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Abstract

The genus Spergularia (Caryophyllaceae) and its species S. marina (L.) Griseb. are newly recorded
in Taiwan. Morphologically, S. marina can be easily distinguished from other Caryophyllaceae species in
Taiwan by having glandular-hairy habits, linear, fleshy, decussate leaves, sheath-like stipules, pinkish

petals, trifid styles and three-valved capsules.
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A& 2011 > B2 ERH] S. salina J. Presl &
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155 Ei15 J&5 5B (Boufford et al. 2003; Yang et al.
2008; Huang 2012) » $UPAA SCHGE S &1 2 #7
FoEkE ~ o R AHRR 2 P REHEA ~ [
DU oy FRsl A REERER 2 Fa -

S Fa R FE

Spergularia (Persoon) J. Presl & C. Presl, Fl.
Cech. 94. 1819. HERHLB

Spergularia marina (L.) Griseb., Spic. FlL
Rumel. 1: 213. 1843, &G, & 1-2
Basionym: Arenaria rubra L. var. marina

L., Sp. Pl. 1:423. 1753.
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Homotypic synonym: Arenaria marina (L.)
All, Fl. Pedem. 2: 114. 1785.

Type: EUROPE, Herb. Clifford: 173,
Arenaria 3, sheet B (lectotype: BM- 000628543),
designated by Rossbach (1940).

Heterotypic synonym: Spergularia salina J.
Presl & C. Presl, Fl. Cech. 95. 1819. — Type:
CZECH, C.B.Presl s.n., s.d. (PRC).
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53t 9E & i 5% Spergularia salina J. Presl & C.
Presl /7 55 IEffE 2244 (Rabeler and Hartman 2005;
E2011) > ATREZEER S. salina 2 5§55 (Presl
and Presl 1819) 7P #T#H &% S. marina $2HH#HY
A (Grisebach 1843) 5 {H A& SCE & [ &
Rossbach (1940).Zaw » “marina” i F-#% H
TEREREEER L2 1785 H#5£ 1 Arenaria
marina (L.) Al » {353 salina” o KL » (& H5
WRF a4k (Melbourne Code).Z Art. 11.4 {5
SC o TAEART @ N ooy KR 2 (EHE AR - FRAEIR]
R RERE Z I POk L iR R A B AR B
IEHEB A A 1 (MeNeill 2012; &5
2013) > “Spergularia marina (L.) Griseb.” [t —#H
BHEGBERRIL Z (EHE2 A o H—22 A
(1 LA 2 a4 22 b WA (51T FE 4 RE
(IS > R SRR I S, marina B S.
salina £ fH[FIY)f#E (Rossbach 1940, Rabeler and
Hartman 2005, Lu and Rabeler 2001, = 2011)°

Fig. 1. Habitat of Spergularia marina (Choutzuwei, Wugu District, New Taipei City).
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Fig 2. Morphology of Spergularia marina. A: Habit. B: Young inflorescence. C: Stipule. D: Flower. E:
Capsule. F: Dehiscent capsule. G: Seeds. Scale bars: A=5 cm; B-F =5 mm; G =1 mm.
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Abstract

Two newly recorded fern species, Hymenophyllum palmatifidum (Mull. Berol.) Ebihara & K. Iwats.

(Hymenophyllaceae) and Oreogrammitis caespitosa (Blume) Parris (Polypodiaceae), were found in the
foggy forest region of southeastern Taiwan. Their morphological descriptions and illustrations are

presented.

W %
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AR
palmatifidum (Miill. Berol.) Ebihara & K. Iwats. *» EERE} E@Tﬂ@‘{ﬁfﬁlﬁ (Oreogrammitis caespitosa
(Blume) Parris » /KFEEE}) » Wi PR UL RERME B & o
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Introduction

During our recent field investigation in
Taiwan, we discovered two new fern species,
Hymenophyllum palmatifidum (Muall. Berol.)
Ebihara & K. lwats. (Hymenophyllaceae) and
Oreogrammitis  caespitosa (Blume) Parris
(Polypodiaceae). Both species were discovered
in the foggy and mossy forests in the southern
part of the Central Mountain Ridge, a
well-known main habitat of several rare and
endangered ferns in Taiwan that hosts the most
grammitid ferns and a series of filmy ferns
(Moore 1999, 2000a, 2000b, 2001, Moore et al.
2003). Most of the species found in this region,
including the two newly recorded ones, are
inhabitants of tropical Asian montane forests
with their northernmost distribution in Taiwan.
Our recent discoveries (Hsu et al. 2014, Hsu et
al. 2015) add to the understanding of fern
diversity in the southern Central Mountain
Ridge and southern Taiwan’s floristic
connection with the tropical southeastern Asia.
Herein, morphological descriptions, illustrations,

Accepted: October 30, 2015

B2 HBA - 2015410 H 30 H

taxonomic and ecological notes of H.
palmatifidum and O. caespitosa are presented.
Their threatened status based on IUCN
categories (IUCN 2001, 2003) are evaluated as

well.

Taxonomic Treatments

(1) Hymenophyllum palmatifidum (Mill.
Berol.) Ebihara & K. lwats., Taxon 53(4):
941. 2004. E#KHIEEIR Fig. 1.
Basionym: Trichomanes palmatifidum Miill.

Berol., Bot. Zeitung (Berlin) 42: 732. 1854.
Type: INDONESIA. Java: Zoéllinger 1722

(holotype: B photo!; isotypes: K, L, P photo!).
Synonyms: Trichomanes digitatum Sw. var.

palmatifidum (Mull. Berol.) Hook. & Baker, Syn.

fil. 76. 1867. — Gonocormus palmatifidus (Mall.

Berol.) Prantl, Unters. Morph. Gefésskrypt. 1: 51.

1875. — Microtrichomanes palmatifidum (Mdill.

Berol.) Copel., Philipp. J. Sci. 67: 36. 1938. —

Sphaerocionium palmatifidum (Mill. Berol.) K.

