavy
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Abstract

Polypedates megacephalus Hallowell (the spot-legged tree frog, 1861) was found in Central Taiwan
in 2006. Its morphology is similar to the native species P braueri (Mogt, 1911). In this study, P
megacephalus’ distribution in Taiwan was investigated by referencing amphibian conservation volunteers'
survey data, public reports and grid system surveys. We also compared P. megacephalus' location (survey
in 2006-2012) with P braueri 's historical distribution records (survey in 1982-1990) to examine the
probability of P megacephalus being a native species, as it was mistakenly identified as P. braueri
previously. The results show that P megacephalus distributed in Taipei City, New Taipei City, Taoyuan
County, Taichung City, Changhua County, Yunlin County and Kaoshiung City. There was no overlap
among the 363 P. braueri 's historical grids and 87 P megacephalus' distribution grids. And in the 87 P,
megacephalus' distribution grids, 40.2% grids were investigated in 1982-1990 and no P braueri wWas
found. The results indicate that high probability of P megacephalus being an alien species. P,
megacephalus has high adaptability and reproductive ability, and its population is still expanding in
Taiwan at present. In the future, population control as well as reporting and monitoring by volunteers and
the public are important cost-effective conservation measures.
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Fig. 1. Morphological differences between Polypedates megacephalus and P braueri. (a) The dorsal
pattern of most P braueri contains stripe, (b) The dorsal pattern of most P megacephalus bears a "X",
(al )The color pattern of the thighs of P braueri is black lines against white background, (b1)The color
pattern of the thighs of P megacephalus is white spots against black background.
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Table 1. Comparison of fecundity and egg development between Polypedates megacephalus and P. braueri

Polypedates megacephalus  Polypedates braueri

Breeding season Feb. to Oct. Apr.to Oct.
Clutch sizes 639+291 349
Clutch deposition intervals (days) 31 32
Clutch deposition frequencies (number per year) 5 2-3
Hatching days 5.8+1.6 4-6
References ($1=72010) (3= 1989)
R 2. B ITHE BT RRMEE 55 A7 LA
Table 2. Occupancy percentage of Polypedates megacephalus in grid systems

. . Number of grids with P Occupancy
Name of grid systems  Number of grids megacephalus percentage
Guanyinshan 48 25 52.1
Linkou 41 21 51.2
New Taipei City 51 21 41.2
Taoyuan 27 7 25.9
Xinshe 35 21 60
Dadu Mountain 9 5 55.6
Tianwei 48 20 41.7
Yunlin 18 5.6
Pingtung 9 3 33.3
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Fig. 2. The investigation grid systems of Polypedates megacephalus in Taiwan. From north to south:

upper left, upper right, lower left to lower right.
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Fig. 3. Historical distribution records of
Polypedates braueri (red pixels: P. braueri
distribution; black pixels: no P braueri
distribution), as modified from Pan (1997) .
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Fig. 4. Survey plots by amphibian conservation
volunteers (green dots)and the distribution of

Polypedates megacephalus (red dots).
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Fig. 5. Comparison result between recent
Polypedates megacephalus records (blue and
yellow pixels) and historical P braueri' records
(red pixels).
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Abstract

Biogeographic regions have attracted study interest for more than 150 years, and one of the major
focuses has been biogeographic boundaries between islands in East Asia. This study is a statistical
examination of the breeding avifauna on major islands in East Asia, from Sakhalin to the Lesser Sunda
Islands, across the Palearctic, the Oriental, and the Australian regions. Based on the breeding distribution
of all terrestrial bird species, we calculated Simpson dissimilarity index between islands and delineated
the boundaries of the biogeographic regions, using cluster analysis and Non-metric Multi-Dimension
Scaling. Results show that the breeding avifauna on the Lesser Sunda Islands had strong Oriental
affinities rather than Australian ones. Thus, the Lesser Sunda Islands should be classified into the Oriental
region. The biogeographic boundary between the Oriental and the Australian regions should fall between
the Lesser Sunda Islands and Maluku, and the remaining part follows Wallace’s Line. In addition, the
breeding avifauna on Palawan was distinct from that on Borneo, not the Philippines. This suggests that
Palawan and Borneo should be classified into different biogeographic regions. Moreover, the
biogeographic boundary between the Palearctic and the Oriental regions should be located along the strait
between Taiwan and the Philippines. The Ryukyu Islands and Kyushu may should be classified into
different biogeographic sub-regions, as well as Hokkaido and Honshu. These biogeographic boundaries
were related to the difference between the breeding avifauna on the islands, which may have been caused
by land bridges and strait barriers resulting from sea level changes during the Pleistocene. While relevant
studies have focused on faunal differences on continents, this study examined the biogeographic
boundaries between islands and provides a unique viewpoint to the delineation of biogeographic regions.
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AT L[ R M A e R R A BB Y
JaA R M A B B ] SRR AR B 2 SR LA

o e MR S AR A P P R

PR = 1 - a/ [(min( b, ¢))+ a]
@

Hrp a [REHMhEL 2ty L [F SRS > b
Bl ¢ 43 RlE L 2325 5 A 1 S R fE
B o AR08 L [ > BlE AT
RAKRMEE AR - BiEd MUCRHR A
/N o DL ERRET o A (o FH RAEE T #HE 3.0. LAk BER
F2xCbeta part (Baselga and Orme 2012; R Core
Team 2013) -

(=) SRS M7 (Cluster analysis)

AR FEIE o 3 AR AH SR AR A AT SR
I3 VERS S FER RS o AR Z2 (IR
FE i 7R 2 BC #F R RE 23 T (Un-weighted
Pair-Group Method using arithmetic Averages,
UPGMA) » [KI 5y Al SR 18 > HoAth 75 325 (Kreft
and Jetz 2010; Holt et al 2013) 1 EL{# FAH[A]
HiE e R DA <5 52 BRI S 06 ST 7 - AN DT
AN B HBEE M - UPGMA HIEZERLL
2 EEERERS LAH 38 2 (MERRFR LA 1 AREG
FTRUE 2 BRELEEAE - IR % JOEIUERES > 31
JE SEPRERA BT T » MRS R Z A AR
LB LUDIAE (Kreft and Jetz 2010) © LA E#fiEt
SFTH A R #ETHHRES 3.0.1 FREE R #22X cluster
(Maechler et al. 2013; R Core Team 2013) °

(=) FEE &% H R EHERF (Non-metric
Multi-Dimension Scaling, NMDS)