Iwats., J. Fac. Sci. Univ. Tokyo, Sect. 3, Bot. 13:

211.1982.
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Fig. 1. Hymenophyllum palmatifidum (Mull. Berol.) Ebihara & K. Iwats. (from T.C. Hsu 7150). A: Habits
in situ. B: Habit. C: Fertile lobe of lamina, showing the forked marginal setae and obconical involucres.
Scale bars: A-B =1 cm; C = 1 mm. Photographs by T.C. Hsu.
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Morphology: Rhizome long creeping,
filiform, wiry, with simple, brown, downy hairs.
Stipe 12~25 mm, very slender, wingless, with
sparse brown hairs. Lamina ca. 10~20 mm x
1~1.5 mm, flabellate or obovate, dichotomously
branched, often without an distinct rachis; lobes
up to 10 mm long, 1.5~2 mm wide; margins
setiferous, setae golden brown, stiff, usually
basally forked, rarely simple, ca. 0.5 mm long;
midribs glabrous or very sparse setiferus
adaxially, sparse to scattered setiferus abaxially,
setae usually simple, occasionally forked. Sori
sunken in apices of lobes; hollow part of
involucres obconical; mouth slightly 2-lipped,
lips semiorbicular.

Distribution: Indonesia, Malaysia, New
Guinea and Taiwan.

Habitat: Epiphytic on the shaded side of a
trunk near tree base in a foggy and mossy
broadleaved forest at ca. 2100 m elev.

Conservation status: CR [D1]. In Taiwan,
only a single small population covering ca. 20 x
40 cm? area of a tree trunk was found. The
population is threatened by frequently occurring
landslides that could directly destroy its habitat
or cause extreme habitat fragmentation.

Voucher specimen: TAIWAN. Taitung
County: Jinfong Township, from Mt. Peitawu to

New Additions to the Fern Flora of Taiwan

Mt. Payusen, 2 Jun 2014, TC Hsu 7150 (TAIF).

Note: Hymenophyllum palmatifidum
belongs to a group of species formerly placed in
the genus Microtrichomanes and characterized
by cup-shaped involucres and dichotomous
fronds with neither false veinlets nor
specialized cells (Copeland 1938, Iwatsuki 1975,
Ebihara et al. 2004). However, most species,
including Microtrichomanes palmatifidum, were
found deeply nested within Hymenophyllum
according to molecular data and hence
transferred to Hymenophyllum (Ebihara et al.
2004). The discovery of H. palmatifidum in
Taiwan greatly extends its northern boundary of
distribution and also strongly suggests that the
species also occurs in the Philippines which now
represents a gap among its known distribution
range.

Morphologically, H. palmatifidum resembles
H. digitatum and H. nitidulum, also former
members of Microtrichomanes, in sharing
slender, wiry stipes and flabellately or
dichotomously branched fronds. A key to the
closely allied species of H. palmatifidum as well
as the main frame for all known members of
genus Hymenophyllum in Taiwan is presented
here (cf. Ebihara et al. 2004, 2006, Liu et al.
2013, Tsai and Shieh 1994):

1a. Blades glaucous or covered with whitish multicellular hairs.
.................. Subgenus Pleuromanes [&5E# it 8]
.................. H. acutum (C. Presl) Ebihara et K. lwats. [ E K]
.................. H. pallidum (Blume) Ebihara et K. Iwats. [TE5£#%]

1b. Blades neither glaucous nor covered with whitish multicellular hairs. ... 2

2a. Stellate hairs present on blades.
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2b.

3a.

3b.

4a.

4h.
5a.

5b.
6a.

6b.

Ta.

7b.
8a.

8b.

.................. Subgenus Sphaerocionium

.................. H. pilosissimum C. Chr. [ E/EH%)

Stellate hairs absent 0n blades. ........c.oouiiriiiiiiiii i e aeee 3
Involucre lips usually enlarged and somewhat bivalvate, but not deeply cleft; involucres obconic or
rarely campanulate, blades digitately or dichotomously branched.
............................................................................................... 4. Subgenus Sphaerocionium
Involucre lips bivalvate, usually deeply cleft towards bases or nearly so; involucres rounded, ovate,
elliptic, or rarely tubular; blades pinnately dissected. ... e L
Marginal setae absent.

.................. H. nitidulum (Bosch) Ebihara et K. Iwats. [l 1] (old fronds)

Marginal SEtAE PIESENL. ... .uiuee ettt et e e ee D
Marginal setae unicellular, < 0.2 mm.

.................. H. digitatum (Sw.) Fosberg [+8 2441 1 FRR

Marginal setae multicellular, > 0.3 mm. ..ot e O
Marginal setae scarce, simple.

.................. H. nitidulum (young and mature fronds)

Marginal setae frequent, usually basally forked.

.................. H. palmatifidum (Miill. Berol.) Ebihara & K. Iwats. [ZE#5HH 1 F#K]

Margins of blades entire.

.................. Subgenus Mecodium [ i 51 & ]

.................. H. badium Hook. et Grev. [#&ik]

.................. H. fimbriatum J. Sm. ex Hook. [&% 3 #& k]

.................. H. javanicum Spreng. [JTUE:#& K]

.................. H. oligosorum Makino [ #& 5]

.................. H. paniculiflorum C. Pres| [[EI# %185 5K]

.................. H. polyanthos (Sw.) Sw. [HlIZE#5 K]

.................. H. productum Kunze [Fa7EEE R

.................. H. taiwanense (Tagawa) C.V. Morton [Z# 551k ]

Margins of blades toothed. ...........ooiiii i
Involucres mainly rounded or ovate; receptacles included in involucres.

.................. Hymenophyllum group [[J&#%#£] of Subgenus Hymenophyllum [ &)
.................. H. barbatum (Bosch) Baker [ B €]

.................. H. devolii M.J. Lai [ SRR

.................. H. simonsianum Hook. [# /%]

Involucres ovate, elliptic or tubular; receptacles far extruded out of involucres.
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.................. Meringium group [JEEER##F] of Subgenus Hymenophyllum

.................. H. blandum Racib. [JTUH: JEEERK]

.................. H. denticulatum Sw. [JEE£HK]

.................. H. holochilum (Bosch) C. Chr. [ :EBERK)

(2) Oreogrammitis caespitosa (Blume) Parris,
Gard. Bull. Singapore 58(2): 257. 2007. 7%
ERRR Fig. 2.

Basionym: Grammitis caespitosa Blume,
Enum. PI. Javae 2: 115. 1828.

Type: INDONESIA. Java: Mt. Gede, 7
Jan 1913, Matthew s.n. [neotype: K photo!,
designated by Parris (1983)].

Morphology: Rhizome dorsiventral, stipes
in two rows, not articulated to rhizome, densely
scaly. Scales 2~3 mm x 0.2~0.3 mm, yellowish
brown, glabrous, not clathrate. Stipes 10~30
mm x ca. 0.5 mm; setae on stipe dense, pale
yellowish, simple or forked, 0.1~0.2 mm long.
Laminae 2~9 cm x 0.3~0.6 cm, linear-lancelate
to linear-oblanceolate, acute to acuminate at
apex, cuneate to long-attenuate at base, entire;
setae dark reddish, simple, 0.1~0.4 mm long
sparse on margin and very sparse on abaxial
midrib; midrib immersed adaxially, slightly
prominent abaxially, almost concolorous or
slightly darker than lamina; lateral veins
obscure (occasionally visible in old fronds),
1-forked, ending with small hydathodes on
adaxial surface, acroscopic branch sometimes
extending beyond sori. Sori circular to elliptic,
in apical 1/3~2/3 of lamina but not immediately
below the apex, 1 row each side of midrib,
2~16 in each row, approximately midway
between margin and midrib, deeply sunken in

steep-sided pits with sometimes slightly
elevated rims, slightly elevated adaxially;
sporangia glabrous or with 1~2 setae at apices.

Distribution: Indonesia, Malaysia (Sabah),
the Philippines and Taiwan.

Habitat: In a foggy and mossy
predominantly broadleaved forest (with scarce
Chamaecyparis formosensis Matsum.) at ca.
1800 m elev., typically found epiphytic on
moss-covered small- to medium-sized branches
along semi-open stream valley.

Conservation status: EN [D1]. Only a
single locality has been found in Taiwan with an
estimated 50~250 mature individuals. No
obvious threat is currently detected, but the
habitat condition should be continuously
monitored since such kind of cloudy forest is
often thought to be especially vulnerable to
climate change (Markham 1998, Foster 2001).

Voucher specimens: TAIWAN. Taitung
County: Beinan Township, Ketepola Stream, 5
Feb 2013, Y.H. Chang 20130205-044 (TAIF);
same loc., 16 Feb 2015, T.C. Hsu 7463 (TAIF).

Note: The materials found in Taiwan
agree well with the description from New
Guinea (Parris 1983) and the specimen
collected from Java (C.W. Chen 2009, TAIF)
except for higher ratio of glabrous sporangia.
This distinction is temporarily regarded as
regional variation.
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Fig. 2. Oreogrammitis caespitosa (Blume) Parris (from T.C. Hsu 7463). A-B: Habitat and habit in situ. C:
Habits. D-F: Lamina; D, adaxial view; E, abaxial view, with immature sori; F, adaxial view in transmitted
light, showing venation. G: Rhizome and scales. H: Stipe. |I: Marginal setae. J. Mature sori. Scale bars:
B-F =1 c¢cm; G-J = 1 mm. Photographs by T.C. Hsu.
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Based on frond dissection, the grammitids
having simple, linear or lanceolate fronds with
circular to somewhat elliptic sori. They were often

treated under a broad-sensed genus Grammitis Sw.

in the past (ex. DeVol 1975, Shieh et al. 1994,
Zhang 2000), and comprised at least 150 species
(Copel and 1947). After several taxonomic works
on the grammitid ferns in the latest 20 years (ex.

Hirai et al. 2011, Kessler et al. 2011, Labiak et al.

2010a, 2010b, Parris 1997, 1998, 2007 and 2013,
Perrie and Parris 2012, Ranker et al. 2004,
Sundue 2010a, 2010b, 2013, Sundue et al. 2010,

New Additions to the Fern Flora of Taiwan

2012), a whole new scheme for all grammitids
with more than 20 genera (Parris 2010) is formed
step by step, and Grammitis s.str. becomes a
small genus of ca. 23 species with blackish
sclerotic lamina margins (Parris 2007).

Materials of Grammitis s.l. collected in
Taiwan belong to two genera, i.e. Oreogrammitis
Copel. and Radiogrammitis Parris, according to
the new scheme just mentioned above. A key to
distinguish the grammitid species with simple
fronds in Taiwan is presented here (cf. Moore
and Parris 2013, Parris 2010, Shieh et al. 1994):

1a. Sori linear, somewhat parallel to midvein and sunken in grooves in lamina.

.................. Genus Scleroglossum [ZE 5 5% &

.................. S. sulcatum (Kuhn) Alderw. [ %] (= S. pusillum; auct. Taiwan.)

1b. Sori circular to broadly elliptic, superficial or slightly sunken in broad shallow pits in lamina. .........2

2a. Rhizomes dorsiventral, stipes in two rows.

........................ 3. Genus Oreogrammitis (the simple-frond part) [/ K% /&]

2b. Rhizomes radial, stipes in whorls.

.................. 8. Genus Radiogrammitis (the simple-frond part) [#&K 5% /&

3a. Both surfaces of lamina glabrous; sori sunken in pits in lamina. .............cccceevvivinininiiicin e 4

3b.The degrees of hairiness on laminae varying from nearly glabrous to densely hairy just depending on

SPECIeS; SOTT SUPCITICIAL .. .ottt st sttt e e e

5

4a. Stipe 1~3 cm, sori deeply sunken in pits with steep sides and sometimes slightly elevated rims.
.................. O. caespitosa (Blume) Parris [/ & Kk

4b. Stipe < 0.5 cm; sori sunken without steep sides or distinct rims.
.................. 0. nuda (Tagawa) Parris [ fE7& K K]

5a. Lateral veins visible clearly on upper surface of lamina.
.................. O. reinwardtii (Blume) Parris [E& K]

5b. Lateral veins hidden and not prominent on either surface of lamina. ..........ccccoeervienvinisinininn e 6

6a. Mature lamina glabrous or nearly glabrous with very sparse hairs.
.................. 0. adspersa (Blume) Parris [4=E /& Kk
6b. Mature lamina with hairs wholly or at least on midrib. ...................ciivininvrereriieie e 7

7a. Lamina usually less than 6 cm; stipes very short, ca. 5 mm long; frond hairs less than 1 mm long
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(0.1-0.2 mm); sporangia glabrous.

.................. O. dorsipila (Christ) Parris [FE147& KJ#%] (= Grammitis fenicis; auct. Taiwan.)
7b. Lamina usually more than 8 cm; stipes 8-40 (-50) mm long; frond hairs longer and up to 1.2 mm long;

sporangia setose.