A PF 5 AR 4 B i S e B B OR B R
RekL » {5k FH P B 1 2% e FRURE Bk P A I B = 2
SIS SR A SRR > DA LAY 15
[l 5% o7 BE 04 38 o I U7 ik B HE o AR
(ordination) » AR EEVZ (AR R Z2 MR R AR
Yy i B OB fF ¢ (Kreft and Jetz  2010;
Gonzélez-Orozco et al. 2013; Holt et al.2013) °
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B HA BE e 0 A AH G > JRRE B 2 e RS Rt
K THE A R H R R G o AT BRI o AR
(Ludwig and Reynolds 1988) ° [F]iF » JEEE &%
R B e A s SR 5 S T S e Al e /D 4t
FIE » SEE R E (Legendre and Legendre
1998) 7 Afrifiti F A5 sl 2 BB R HR B FHET
725 FHAR 2 BRERFRARIARE = AHEREERY
2 TR BRI AK © & /71 (stress value) AT i
BIFIHE R ES T AR 25 HEN
20 Bl 1 ] BfEd NS B R G
Bl B ) A (goodness of fit) A o LA
HEEE AT R #EETEEE 3.0.1 fkEE R f2xC
vegan (Oksanen et al. 2013; R Core Team 2013) ©
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(Q)BRHLAE PG » LB () 586 P I e PR EE TR IS
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Fig. 3. Cluster analysis based on Simpson dissimilarity index and Un-weighted Pair-Group Method using

arithmetic Averages(UPGMA) of the breeding avifauna of major islands in East Asia.
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VLB T ~ BTN, ~ PEEEAIRE RS ~ BRHL
AHEPY o HrPERALHE PG B EEE IR SAHL - (HEd
At A 55 L) RE S ) » SRR IR L 2/ N5
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BALA [ L fth Jos B A 2 P

A LLERGIR - AT BROAE R B I ~
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(& 5) o Horb/NSRAEES BLEEFE IR & ~ BRAL
HE PO = R R E RS SRS 057 B
0.58 » M/ NERAAE S BLEE H 55 (0.22) ~ B HLE
(0.43) ~ B JTUH: J55 (0.52) ) <3 AR FH Z2 R FiR A (35
2) s BTN SRR S BIEE R > BT
FEHE ~ ZHE ~ TUEE » BEEAIREE - #F
RIAHE TG AE 220K o By SF RS ER N A 2 AR AT
BEEER 0260 SR ER EHIEFRERN
0.22(5 2) s B/~ B by S B B XA » SO
TAFEFRE » MIELERRIN - 25— > BRI EL b
P SRS S B IR A [ (8] 5) o el
FEHRER L AR RS 070 EEPE
JEELREY 0.29 » DU FEHE B R 1Y 0.22
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PEEY > WRIREL LA - T2 T R A s L 51
WA V) HE B 5 2 (0 A st LR © i 9%
{5t Y W bl B e A7 L ] > R S bl R R
PSRV B SR B33 T IR AT E
G R

B> SR B [ ) SRR DU B
W2 W R A 4R (Wallace 1876) » Folf 22 ER
TEBFFEIT S R ARG SR (Holt ef al. 2013) < HA
THFEREUT > HEAR S0 B A R 5 i) SR
SRS sRTENR 5 A SRRt SCRHE TERS IR
REUT/ NFR A 55 BRE [ %@%«%@%Wayr
1944; Audley-Charles 1981; Michaux 2010) °
AT RE T2 KT SR I 14 5 e 0 s 1S5 e ijﬁ
P8y o /NSRS R A LER S 16 (Sumbawa, Flores,
Solor archipelago #[1 Alor archipelago) » Hi#rtt
I 51 (Miocene)(1,000 &4 Aif) B AL 4Bk 25 5a K
R (Laurasia) tH 8 » i B I S 1 BRI
FIP&IK (Audley-Charles 1981) o /NFEfBEEE Y
=R 5 Il (Sumba, Timor) » & b #r fH B A
(Pliocene)(240 & 5 Al R b B T mr b
FITIZRY (Harris 2011) » £ FHt 0 o It 55 A 1 PG 4%
B % (Audley-Charles 1981) ©

B R BRI EE b S B S R s ]
i (Huxley 1868; Myar 1944) » {HAFFS2EET: »
R LRI SRR B SR R  AE DL - Bl
NP (N SR B INUSESSEL it R 7N
B4 S e FE A E Y A AH DL 5 (T e B A2
Y7 : McGuire and Heang 2001; Brown and
Guttman 2002; Evans et al. 2003) ° ELi 22 8il5E
RERY) RS > o] e KR T
(Oligocene)(3,000 & F-Hif)i » B4 S ERTEIEE
VY e 5 M6 (] A B i K 3T 5 Y EL T SE AR
Fi[E B (the Palawan microcontinental block) » &
LSRR 2 Y e 5 ML R 5 B 26 1 B (Mindoro) 7Y
FA AR ~ )5S (Panay) PHALER ~ 7K 5 (Carabao



44

Island) ~ LA K BA 77 B& & (the Romblon Island
Group)(Heaney 1986; Zamoras and Matsuoka
2004; Zamoras et al. 2008; Yumul et al. 2009;
Siler et al. 2012) - W3 {HHiT1(1,600-2,000 & 4
AiT) > BRI OR R e R v SR /T R4 ) - |3
2% B (the Philippine mobile belt) » F15 i
(1,500 & AT » AL SE R ERESE BRI
B U2 S YN FH AT (Hall 2002; Blackburn et al.
2010) ° #uh)EEE » B hT SZ B IR TR R 1K
A H B ] R S A B R S B 22 2 U (Esselstyn
et al. 2010) ° A} » AR LRSS Bl
FREINAY SR AEEL - 5 5 2R o T B2 Bl 42
KRNI PRE AL (Huxley 1868) » FIHENR K/ 5
# 1t (Pleistocene) i /K T I [ » T2 1l W 155 e A
(Rohling et al. 1998) » Al R EGLAFICIEMH » &
IRF W 55 61 AT BE {5 A ¥ WK F B¢ (Voris  2000;
Thomas et al. 2009) » [X L4 = B2 hi7 B2 B B2 A M
HIVIRERH S -

= AL B R Y SRR 2 T E
VEE R 0 M ZE R A (R 1925, 1931; 1L RS
1955) » (HAHFFERET » 18 2 [ SR HE 5 =2 1 Bl
FERE AIRHIEE » STRR AP IR A 0 o BROE [ Y &2
P ELRERIE S, - AL SR R R 1 5
Holt er al. (2013):lf A BAHE S Hi =8 & 1215 H
[ B SR [ > (A Z 2T 2 1 i S R B
AL S F A BL(E] 3) - TR AR AL
X (Cezonic Era)f Fifoe B ot b [ AH e 3= 2
& o B — Mo & B S A i BB i
(250-2,300 & ATy » VKT MR ALY 7 B i
Wt s SAEEARE ~ A ~ DUBL ~ JUMN ~ BRBREE

Jeb~ LUR B2 1855 » {7 B R n K PEREGHE (RN 1996;

Ota 1998; Fi[ 2005; Nakamura et al 2009,
2010; Zhai et al. 2012) > v L[5 78 ] #E I 48 AL
B2 o 55 T {RPEEE AL 2RI - GBS
—{GRFERG RN FAE - (EAE ST IR 1A (1.5 B4

o e MR S AR A P P R

A LA H TR % - PERGD)RE AT Re i m5 HASE (Lin
1963; Voris 2000; Shih et al. 2007) ° A & » i
) 3% B 5 e L oS, B At oty b oI55 WL 7Y 72 S A
EREE 20 & 4)  nIRER NI Z BRI PERS
Foh S BRI I S e J0 5 1 220 > MDA 26 BRI

KSR » S i A R vy D (L B Al o Rt
5t N

SEUY o AN [ AU R B R A S A 2 B
I (B 1925, 1931) » AHFFERURBREREE ST
b S T A - B IR] (LIRS 1955,
FRM 1974, F211 2011) « FEREEE R HALIEE
TEEL B2 > nTRERE N A AL PR ~ BvElR
PEEARREREE ~ LU R o FrAR R > drdbE
JE e ] R o B R A T e S i -
BUEIBREREE B (Lin 1963; AFT 1996; Ota 1998;
Voris 2000; Zhai et al. 2012) » B S FE A {E
(LA SRR G I AR SRR A S » (H ST
TH AR B BT B L RV HH 3 - 3
i 4 B g (BT 2005; Takagi 2011) © MM HL. »
BT i BA SR ER B IS A8 22 /D = RV IR
W > Rl S LT FEAE B | v REEEUR AR
R B o 5 e AT M A R T (R el 1974
Matsuoka 2000; G 2006) o [KItt » BREREES
TR S o B A oy ol o5 M6 5 P 1
7 5 18

ST bR A > SR R B G (A RR Y
TR B 5 2 A7 A1 B T A B\ AR (B H
1925; [LIFE 1929) o AffFFEtaH » BLALARIER
A B CYREE R AR AR TR, - nTRER I
AT 21 L R P (R RS TR » 32 S R IR ]
FIRRAREE o SRR RS ST T 1% 101 (10-15 &
TERT) J\EHARFT AR 73 o YRS B BE i TR
B R UKI(L.2 & AT ) (P50 2005) © 38 B HARKIA
7§ 7K T % (Rohling er al. 1998; Clark er al.
2009) > SRR KPEELE ES ~ JLIREEEHE > TERL
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FEfE (T A 1998; Millien-Parra and Jaeger 1999;
BT 2005; McKay 2012) » FE{F1 I aE ) B
AT RERE SRR ALIRIE » {H KRS TR fe
EEEEIAIN -

- HRFEEREEMEEEEE R
() /NSRRI B EE R A S

EN TSRS e RS RS S SN
SRR SR IR BB 2[4 38 2 (ERES £
TR SRV A7 P EEEE T 5 i 4 SR
(Paradisaeidae)(9 1) ~ {5555 (Petroicidae)(6 1)
K T B E(Ptilonorhynchidae) (4 F) °

(Z) /NFEMLEE S B g RLAE TS

AN HFF 588 AR Lo B o N [ R th At
/NSRS B R R AE VG 2 [ > /NSRS Bk
FUAE 7 A 5 S L 40 A0 Ak Bz 7E 0 5
£} (Pycnonotidae)(3 f&)

(=) SRH7 e BT R

AR SEREUT » B [k B [ S A th R
B AR G B RN 2 [ SE SR BTV > BHLFEAR
TR AHIE (Wallace 1876) < 52 2 {[# 5 F EFHEE
BEE o Ak fLAE 5 IR E B R
(Meliphagidae)(3 ff) » LUK /4> By 1o
tt B B} (Capitonidae)(®@ FE ) ~ Fd ¥ B Rl
(Eurylaimidae)(8 #&) ~ 5} (Trogonidae) (6 1&)
FAEmE 7R &R (Podargidae) (6 ) °

(T4) g e 4 <

AT SERET » BRI B L4 S A AN R 2R
Yot PRI - ELRT S  BRGE S RE A B JE A
BL > B 5 B4R 15 AN [F] (Huxley1868) © 38 2
85 FEMHRER B M ERMNN T ESE
Bl 1)~ FEE SR @6 &)~ iR

(Zosteropidae)(7 f&) S 5 A F} (6 ) -

(1) ZEEgEHE

ARFRFERR oy b B B [ S = 1
B JEAE ARG » B SRR SR B R}
BOE A IR R E 1Y K5 5 Bl (Nectariniidae) (13
) ~ B8 Rl (Psittacidae)(10 &) & /& B
(Bucerotidae)(8 f&) °

(R) FREKEE S ELILN

AR > Pl ~ A5 K S T R BRER
BB UN B A R R AE V) R > 53 5 SR B
Je i SCRAAETE (BT 1925, 1931; [LIFE 1955;
EIH 1972)  BREKRES SN E 2R BRI
BIER LN AIBRE AR (Motacillidae) (4 F8) ©

() A EEitEE

AR - 0RE AN BN R A4
B R & - B SRR AHR] (Stejneger 1892; E!HH
1925; FI1H 1933) © 32 2 {H S EAHE SR}

=~ IR ZE

BE& A T o3 A Bl S G B 8T ARt
TR T2 77 1 A B B A 2R - ZE Wit
PGS AERRRRZCIARS 19 e R » ZEP
HER AR P B S ) S5 ML e 7 B > BT 2
757 A B 345 1% =F (Wallace 1860, 1863, 1876;
ETH 1925; [11[# 1929, 1955) » {H2 &I HR %
PRIl A A S R A A AT 8k © 20 HEACHI - WpRE
AR R ST » BG4 st AR L)
iR A A o {8 B AL T B WA EEA (Faunal
balance)(Mayr 1944) 20 fid iz » 1577
BASHEE R ER]  HEA T ER HERES
TEYFEERL TR R TR EHE
FRRIRA AT 23 AT o R A ek P S A 7
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Fi43(Holloway and Jardine 1968) - 21 fH##)
W > H % 2= BRI Ry AT R EAS DB &
FBHEHUS » KICEE S el 6 KAVt s iy 73
I B SRR B ST AR AR B 5L (Kreft and Jetz
2010; Holt et al 2013) * 1 Holt er al. (2013)
BRI SE 5 A RE 0L > PR RHIEIHY AH 52 R FE A B
ERE T o RIS SRS SRANAFAH
7] » 38 AT RE 2 X s AR e o8 FH e A 2% ) R
FEBAAT » 17 Holt e al. (2013) 88 FF 55 i % 5 Bl
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Ko
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FIAS B B R0 56 B o0 A B 22 TR HE 15 75
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SR ERE b - fe it S EE SRR AR o
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o e MR S AR A P P R
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Abstract