.................. O. congener (Blume) Parris [ 52 K K]

8a. Marginal hairs of lamina solitary.

.................. R. setigera (Blume) Parris [[IZE#& K] (= G. intromissa)

8b. Marginal hairs of lamina solitary and/or in tuft. ......... ...

9a. Rhizomes without scales; marginal hairs pale to medium reddish brown, tufted, in 2 lengths.
.................. R. alepidota (M. G. Price) Parris [ i R ik
9b. Rhizomes with scales; marginal hairs dark reddish brown, solitary and/or tufted, all in the same length

Q) 81 11 T TR OSSR

.. 10

10a. Vein endings with hydathodes on adaxial side of lamina; veins 1-forked, branches usually equal in

length.

.................. R. moorei Parris et Knapp [ FCiiE R ik]
10b. Vein endings without hydathodes on adaxial side of lamina; veins 1-forked, acroscopic branch much

shorter than basiscopic one.

.................. R. taiwanensis Parris et Knapp [Z{##§ K %] (= G. jagoriana; auct. Taiwan.)
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Abstract

Toxoplasma gondii is an important zoonotic agent that can infect all species of birds and mammals.
Toxoplasmosis should be an important research subject in Taipei Zoo for the large number of animals the
Zoo houses and visitors it receives all year-round. Muscle samples from dead animal bodies covering 171
individuals from 89 species were collected in Taipei Zoo from 1999 to 2001. DNA was extracted and the
toxoplasma B1 gene was amplified using semi-nest polymerase chain reaction. Further gene sequencing
and gene aligning and analysis were performed for the positive samples. There were 14 animals (8.2%)
showing suspected positive PCR results, including seven nicobar pigeons (Caloenas nicobarica), one
victoria crowned pigeon (Goura Victoria), one southern cassowary (Casuarius casuarius), one great
flamingo (Phoenicopterus ruber), one lesser flamingo (Phoenicopterus minor), one Chilean flamingo
(Phoenicopterus chilensis), one eastern gray kangaroo (Macropus giganteus) and one domestic rabbit
(Oryctolagus cuniculus). Among these 14 samples, two samples, specifically from gray kangaroo and
victoria crowned pigeon, were successfully sequenced and confirmed to be afflicted by Toxoplasma
gondii. The study proved the occurrence of toxoplasma infection in animals in Taipei Zoo, and the result
can be used as a reference for disease diagnosis and prevention.
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BRIIRE B A RS AT A A BRI R AR L » L
HAE SR e B TR E S A 0 CHRR
BV 5 0% mh % 6 AR R A A T A —
H:A%78 1 (Dubey 2009) © 34+ » BPIEAYIE
B2 o BEIR R R BN 2 B S 0 ARG
IF > 2B AERIRIENR - (HifFgeaH » H—uk
Vot 5 = A b AL s R REUR 5 | 3% i EELE
IR > Bl LB Rl (Macropodidaes) LA K ABFE H
(Columbiformes)&)¥7) (Moré et al. 2010; Miller
et al. 2003; Dubey et al. 2002) -

S a2 T EEREE LR ahakis
W ELFE SR I B A5 ekt o2 A T R I I 2
P2l e END R A AR M2 1gM BT
i o 2/hNEBEEREERRG A —BERBR
FZBE K TR A o 3.6 55550 S 1 BR st 5
alBE o W EZEAEHE - 4. RE R
(Immunofluorescence Assay, IFA) ~ Szt sk
(immunodiffusion) J % 2 #H #% 1k 22 4% 1k
(Immunohistochemistry , IHC) o 5. 258U )%
T B (enzyme-linked immunosorbent assay,
ELISA) B % &5 i 38 $6 [ & J7 1% (polymerase
chain reaction, PCR) (%% 2009) °
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E% 529bp K]\ element (Homan et al. 2000)#%
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EEAR R
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2000R L ToxoB1 1995R)E%522% ij A ZHHf52
Mk (Sakae et al. 2012) » LI IR A iE
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1. VKT REUREATE AR A © M: 100 bp BRIREEEE 5 P B PRSI 5 N: BETEEIR S Lane 1 B
K s Lane 2: /MRS  Lane 3: #EZ FIRRTEAE + Lane 4: #%35488 : Lane 5 BRI AHALES : Lane 6; %Y
FIRLHES 5 Lane 7: JKESEL 5 Lane 8: #kEA8 (AIAERE) -

Fig. 1. The suspected positive PCR samples. M: 100 bp ladder marker; P: positive control; N: negative
control. Lanel: southern cassowary; Lane2: lesser flamingo; Lane 3: victoria crowned pigeon; Lane 4:
nicobar pigeon; Lane 5: great flamingo; Lane 6: Chilean flamingo; Lane 7: gray kangaroo; Lane 8:
nicobar pigeon (different individual).

2. BUKDITEEEIZTEZ AR - M: 100 bp BEIREFRS 5 P: PRSI 5 N: BEPESIE ; Lanel &
Lane 5: NFAEFRIA%EG 5 Lane 6: L o

Fig. 2. The suspected positive PCR samples. M: 100 bp ladder marker; P: positive control; N: negative
control. Lanel-5: different nicobar pigeon individuals; Lane 6: domestic rabbit.
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10 20 30 40 50
F9  TGCACCTTTCGGACCTCAACAACCGTGCAAAAGGATCGCCATCTGGTGTC 50
12 Covvin 41
60 70 80 90 100
F9  TCTTCAAGCGTCAAAACGAACTATCTGTATATCTCTCAAGGAGGACTGGC 100
L 91
110 120 130 140 150
F9  AACCTGGTGTCGACAACAGAACAGCTGCAGTCCGGAAATAGAAAGCCATG 150
L 141
160 170 180 190 200
F9  AGGCACTCCAACGGGCGAGTAGCACCTGAGGAGATACAAACTGCTAAACG 200
D/ 191
210 220 230 240 250
F9  GTCCGGGTGAAACAATAGAGAGTACTAGAACGTCGCCGTTACTGCCCAGT 250
D/ 241
260 270 280 290 300
F9  TGTCATGCCATTGACGTAGACCCAGAAATGAGGCGAGAAATTAATATTGT 300
122 275
F9 T 301

122 -

3. DNA GEJFAEIR o FO: #EZ FREas 5 122: IAREL o BIRFFIRCRAH RIS » MeHTiRis 122 %€
et RIS RL T vk PIRE £ etk

Fig. 3. The DNA sequencing result. F9: victoria crowned pigeon; 122: gray kangaroo. The dot symbolizes
the same deoxyribonucleic acid base and the dash symbolizes clutter signal whose base could not be read.
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i

By R X — I AR B e ) o il 4 K ) 3
77 RS AT IEMYIREIHET - (ERE] 88
£ 90 FRFEMARABNELEEA » AR
NBFEE A E) > 1~ 2 HFI7~8 AW
NN AL A (7% o Gt R ar 2T - RIR
FIEA 5 I 12 = 9% &k U & (oocyst) 11 /& ft
(sporulate) » N HiAFZE thER{E 6°C-36" CHUER
Bith > SAEsINEEN] LIfFIE% 46 K (Dubey
2009)» (I Ik = 5% A1 A\ FIED ) 2 [l (545 12 fiE
1F 0 BN LA 3R -

= ARk SR G Y A BB B R B R E Y &
BRI IL TR o SZ TR EIY) T RE HH B A R IR
FEARELEE © R0 ~ FROR IR ~ TEB) ) T RE ~ #8
RIS ~ IRE SHFS IS (Miller et al. 2003) ©
LA BRI 4% B G 75 A i iy HE BT RZ 128
SRIETC (Moré et al. 2010) © A5 H BhPEG 5
I mb P R IER IR LTS A ~ 1R
L B AR 2y - R e AR
B BN 5 ERIE (Dubey 2002) © 5 &3iE A] LL{5 F
sulfadiazine-pyrimethamine 3¢ clindamycin 25
& (Miller et al. 2003) o A& B ffr i HH A KRR AR
Bl 25 FI|nn et oy » BERIE T RHIMIER ARIER A
A% > (HE RS RIS 7 Il gt - AE
BRI BRI B LA BRI 2% o
HHRA R FE 2 A 1999-2001 A& LTz E)
YIIEAF 2 LB IR B A » B IREIl K 7% [
F SRR Z F o SR A BTG ACRE R
15 IR B 2 > BRILAAHESRSE - )
P bk B REL R, B A R A7 T 71 5 8 SE U R B
A DIFIAaZE 2 -

N FRE R A MR TN
/B 419 bp 0 BRDIGTERREES PCR EEYIA/IN
PIEAT 419 bp B SOBREEEUG1E < KER7>

R PR BN R KB PCR MM H AR ZEY)
B 2 (BB HGE) » B ISR LA
TP o 38 A LA 2 §E Rk RE Fe i B I E BB VKB
R RIEASEIEEE(E 1 Lane 3 and 7) © 1
PCR i e &/ i [t K ] RE 2 A% WL A ER AT
AN & 0 = ki A 2 R AR © HoAthE ek
FACER Jirt AT 72 KT 55 RE e 98 Meg Bl BV K 26 Bl LA
FH > HEW PCR ZEVIFE B — F ERIEY) ° (BfER
B B A A E— R — (A {5 8 th
ST BT E - AR A G o 1
T PR AL SRR 1 B P B AR B AT DATS B —
I Bh V) &G rTREAI MR » e 8 ok A e ) 38
7 o

7E B B Y)Y R AR BRI #fE 2 B 5 e /S Y
Fe 9IS LT o3 A7 > S8 BB — RH & % = 3
(Burg et al., 1989) FH{AEE$23L 100% RH
SBERAY | E/ N I SR S Ho Al
o {1 356 AT AR - L ERTRY 11 AL KT 11 (Su et al.
2006 ) o HI RS A RTE 2 Fll 5 7 ol AH 8k A
IR = 5 a2 5 B S BN 1> BT H
fih 3 B 75 1k LA R AR G0 5 WL g aE - B -
multilocus PCR-RFLP markers (Su et al. 2006)
3¢ microsatellite markers (Ajzenberg et al.
2005) » i& s H ekt A nl LIRSS I 771 -

W E SRR (de Camps et al. 2008; Choi et al.
1987; Murata 1989; Sedlak and Bartova 2006;
Silva et al. 2001) #tB)Y)EIHY 5 5% R/ AR A
DM 7555 - PCR 2 A B — )2
S (RS IR RAEIR S T - #EBe RS E
St RiEZ22 2 (Basso et al. 2005; Harrison
et al. 2007; Kenny et al. 2002; Sedla’k et al.
2004) » [AIFRE /T &L A IR LS & (Basso et al.
2007) ~ f%FEEE (Harrison et al. 2007; Kenny et
al. 2002; Peléez et al. 2011; Sedla’k et al. 2004)
FIAEP) 34T (Pena et al. 2011) L [RIZ2H -
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1t de Camps “&{F& 1B BIYE BP0
HEE S R A T o A R BB 2R
% 61.8% (de Camps et al. 2008) ° Murata 775§
B HAEYIE 25 AR MEEATE
2 £ 2 I (Murata 1989) © Parameswaran 2§
TEELL PCR J7 il 1 i sth s A LA )
FIRHARERAS (B ~ /DA > 3830 46 A 12
L5 (Parameswaran et al. 2010) © 38 LA 92 EE
RS B B A AR B PCR
(IS SRAHIE o B2 BAMENY) > Murata (11175 £
A A SR R AL R R S R 5 1 2 L At 5 )
YIFEE (14.8%) (Murata 1989) ; ifi i PCR fiff
FERIRE BB R B RS M A L P A A
VIR 3.7% (3/81) °

AN EFAET AR RIS 2 A - ARF5E
(1 fdz B8 72 16 B8 T Bh W 1) 1L I v 25 B HE Y
DNA > DU 3 AU Gl g8 S AL € Frry 75 X
BB LA AR 5 A% 8 o Lo > AR AT
NSRRI A — € R IMmE BRI TES » A
e ERISERIE N ARG IEE 230 PCR 2
PERG R+ HLATREFTA 5520 B N R AL A7 i
& o B LA RERR R B S AR
fREETL (tissue cyst) » FTLARMEAG I o SHoFER
AR R AR LA » IR LB ERE
PERER - BRI A — B R B B AR F B A L
IS > SRS SR IREETE: > R Eh ) B
(AR I BETE ) o [N LA SR RESIC & 8 4
AT IS EHAIE - FERETE RE SR L BN Y RIBIY) = &
RIS o