Point count and mist netting techniques have been commonly used in terrestrial habitats for the
purpose of surveying avian communities. However, the difference of community structures measured by
both techniques is poorly known. We compared point count and mist netting data collected from the same
plot in a subtropical lowland shrub in southern Taiwan from April to September 2012 to evaluate their
descriptions of the measured avian communities. We detected 12 and 13 bird species by point counts
and mist netting respectively, and totally accumulated 17 species from both methods. Species composition
between the measured communities was very dissimilar with only 0.47 of Jaccard coefficient. The
efficiency of both survey methods on a particular species was significantly affected by the biological
and/or ecological traits of the bird. Birds that point counts failed to detect were usually silent or rare
species; whereas birds that mist netting failed to capture were usually large or those with a relatively short
wing length. Because both techniques detected different sets of community composition, we argue that
using either alone to survey an avian community might seriously underestimate its richness with an

incomplete description of that community, and the results should be interpreted cautiously.
BRSER : SR - B - B
Key words : bird survey, point count, mist netting
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Fig. 2. Scatter plot of the relative abundance of birds recorded by point count and mist netting
respectively. The dashed line shows a bird having the same relative abundance recorded by both methods.

Number of species

...... Mist netting
—— Point count

0 1(;0 2(I)U 360 4(‘]0
Number of individuals

B 3. BT Euk BB M B (S S AR R AR MR AR o R ER AR & 2 1002 (H 2 2 8%
J18E s A R R AR KT R - MIRRIERLSS IR T » BJTE R ISR SR SR -
Fig. 3. Individual-based rarefaction curves of the bird community data from both mist netting and point
count methods. The vertical line intersects each curve at 100 individuals sampled; horizontal lines from
those intersections show how many species of birds would be sampled if just 100 individuals were
sampled from each survey method.
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Influences of temperature in early months on the first flowering
dates of the planted trees in Fushan Botanical Garden
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Abstract

Flowering phenology researches conducted in temperate regions demonstrate that increased surface
temperature caused by global warming can significantly influence the flowering time of plants. However,
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the impacts of global warming on subtropical plant flowering phenology remain unclear. According to
temperature records of subtropical Fushan Botanical Garden, the El Nino event in 2010 and La Nina
event in 2011 had caused the mean temperature during January to March in 2010 2.8°C higher than in
2011. The flowerings of 37 families, 102 species and 244 trees in Fushan Botanical Garden were
investigated between February and June, and their mean first flowering dates in 2010 were about two
weeks earlier than in 2011. This result suggests that the flowering phenology of subtropical plants may be
also influenced by global warming. Sixteen species and three families were selected as potential indicator
species and families for monitoring the influence of global warming on flowering phenology in
subtropical Taiwan. Styrax formosana and Prunus phaeosticta, commonly distributed in Taiwan, and
Bretschneidera sinensis, having big flowers, are suggested as indicator species. Families Aquifoliaceae,
Fagaceae and Rosaceae which dominate low to middle elevation forests in Taiwan might be good
indicator families.
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Key words : global warming, El Nifio Event, La Nifia Event, phenology, first flowering date
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Fig. 1. Monthly mean temperature during September 2009 - August 2011.
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Fig. 2. Mean temperature and cumulative number of the first flowering individuals in Fushan Botanical

Garden during January-June in 2010 and 2011.
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Fig. 3. Variations of the trees’ first flowering dates (FFD) between 2010 and 2011. Zero indicates no
variations in FFD, the negative values indicate earlier FFD in 2010, while the positive values indicate

later FFD in 2010.
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Fig. 4. Variations of the species’ first flowering dates (FFD) between 2010 and 2011. Zero indicates no

variations in FFD, the negative values indicate earlier FFD in 2010, while the positive values indicate

later FFD in 2010.
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Table 1. Variations in mean first flowering dates (FFD) of planted species in Fushan Botanical Garden

between 2010 and 2011

Mean FFD + SD

Chinese Name Scientific Name No. of Individual FFD Change (weeks)
2010 2011

R Phoebe formosana 5 179.0£0.0  172.4+7.7 1
LESA ] Distylium racemosum 5 55.0+£0.0 53.0£0.0 0
HEE Machilus zuihoensis 3 64.3+8.1 63.0+8.7 0
ISV Pyrenaria shinkoensis 3 179.0£0.0 178.0£0.0 0
ZH O Photinia serratifolia 4 145.0£0.0  144.0+0.0 0
FRICALAR L Cleyera japonica Thunb 3 179.0£0.0  178.0+0.0 0
F5HEAE Eustigma oblongifolium 4 40.0+0.0 43.3£6.5 0
e Lagerstroemia subcostata 5 179.0+0.0  178.0+0.0 0
A H Ilex rotunda 3 130.0£0.0  134.7#8.1 -1
REEIRA Symplocos caudate 3 83.0£0.0 88.3+11.0 -1
HL A Machilus thunbergii 4 62.0+8.1 67.8+11.8 -1
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SN2 Hydrangea angustipetala 3 120.7+8.1  130.0+0.0 -1
HFCHE Castanopsis cuspidate 4 105.5+£7.0 115.0£0.0 -1

0 e Pasania harlandii 4 133.8£7.5 144.0£0.0 -1
[BlFELH 1lex goshiensis 3 140.0+8.7 150.7£11.6 -2
= Pasania hancei 7 114.0¢5.3  125.7+7.3 -2
K&k Lindera aggregata 3 69.0£0.0 82.0£0.0 -2
15 HE Neolitsea konishii 4 475:8.7  60.5:8.7 -2
G Acer serrulatum 4 83.0+0.0  96.3t9.5 -2
=1 = A Acer buergerianum 5 83.0£0.0 97.2+8.5 -2
KEEE g~ Deutzia pulchra 3 102.0+0.0  115.0+0.0 -2
ZE Bt Pasania synbalanos 3 165.0+£0.0 178.0£0.0 -2
EIIRBESR > Ilex maximowicziana 4 130.0£0.0 144.0£0.0 -2
& B B~ Beilschmiedia tsangii 5 130.0£0.0  144.0+0.0 -2
Aot Lindera communis 6 69.0+0.0 85.2+7.8 -2
AETE> Maesa japonica 3 73.7¢16.2  90.0+19.5 -2
2] Diospyros oldhamii 5 102.0+0.0  115.0+0.0 -2
IHETE Prunus campanulata 5 45.8+13.0 68.0£0.0 -3
a Albizzia julibrissin 3 145.0+£0.0 164.0+£0.0 -3
T3 g Pasania konishii 3 145.0t0.0  164.0+0.0 -3
B ifiltE* Castanopsis stellato-spina 3 102.0£0.0 125.0+£8.7 -3
[LFLAf* Diospyros morrisiana 5 145.0£0.0 164.0£0.0 -3
KT #H* Euonymus laxiflorus 5 145.0+£0.0 166.8+6.3 -3
/NEERT Ardisia quinquegona 4 146.3+14.4  171.0¢8.1 -4
SR E* Styrax formosana 4 72.5¢7.0  101.0+0.0 -4
B T A * Bretschneidera sinensis 5 83.0£0.0 112.2+6.3 -4
BEMR Prunus phaeosticta 4 83.0£0.0  115.0:0.0 -5
11175 7 * Murraya euchrestifolia 4 130.0£0.0 164.0+£0.0 -5
KBE it~ Vaccinium wrightii 5 98.2+17.4 132.86.3 5

* A BRI E R HTEEE S84 (20104F )5 5 s B B2 4 (201 14F ) $2 (T ©
* All individual’s FFD in 2010 were earlier than in 2011.

= ~ {EIER AR A FRAE I 5341 AR ] 1 5) » v s o] i Y 28 g
LIREAVASHET 73 AT S SR » 155 & 4tk LA AR A RIBAT RS 736 > B2 T

ERIRPIEE ORE(3R2) - AT A TR B AT {5 A PR SR YR B A 5 KB AR

PREY o RERE R R 2 FH R BEHRESE - I Rs e o

P A 2 R ~ SRR SRR A X
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£ 2. YR £ B R FEEE B (2010 4F) B i B 8R4 (2011 )P 15 E RBAAE H ML
Table 2. Variations in mean first flowering dates (FFD) of dominate planted families in Fushan Botanical
Garden between 2010 and 2011

Family  Scientific Name e o Spectes SFIJ\(I:():.iI'(T)]fen e FrD Chenge
2010 2011 (weeks)

ZERl Theaceae 4 9 166.8+36.7 164.1+41.7 0
MRl Hamamelidaceae 4 11 50.8+9.5 52.1+11.6 0
R} Lauraceae 15 40 92.4+48.8 100.3+45.3 -1
xR Cflastraceae 4 9 137.6+17.4 146.7+£38.0 -1
REER Saxifragaceae 5 11 119.8+24.1 130.3+14.2 -2
HEE{ERE Ericaceae 6 10 100.7+31.6 113.0£27.6 -2
L ER* Aquifoliaceae 6 14 124.5+20.5 137.2+14.3 -2
2 SLR)* Fagaceae 7 26 123.4+21.3 137.6+£21.2 -2
AR R Rsaceae 7 19 84.6+37.6 99.6+31.3 -2

* (RFERFTE AR E XL H 722 B4 (20105F ) 55 i I BSR4 (20115 ) $2RTT ©
* All individual’s FFD in 2010 were earlier than in 2011.

10 Aquifoliaceae 10 ; Fagaceae
== 2010
- 2011

I

mid2 late2 mud3 late3 mid4 lated mud35 late 5 mud6 late 6 mid2 late2 nud3 late3 nud4 lated mud5 late S mud 6 late 6

10 Rosaceae

Uolh |

mid2 late2 mud3 late3 mud4 late4 mudS late5 nud6 late 6

Number of first flowering trees

Months

[ 5.2010 B 2011 & LAEY)EAEHEZ 2 ERE ~ R EIREHRA E KBATE BRG]
Fig. 5. Distributions of the first flowering dates of Aquifoliaceae, Fagaceae and Rosaceae trees in Fushan
Botanical Garden during 2010- 2011.
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Fig. 6. Monthly rainfall during September 2009 - August 2011.
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The largest giant mottled eel Anguilla marmorata
discovered in Taiwan
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Abstract

An anguillid eel measuring 148.4 cm in total length was found on December 08, 1991, in an oxbow
lake of Xindian Stream, a tributary of Tanshui River in northern Taiwan. Colour pattern and
morphological characters indicate that this was a giant mottled eel Anguilla marmorata Quoy & Gaimard,

1824. Based on the annulus in the scales, the age of the eel was estimated to be approximately more than
12 years old. It is the oldest native eel that has been recorded and reported in Taiwan. 4. marmorata was
considered as an endangered species in Taiwan and its capture and aquaculture was illegal before the ban
was lifted in 2009. Because of the ban its basic biology is poorly known. This study provides some basic

information that is important for its conservation.
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Morphology and scale microstructures of Anguilla marmorata
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On 08 December 1991, a large freshwater
eel (Anguilla sp.) (Fig. 1) was found in an oxbow
lake of Xindian Stream in northern Taiwan (Fig.
2). Xindian Stream is one of the three major
tributaries of the Tanshui River system and it is
connected to the Fei-Tsui Reservoir, the source
of drinking water for more than four million
Taipei City residents. It wasn’t immediately clear
what was the cause of death because when found
the fish was already at the second stage of
decomposition (bloated with foul odour and
signs of initial decay), but it was probably
because it was trapped in a small lentic oxbow
lake which is not a suitable habitat for an eel that
big. One of the possible reasons why the eel
ended up there is probably due to the
construction of dams and other water

Accepted: December 30, 2013

B2 HHE - 20134 12 H 30 H

impoundments in the area that disrupted the
natural downstream migration of the adult eels
toward the sea.