N RERE B AR B A A BB 2R
MG S 4 E" A BEHYEY S 5 s nT RS
HAARRRHAR R > e REY R 'R
I OP 5 ) 3R B (Sedlak and Bértova
2006) > K LI e gk S v e ER D 5 8R ad R
B (de Camps et al. 2008) ° {54 £ bk LAY

BBV 5 AR BRI

YRR HE K B RIS (Sedlak and Bartova
2006) * HALTIVRIRSN SRS MIE R IT A
37% (Lin et al. 1998) » {F =% &3 H % I fEwy &=
i o

BHE-RiERELEEEBERHGZ
B (Columba livia) iy = % B4 IIEH —ERY
FEATAR (Tsai et al. 2006)» Hi a8 + F e F
WK B R RS 5 J gt = AR e o E B SE4G
PCR 52 BRIk 205 I — & = I 827 9|
FEZIIHE 2 FIIRE e AR RN T & o

EERNGERTEA YISV A bR
WIE I E ST » AT RS v RE 2 R B A L )
YR &) R oL R R A D RIRIR
S B AR A U BT Y HARVE U 5 1%
& R AT BE B s A Ve T EIIR BT A
AR > e B KB YIIZRE &) 5] 2K B
L AEET IR 5 th 2 RO o DR AdE R SR
HYE (2155 2009) FEREENY) > BRI &
Y R B SR AE B » By I 2150
it (2155 2009) < A SCRRFE I LL 50krads HYRE
SHRGIEET > o] LIARS 57 20 % (Dubey et
al 1996 ; Dubey et al 1998) ° F ¥} FZRIE iR b2
(AR ~ B AT i B ol R 2% s R R U 7 5K
ML 70°C 10 4388 L) | LIFAREH S A (Dubey
2009) °

71 SRR

! http://www.cdc.gov/parasites/toxoplasmosis/

2 http://www.ibms.sinica.edu.tw/core/sequence/
web/main08-3.html#html6_3q6

BIHRAT ~ RIIE ~ 250 ~ BHELE - 2009 < 2
N —ESEEGYE - A\ S s ERw
WRPRFE G158 I < 17 B e i A= F i i il
[RIHHRR © 343-347 H -
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Abstract

To investigate the rarely studied understory vegetation in broad-leaved forest, we tested the degree of
association between understory and overstory vegetation, and explored how understory vegetation is
affected by exogenous environmental factors in forests in Wushyrkeng Area, central Taiwan. Three plots
were set up and the overstory and understory plants in each plot were identified and measured.
Classification analysis of plant communities was conducted to compare species composition between
understory and overstory strata. Data of environmental factors were collected for direct gradient analysis
to explore the relationships between species composition and environmental factors. The results showed
that the total number of species in understory layer was 1.2 times more than that in the overstory layer.
Although plant diversity of the understory layer is lower than that of the overstory stratum within a study
plot, the variations in understory species composition were more apparent than those in the overstory
layer. When all plots are combined, clustering analysis generated three comparable groups (A, B, and C
community types) along altitudinal gradient for each forest layer. However, within a single plot, there was
no significant correlation between the two forest strata, indicating that each forest layer had its own
limited factors after eliminating the effect of elevation. We also found that the patterns of understory
vegetation composition in Wushyrkeng Area was significantly related to overstory trees density; this
result is also consistent with previous studies in which the canopy structure contributed to the
differentiation of understory plant communities.

BRSEER « HAkIE ~ BN - VG ~ BRI B o
Key words: forest strata, herbaceous layer, plant community, clustering analysis, ordination
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& fEP) > Al AT A B A A YRS R

(Gentry and Dodson 1987; Ssegawa and Nkuutu

B AR RER AR DLAR MR R AR AE ) 2006) * #AM » 35 26— F 5 0K T J& (understory

1F 7 AR AR T8 R 3 1 B AT 5 > R layer) o TEETT AR KA A Hr S 208 AR fg i
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METREHE M ELEEE RN LGy
TR RS AR SRR SR ST 2R - PR BEAR
e Bt FE R e TR T AR 22
UL AT BEAH E A AL 8 > NI L B A
FRTEE T B9 A ) EL ok B AR kL i A5 32 5 e B
i > (H@ G ANIE bt S EBRE R
— B e B AN D ARG -
— ik F8FS L B2 AR RN e R & 2 F

I e E W) A4S K B AH B 5 B (Dirzo et al.
1992; Berger and Puettmann 2000; Ford et al.
2000; Barbier et al. 2008) £ & g 2 W)
RENTFASZE LGB EZE A
Dl e s ¥k T R B R &
(Clark et al. 1996; Battaglia et al. 2002;
Bartemucci et al. 2006) ° 7F 1t 3¢ 1 7% 2tk 3
Rt ST RO NN =R R E R o I NG
ACH B W R B TE MR R B A
LW EES TEY) - 1T O'C M S Y HE R HE
Yy o ML ERS RS IR - 2 AR
ZERE SE MR @ (Hart and Chen 2006)° B Tk
NOCIRME - ARAK RS (40 EERY
Wz i (AT 7K 73 ) = 52 5 — {18 H ok e e e 22
il R bR T FE AR TR o — LE B[ 5
A W) 3 A2 WY WRGEE ALK > A0 2 7R A5 (Alnus sp.)
FIE0 4y S RHEY) (Prescott 2002) » A] LLHE A
TIER SR o 1 R R A S
VRE TN > 401l ZE R (Fagus sp.) R A
(Tilia sp.) (Norden 1994; Neirynck et al.
2002; Hagen-Thorn et al. 2004) © RN 7KH &k
e TR AR e At AR WA A R B 1 B OK o) A R
(Barbier et al. 2008) » — LB EEHE K (%
B MO g IR K ) AE7% SERR R B IE A
Alf i = 75 R R B SEE AT TR /D 5 28 38 /K A
0SB Y B IR > MROE RS R AT R
W FE T2 22 (Ford and Deans 1978; Levia and

Frost 2006) o 3£ 53 /152 BIFR A L g8 AR
S ARG (Alnus SP) K B RHEY B A
RAEF » 5300 )& (Binkley and Giardina
1998) ; ME /T FEE ~ AR SR A g
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O% > Bk LI HEY AT DUZE @ PRSI T BRI
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T HEPI(E 1)