After collection, this eel was immediately
transported to the Institute of Fisheries Science,
National Taiwan University in Taipei, Taiwan for
further examination. The eel had greenish-brown
to black marbling on its dorsal side in stark
contrast to its white belly (Fig. 1). Of all the
anguillid eel in the natural waters of Taiwan,
only three species, namely A. celebesensis, A.
luzonensis and A. marmorata, exhibited this kind
of variegated skin pattern. To determine its
species, morphological characters, including total
length, head length, pre-dorsal fin length,
pre-anal fin length and ano-dorsal fin length (the
difference in distance between the origin of the



EEEYIZ BT (TW . of Biodivers.) 16 (1): 77-84, 2014 79

dorsal fin and the anus in percent of total length)
were measured (Table 1). These morphological
characters indicated that this marbled eel was a
giant mottled eel A. marmorata. A. marmorata is
one of the biggest and most widespread in all of
the 19 species and subspecies of freshwater eels
in the world (Ege 1939; Watanabe 2003;
Minegishi et al. 2008; Watanabe et al. 2008,
2009). This tropical eel is distributed from the
southeast coast of Africa in the Indian Ocean,
eastward through the islands like Madagascar
and Reunion, northward through Indonesia up to
southern Japan and Korea and the tropical
western Pacific, including many small islands in
the south Pacific (Tesch 2003). It is the second
most abundant of the five eel species found to
occur naturally in the waters of Taiwan next to 4.
Jjaponica (Tzeng 1982, 1983; Tzeng and Tabeta
1983; Tzeng et al 1995, Leander er al 2012).
The other variegated eel species 4. celebesensis
and A. luzonensis, on the other hand, were very
rare in Taiwan (Leander et al. 2012). In fact their
occurrence in the island were based solely on
glass eel/elver records and no adult specimen for
both species has been reported and/or collected
in the waters of Taiwan to date (Tzeng 1982,
Chang et al. 2012; Han et al. unpbl. data). After
morphological examinations and measurements,
its scales were also collected from where
available by scraping a scalpel blade over the
epidermis and stored dry. The eel was eventually
lost after it was buried in the grounds of the
Institute of Fisheries Science, National Taiwan
University in 1991. In the present study, attempts
were made to extract DNA samples from the now

22 year-old desiccated scales but unfortunately
no workable DNA samples were recovered.

Because the otoliths of this eel were not
collected, its age had to be roughly estimated
based on the annuli in its scales. For
microstructure analysis, the scales were stained
with  10% methylene blue solution and
photographed under the dissecting microscope at
various magnifications. Only the largest and
most regularly-shaped scales were selected for
examination. The shape and texture of the scales
of A. marmorata differ markedly from those of
the other teleost fishes (Tesch 2003) because it is
microscopic, rudimentary, very thin, flat and well
embedded in the skin in individual “sacs”, not
arranged in overlapping rows and does not cover
the whole body like in most teleost fishes. The
contours of the scale seem cycloid but it has a
very elongate-oval shape and because there is no
ctenii-like structures at the posterior part, it is
classified as a cycloid scale (Fig. 3a). Small and
light scales like those of the eels offer less
protection but it allows greater freedom of
movement. Because all eels are adept at sudden
reverse movements to withdraw from cover,
protruding and overlapping scales would hinder
such movements. Therefore, the reduction in
scale size and its arrangement are considered as
morphological specializations shown by all
genera of eels which allowed them to inhabit
holes and crevices and enabled them to move
swiftly.

The core (focus) of the eel scale is very thin
and almost oblivious (Fig. 3b). It lies in the
center and it divides the scale into anterior
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(cephalic to focus), posterior (caudal to focus)
and lateral fields on the lateral parts of the scale.
From the focus, concentric lines of growth called
annuli start appearing (Fig. 3b), but instead of
smooth ridges and groves typical to most fish
scales, these are made up of rows of plates which
resemble small circular, oval or polygonal
medallion-like structures called loculi (Fig. 3c).
These loculi are separated by their common wall.
On the other hand, the spaces between the annuli
are called inter-annular spaces (Fig. 3d). Typically,
the distance between the annuli indicates fast or
slow growth period. These zonations in the eel
scales were frequently interpreted as representing
annual growth and various authors have used this
to determine the age and growth of the eels in the
past. The inter-annulus space is minimum in the
dorsal and ventral part of the scale and maximum
in the anterior and posterior part. In some parts
of the scale, the inter-annular spaces become
very narrow to the point that they merged (Fig.
3e). The scales A. marmorata were also observed
to assume a variety of forms and sizes. Even in
the same fish, the scales are not of the same
shape and size. The length of the scales ranged
from 4.89 to 10.04 mm (mean 7.76 £ 1.57). In
the present study, a total of nine annuli were
observed in the scales (Fig. 4). But this does not
represent its true age, because unlike other
teleost fishes, eels do not develop scales after
larval stage but are formed first at a relatively
large body size, usually three to four years after
migrating into the freshwater environment (Tesch
2003). So combining the number of annulus in
the eel scale (nine) and the possible age of the eel

at the beginning of scale development (three to
four years old) might give a rough estimate of its
age, which is around 12-13 years.

Because scale rings cannot be used to
accurately determine the age of any anguillid eel
species  (Matsui, 1952; Pantulu, 1957,
Opuszynski, 1965; Nair and Dorairaj, 1975 and
Jellyman, 1979) and since its otoliths were never
collected, the true age of the collected A.
marmorata sample remained uncertain. However,
comparing it with samples of similar size might
be another way to roughly estimate about its age.
The size of the 4. marmorata sample from
Taiwan was similar to that reported for the
migrating adult A. marmorata captured in Pearl
River in Southern China during the last quarter
of 1967. Williamson and Boetius (1993)
determined through otolith aging that these eels,
ranging from 132-159 cm TL, were about 15-16
years old, so this makes the Taiwan sample,
which was 148.4 cm TL, roughly about the same
age group. The largest 4. marmorata on record
was probably the 180 cm long, 28 kg specimen
caught in the West River of Guangxi Province in
southern China in 1957, and according to
Williamson and Boetius (1993), an eel of this
size might be about 17 years old.

Like most of the other anguillid eel species,
A. marmorata is a source of food and income to
many fisher folk in the Indo-Pacific region,
where there is a longstanding tradition of its
consumption. It has also become one of the
emerging important aquaculture species in East
Asia, particularly in China, Taiwan and Korea.
The seeds for aquaculture production, however,
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relied heavily on wild-caught glass eel, since its
artificial production has not yet been perfected.
Over the years, intense fishing of the adult 4.
marmorata and widespread collection of its glass
eels for aquaculture has caused its population to
decline in Taiwan. Because A. marmorata during
the yellow stage preferred migrate upstream
(Shiao et al. 2003), constructions along the river
system like dams and other water impoundments
(Fig. 2) may disrupt not only the downstream
migration of the adult towards the sea but also
the upstream migration of its elvers. It is
therefore suggested that the construction of fish
ladder be considered for its fishery management
and conservation. In addition, little information
is available for its fishery management and
conservation since its fishing and aquaculture is
illegal before the ban was lifted on April 2009.
Although the fishing and aquaculture ban has
been lifted in Taiwan, we still hope the
authorities in Taiwan continue to protect this eel
species, since its age at maturation is relatively
older than the other temperate species, and thus it
is susceptible to overfishing and environmental
changes. Further study on population structure,
life history, recruitment dynamics, and habitat
use etc. is essential for its fishery management
and conservation.
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Remark: 2014/03/07

Before this article came out of press, an
even larger specimen of giant mottled eel A.
marmorata (Fig. 5) was caught in January 2014
by a worker dredging a riverbed in Donghe
Village, Taitung County (75 555 BR AT Z2E KT
as part of the county government’s river
rehabilitation plan. This eel was about 1,550 mm
in total length and 10.8 kg in body weight. It
eventually ended up in the care of Goya Hot
Springs Hotel (%17 /& % i J5) in Beinan
Township (P EG4E).
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Fig. 1. Giant mottled eel Anguilla marmorata discovered in the oxbow lake of Xindian Stream in 1991.
Ruler=60 cm.
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Fig. 2. Location where the giant mottled eel was discovered in the oxbow lake of Xindian Stream (grey
star), a tributary of Tanshui River in northern Taiwan. The black bars indicate the dams along Xindian
Stream.

Fig. 3. Scale microstructures of 4. marmorata. (b-¢) is partially magnified from the scale (a): (b) loculus,
(c) focus and first annulus or first winter zone, (d) inter-annular spaces or summer zone, and () merged
annulus.
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Fig. 4. Annual rings (white spots) in the mottled eel scale.

Fig. 5. Anguilla marmorata caught in Taitung County in January 2014 being tended by the staffs of Goya
Hot Spring Hotel in Beinan County (Photo provided by FR Y&l & BB E & 11%h).

Table 1. Morphometric measurements of the 4. marmorata collected in Xindian Stream. All values are in

millimeters except for fin ratio

Morphometric characters

Total length Head length Pre-dorsal fin Pre-anal fin Ano-dorsal fin
mm mm length length length Fin ratio* (%)
1484 169 417 673 256 17.3

* Fin ratio (%) = (Ano-dorsal fin length) / (Total length) x 100%.
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Cymbidium macrorhizon Lindl., a newly recorded
mycoheterotrophic orchid in Taiwan
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Abstract

Cymbidium macrorhizon Lindl., a mycoheterotrophic orchid, was recently found in southeastern
Taiwan. It can be easily distinguished from other congeners by its lack of green leaves and pseudobulbs,
but with large rhizomes. A description, illustration, and color photos of the plant are provided in this
paper.
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Introduction

Cymbidium Sw. (Orchidaceae) is one of the
most attractive and desirable genera of orchids in
the world because of their showy and fragrant
flowers. The genus consists of 52 species mainly
distributed in Southeast Asia (Du Puy and Cribb
2007), of which nine species and four varieties
are native to Taiwan (Su 2000). Within the genus,
Cymbidium macrorhizon Lindl. is unique by its
lack of green leaves and pseudobulbs, but with
large rhizome when compared with other
congeners.

Though some green parts of C. macrorhizon
Lindl. are observed during flowering, recent
studies demonstrated that this species is fully
mycoheterotrophic by the measurement of
natural **C and ®N contents, the proxy for the
level of heterotrophy (Motomua et al., 2010).
Recently, C. multiradicatum ZJ. Liu & S.C.
Chen was described from China as another
mycoheterotrophic Cymbidium species (Liu and
Chen, 2004). However, this is questionable for it
possesses autotrophic roots and green fruits as
Du Puy and Cribb mentioned (2007).

Cymbidium macrorhizon Lindl. is widely
but disjunctively distributed from Pakistan
eastwards to Japan and the Ryukyus. The

Accepted: November 11, 2013

BEZHM 203 11 A 11 H

species’ distribution in Taiwan was not
documented (e.g. Su 2000; Liu et al. 2006, 2009),
except in the monographs of Du Puy and Cribb
(1988, 2007). However, Ying (1990) questioned
Du Puy and Cribb’s conclusion because no
voucher was cited in their publications (Du Puy
and Cribb 1988, 2007).

On October, 2009, we collected an
unknown orchid in southeastern Taiwan. Based
on its heterotrophic and morphological traits, the
newly found plant was carefully determined to
be C. macrorhizon Lindl. As such, our discovery
becomes prove that C. macrorhizon Lindl. exists
in Taiwan. Herein, we provide a description, line
drawing and color photos of the species.

Taxonomy Treatments

Cymbidium macrorhizon Lindl., Gen. Sp.
Orchid. Pl. 162. 1833.

Yoania aberrans Finet, Bull. Soc. Bot. France 47:
274. 1900.

Cymbidium aberrans (Finet) Schltr., Repert.
Spec. Nov. Regni Veg. Beih. 4: 264. 1919.

Cymbidium macrorhizon var. aberrans (Finet)
P.J. Cribb et Du Puy, Gen. Cymbidium, ed.
2: 330. 2007.

KARR Figs. 1-3
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Fig. 1. Cymbidium macrorhizon Lindl. A: Habit. B: Flower. C: Sepals and lateral petal. D: Lip (flattened).
E: Column. F: Anther and pollinia. G: Capsule.
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Fig. 2. Cymbidium macrorhizon Lindl. A: Habit. B: Flower. C: Capsule.

Fig. 3. Distribution map of Cymbidium macrorhizon Lindl. in Taiwan.

Cymbidium macrorhizon Lindl.
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Small, terrestrial herbs, only visible above
ground in flowering. Root nearly absent.
Rhizome subterranean, fleshy, whitish, ca. 8 mm
in diameter, tuberculate. Tubercles closely
spaced, with short hairs or scales. Scales scarious,
often disintegrating leaving an indistinct scar.
Pseudobulb and leaf absent. Scape 15-20 cm
long, erect, with 3-6 flowers, usually terminal on
rhizome; peduncle covered with (1-)4 sheaths
above ground; sheaths 13-27 mm long, ovate,
with a cylindrical sheathing base and a loosely
sheathing; bracts 2-17 mm long, oblong to
lanceolate, acute, somewhat keeled, becoming
scarious. Flower 3-4 cm across; rachis, pedicel
and ovary 10-20 mm long, pale green to cream,
often tinged with pink or purple. Tepals cream to
pale yellow or brownish-pink with a diffuse,
central, purple-red stripe to near the apex. Sepals
ca. 15 mm long, narrowly obovate to
oblanceolate, acute; Petals ca. 14 mm long,
narrowly elliptic, oblique, acute, usually porrect
and covering the column. Lip ca. 14 mm long
when flattened, rhombic or ovate to oblong in
outline, subentire 3-lobed; side-lobes minute,
acute to subacute at the apex; mid-lobe triangular,
acute to obtuse, the margin usually slightly
undulating; callus ridges 2, convergent towards
the apex, forming a tube-like structure at the base
of the mid-lobe; white with purple-red spots on
the mid-lobe and purple-red spots or stripes on
the side-lobes; callus ridges white, sometimes
pink. Column ca. 10 mm long, slender, arching,
narrow; white, or slightly purple-pink above;
anther-cap cream; pollinia 4, broadly ovate, in
two unequal pairs. Capsule fusiform to

ellipsoidal, pedicellate, erect.