PR St 485 A P 9 6 AT LU R R AR
R S ST R o KK TR KB R
Tl W REBR o AN AR RO RS > RITEGE JE T
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FI178 25 & 2VH B8 T (Glasgow and Matlack
2007) » 1R RE 25 Mo 8 PF B Y S [a] 18
RN BEAREY)PIRE 2 B VERE 2 T B - (R Bk
I HE T A R O el D B R v ) A R
(Taylor et al. 1987; Hart and Chen 2006) ° 1
PR AR TR R Fth 2 B 8 IR
o7 e i e B 38 K5 8 A 1 81 SE eI
HT T R (Ewald 2000; Brosofske et al. 2001;
Hart and Chen 2006) ° A4} » HEE DI
R TR > PR RE R0 & S BRE) /)2
FR AR s - A RO D E R L -
faE (treefalls) FIAR K (uprootings)fs 7kt Y
i AT N EELR o R RIR B S AR I A A 3
A~ BIEE T HEFER SRR IEE IR L
15 AR AR g ) S R I KB B Bk T )
T2 BETERTHE N (Beatty 1984) ° T B 1) 354
A3 B Y o 88 I A 1 AR R R ) AH R B
i WL SR R T IE AR LT g R B
) & Z K 1.2 — (Gilliam and Roberts 2003)
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NEERIE A T8 Exogenous factors
s e~ R ~ A~ T e.g. light, temperature, humility, disturbance

AR LS bk AR R
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TIHCER A - TR N AR S KA -

Fig 1. Relationships between forest understory layer and its environmental factors. Changes of
environmental factors, such as light, temperature, humidity, and disturbance, may directly affect
understory plant physiology or cause a mechanical damage to understory plants. Subsequently the
coverage or species composition in herbaceous layer may be changed, or the coverage and composition of
understory herbaceous may be indirectly influenced due to changed overstory structure and composition,
which affect understory light, space and humidity, or due to treefalls that cause surface fluctuations of

forest floor and changes in the chemical properties of the soil.
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MR HERE P AR AR 26 BRI — R > MR A
Vi sk P B APk EJgRY 0.22-18 {# (Gilliam
2007)> bk M EFFAE AR P RER PR S B £
> AR - BEMIERN 8 > TR
FRN RERF B RE RE (0 AR MRV OR H #8%8 TIFE
Fs otk o YL@ LRI 7T S KBS M EY)
241 B ER B B A ) (K] 1~ 1) 52 %8 (Hutchinson et
al. 1999; Ford et al. 2000; Roberts 2004; Gracia
et al. 2007; Barbier et al. 2008; Hart and Chen
2008) » 111 = 1 i1 s A F 92 26 BRI
ARA/NEERVZEE 1996; = 2003; ik
2005)° H BAMK T a0 a1 32 21 F e RE e S BR R
DRI -2 BN 0 o AR D BRET - S YUt IRk
m RS 700-1,800 m o RIASZE A Tid bk K
(K B 1328 - AR RS I A AR AR AR ~ A
ARBRAUE ~ AR PR R AR MRAU R R 73 AR TR TE (R
FIIFR 1997; EF5E 2009) - AL » @t T[]
FRAU AT AT RRAK AL RE RN LU o ASBiF5E DL 18
AR S o STAR PR RS ] > LEBERR AR b T Fae
R 2 KR > PRETARIA N I it & ann 52 94
FRERSE IR B AR MRS M R 2

HoH S 5

WFeshES

fff e 3 B A7 12 2 dr i RO AR LS 5 S
5 > (TE b R B g R A R R E O
RV BRI, > ANEE B PR Je) R ME BE - K
LR FE M 122FR B SR o Y R E L
680 m 1] B Fe T =1 2B M 1 1,834 mA (LARLLL > 4
SO B PE S B A 508 R R FEZIZ > TR
 JERE A KR - KRR H (TH )35
22.4°C > Fim H (LH)3Ik12°C » F IR E K
18°C » FEF N E#2,522 mm » #Z ~ 1R Z=HAEH »
WREFPIEILH » BES  FRERER

91% > REFHFEHK =0z — o REE LA
JE S R JEH0.85ms (52 % 1993; 155
2011) » 3% [t @ AR » [ AT 0 S v
JE& VT IFR o2 B AR 3 ~ SRR ~ A MR R AR IR G
PR o [ dak ) 25 et A 5 22 18 42 (Taiwania
cryptomerioides) ~ #ll#Z (Cryptomeria japonica)
F2A(Cunninghamia lanceolata) &2 (Pseudotsuga
wilsoniana) o ARG MOEHTER T %R foad
PRI EL P RGN A SRR » P IREM B 22
2 - LUk RL (Lauraceae) K% 3} B (Fagaceae)
R R i - EE R Rat e (REF AR 1997) ©

(AR A S O U AR A 1
G R 7 = FE AR A 700-1,100 m
1L E-E 588 > 1,100-,1400 m (1) R3E
REATHAAY > DU 1,400-1,800 m Y
BHE A — SRR (READRR 1997) » HESE
SIS [E] K 535 (1,025 m, 1,200 m, 1,450 m
a.s.0) 7y BIERAL = 0.72-1.0 A LEER [ (& 2) - 5t
1T EGARA 5 Ngteyads » DIEET &k BT
e BIRELIR B 2 AR PR BRMGR 1

B A

AEEEUIOLIE 3R > BE{E AR
ARSI A% o EATYIREA IR > f iR
Y5 17 2 251 20 m x 20 m £% 77 » 7 HlE
17 R AR T e T T i ) e R o B e B A
o FRAk g R R A A M s S (Diameter
of Breast Height, DBH) > 5 cm FJ R 5 #EA K &
KAy » TP RESE i E RS S o T
[EfaEas > TR 7T R 7738
e 5 m > £ [ 10 m BERaX LRI 2m x 2m /]y
BRITHEAT BAKEY) B BEARAS 1 m A B i
KAEVpFar - e Rk A B EE
(0-100%) > Fir A& L E BF I (Rl (A8 FE A
i A AR AE 3 47
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Fig 2. Location of study plots in Wushyrkeng Area, central Taiwan.