Phenology: Flowering June to October.
Fruiting August to November.

Distribution: Pakistan, N India, Myanmar,
SE China, Thailand, Laos, Vietnam, Korea,
Japan, and the Ryukyus; Taiwan, at low
altitudinal mountains about 800 m in
southeastern part of the island, under pine or

broad-leaf forests.

Specimens examined: TAIWAN: Taitung
Co.: Neibenlu ancient trail, ca. 800m, Nov. 11,
2009. Yang, C.-J. 330, 559 (TNU); same loc., Jul.
21, 2010. Yang, C.-J. 694 (TNU).

Notes: Cymbidium macrorhizon Lindl. was
sometimes regarded as two species, C. aberrans
(Finet) Schitr. and C. macrorhizon Lindl. (e.g.
Motomua et al. 2010). The former differs from
the latter in lacking purple coloration on whole
plant, having not fully open flowers, and having
an almost entire lip. Our discovered plant in
Taiwan displays the intermediate morphology.
To be more precisely, the open degree of flower
and lip shapes of the newly found plant are
closer to that of C. aberrans (Finet) Schltr.,
whereas the floral coloration are closer to that of
C. macrorhizon Lindl. Regardless of the
taxonomic issues of the species, the plant we
found in Taiwan is herein recognized as C.
macrorhizon Lindl. in a broad sense.

In Taiwan, the newly recorded species was
first collected in late October, 2009 when it was
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at the end of the flowering season and only few
individuals were found. We revisited the same
locality in July 2010 and estimated that their wild
individuals might be fewer than 50. Considering

Cymbidium macrorhizon Lindl.

Endangered (CR) in Taiwan according to the
criteria of IUCN (2001). In Japan, the species
was also included in the red list and categorized
into Endangered (EN) (Yahara and Nagata

the confined distribution and small population 2003).
size, this species was assessed as Critically

Table 1. Overview of newly discovered mycoheterotrophic plants in Taiwan in recent years

Taxa

References

Burmanniaceae

Burmannia cryptopetala Makino ®

Thismia huangii P.Y. Jiang & T.H. Hsieh®

Thismia taiwanensis S.Z. Yang, R.M.K. Saunders & C.J. Hsu*
Orchidaceae

Aphyllorchis rorundatipetala C.S. Leou, S.K. Yu & C.T. Lee®

Didymoplexis micradenia (Rehb.f.) Hemsl.®

Epipogium aphyllum (F. W. Schmidt) Sw.®

Epipogium kentingensis T.P. Lin & S.H. Wu?

Gastrodia albida T.C. Hsu & C.M. Kuo?®

Gastrodia callosa J.J. Sm."

Gastrodia clausa T.C. Hsu, S.W. Chung & C.M. Kuo*

Gastrodia confusoides T.C. Hsu, S.W. Chung & C.M. Kuo*

Gastrodia flexistyla T.C. Hsu & C.M. Kuo?

Gastrodia nipponica (Honda) Tuyama "

Gastrodia shimizuana Tuyama®

Gastrodia sui C.S. Leou, T.C. Hsu & C.L. Yeh*

Gastrodia theana Aver.®

Gastrodia uraiensis T.C. Hsu & C.M. Kuo?

Lecanorchis amethystea Y. Sawa, Fukunaga & S. Sawa®

Lecanorchis nigricans Honda var. yakushimensis T. Hashim .”

Lecanorchis latens T.P. Lin & W.M. Lin®

Lecanorchis subpelorica T.C. Hsu & S.W. Chung”

Lecanorchis suginoana (Tuyama) Serizawa °

Lecanorchis trachycaula Ohwi®

Lecanorchis virella T. Hashim. °

Lecanorchis triloba J. J. Sm.®

Yoania amagiensis Nakai & F. Maekawa var. squamipes

(Fukuyama) C.L. Yeh & C.S. Leou®

Triuridaceae

Sciaphila arfakiana Becc.®

Sciaphila maculata Miers®

Hsu et al., 2005
Chiang and Hsieh, 2011
Yang et al,, 2002

Hsieh er al, 2013
Hsu and Chung, 2007
Chung and Tzeng, 2001
Lin and Wu, 2012
Hsu and Kuo, 2011
Hsu and Kuo, 2010
Hsu et al, 2012

Hsu et al, 2012

Hsu and Kuo, 2010
Hsu and Kuo, 2010
Chung and Hsu, 2006
Yeh et al., 2011
Hsieh et al, 2012
Hsu and Kuo, 2010
Hsu and Chung, 2010
Hsu and Chung, 2010
Lin and Lin, 2011
Hsu and Chung, 2010
Hsu and Chung, 2009
Hsu and Chung, 2010
Hsu and Chung, 2009
Hsu and Chung, 2009
Yeh et al., 2006

Hsieh et al, 2003
Hsieh et al., 2003

®new species; bnewly recorded; ‘rediscovered.
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Mycoheterotrophic plants are partly or
entirely non-photosynthetic plants that obtain
energy and nutrients from fungi. In the world,
there are more than 400 fully mycoheterotrophic
species from nine families in monocots and
dicots (Lee Taylor 2004). In Taiwan, 36 fully
mycoheterotrophic species from five families, i.e.,
Burmanniaceae, Orchidaceae, Petrosaviaceae,
Pyrolaceae, and Triuridaceae, were formerly
reported in Flora of Taiwan second edition
(Boufford et al. 2003).
mycoheterotrophic plants are only visible in a

Because  fully

short period of time when their flowers or fruits
emerge from the substrate, the discovery of this
kind of plant often represents the effort of
botanical inventory in a local region. Since the
completion of Flora of Taiwan second edition in
2000, plant taxonomy and botanical inventory of
Taiwan entered a new era. During the past
decade, the fully mycoheterotrophic flora of
Taiwan enriched rapidly, approximate 30 new
species and new records have been added (Table
1). So far over 60 fully mycoheterotrophic
species were recorded in Taiwan, which is
concordant with the conclusion of Merckx et al.
(2013) that Southeast Asia represents the highest
diversity of fully mycoheterotrophic plants in the
world.
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