HET T

AR AR R B 1T R T S R (R
REREETE > bR HEY) DU I (basal area)#& A1
TERSYIRES LR - AR T e AdiE ]
DI (W) RS A - 36535 L
TS 2 B EAHE R T A 2 R R G T 5 LU
KARAR LT IR A & o3 B o3 AT B IR

31 (direct gradient analysis) °

5 m-DBH?
4

V% EFEEL Shannon index, H'=

~Xi1p; Inp,

Total Basal Area of a species =

pi FPIMEL | (E[BISKARHENR S - EIEHEY)
PR - MEEYRHE RS -

A Wi 52 {5 6E 7¥ 20 7 (clustering) £ 1T
WY g i  EEEAIERNmET Z
Bray-Curtis FEEftfSEL (Bray-Curtis dissimilarity
index, (Bray and Curtis 1957))4E[i#% » FLL
UPGMA (Unweighted Pair Group Method with
Arithmetic Mean)tE1T 53 B » Wi AR AR L Fg B T~
e Ko g 0 o B IR o B S AR [ Mt T [
b DUETTARME b T RERE 7 R EL R

Bray-Curtis dissimilarity between j and k sites =
¥|xij—xik|
s = - S0k
(xij+xik)

SQj=Sgrensen similarity index between j and

k sites= 1 —
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i B xi BYIRE i AE j K k BRIERPREECE
& 5 o B AREE AR 52 A YRS EAR sy kR
BfiE - Bray-Curtis RS 1 % Serensen
FEDIMA: R

B T IR AR AR T FE Y 1 B ER SR A 1
IRATR » FAMTHETTIEEEMB L 7347 (direct gradient
analysis) » A i 9% LL& KL #8361 7T 8% 5 i
(transformed Redundancy Analysis, transformed
RDA) (Legendre and Gallagher 2001)i£17 » Hr1
% 7Y AERH DT T Hellinger B 1R 00 2
SRR - MEREERERAE IS
BeRE ~ Y ~ SRIEOE (BE L TERY PERE) ~ BRIR
B ~ BLARERERE ~ BRTBIREE ~ BT
BIARE IS DUk IR ASE o (IR
IR o 3l LR 343 (forward selection)iE T
RAE R IR 1 6i2E - A SR 77 /0 fn BRER R K
T-BH{R1E (transformed RDA Bi-plot) °

By 1 ELARAR BN I ERE R BB > &
PR b JEREREE B DU IR 7 20817 B
SYAFT 0 AN AR ERAS SR T Ed o DL TR
T g AR R A5 A [ A BRI K 5 R ALY
SHE = FERLER YR Afrh R RER AR )T PR
FERH DU IS & > RS RLE
BebL 2. 2 < YR R B ~ R T~ Sp ) ~ BT 0
PRIR I R B AR E PR -

By 1 ELBARAR BT Fe bl e A RS v A
& RS EIBIE - AR B Y & o R
(B0 A~ B~ C AU+ &)L T R R Y
Morisita-Horn index of similarity (Horn 1966) °
BB+ @ 2 Morisita-Horn index  of
similarity 8= > 2o /M AEY) A g GEAH
1BL s TEWT 25 BB A A I R R A
FRSCHEALURE - 28877 T B 05 5 U Py AL P o R
8 BIEE A/ beta LR » .2 0 IREE
B ERIREY S AR U Fe s | > HIESS

AR beta BERFE o

Morisita-Horn index of similarity =

Xji .
s Uy . Xik
22‘=1inj XXk

i \2 xon \2
I

Xi B X FAPORE i 7F j B kAR [ PR BN BT 5 5

HER

BaYUtERFAO YIRS KT

TGt = (Ek S TR R A - #R
PR R Jg St fd 820488 » HAPORARHEY) 8L
VER 161 ~ /NEEER 130 ~ BAHEY) 59 ~ i
KHEY)35HE - 4 B 78RI1478 - ARk g hE
Yt g 180 37  68J& » LUER}(144%) ~ R}
(Theaceae, 7f#) ~ ZHRHTHEEGRS » £ R
HIT5 T2 £ 78 AKEY) (T9/E) © TS A YRR T
J@ R LR A E 12158 > 57 /B 5619018 » LIFG
iR} (Rubiaceae, 8ff) ~ 7KFEH £} (Polypodiaceae,
618 ) ~ fi% £ % Bl (Dryopteridaceae, 618 ) ~ 7%
£l (Vitaceae, 51f) ~ %<4 Fl(Myrsinaceae, 5
&) % JBVE R Rl (Pteridaceae, 57 )l MR % >
A R T T LA B AR Y 59/ iy % 0 R
Fi A ) 3548 o — e il B 2 B A of J [A)
Yy i JE > BB (Arenga tremula) ~ #5 R
(Calamus quinquesetinervius) ~ $# 5 K (Eurya
loquaiana) ~ 7541t (Eustigma oblongifolium) ~
[LIF£{E(Maesa japonica) ~ £ 4% £ (Oreocnide
pedunculata) ~ JLEfiAK (Psychotria rubra) » [
MR B AREY Y - HERI B IO E & AR AR
il b T @412 B FE ¥ (Shannon index)
Sy RES3.47k 2.97 » Byt IE 2 bk g e
Y26 PRSP T I -
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RAYhEEFMED L GO

HAM R AR 5= A B Rl AR DR/ N s W o i
AR MR b N g 200 > (0 @Y~
B1% - I LUEERE A o0 Al T i P RE e
1T Rt € 53 B - £ Bray-Curtis H#f£%0.79
I > AT RE67{8 AR AR LGP ER T 8y 5 7
5 T7E0.821RF » WIS 75(E T g HE Ik 77 I
Iy FseRE o LI BN AR R R RS
ME (1&13) - & aYifRik g TREEY) & b
A~ BRC=RIEZHAR 3R A~ BRC=
Rl > I AT 92 2 HUAR 3% AT BV % ik [
Rl W) L Rl i v A [T T A 722 52 (3R 1) - AT
Vit g IR Y) 5 @5 - B &
(Machilus zuihoensis) ~ JZ#%1% (Cryptocarya
chinensis) ~ & # i (Phoebe formosana)f
B H o BVt & HI LIGR L RHEY) 75 1
B 5 LI (Castanopsis kawakamii) ~ 7k ZE i
(Cyclobalanopsis stenophylloides) ~ # T
(Engelhardia roxburghiana) £ A — & #¥)
1 o CRUREY) 1 & 5 LUk S RFE 385 > DUSE
F48 (Cyclobalanopsis longinux) ~ &t ~ &Ml
f## (Machilus thunbergii)f i 824 » B2 &S
H #%1% (Meliosma squamulata) H. 2% f {2 Hi 37
AR A o DAVKE Y A & S 2 2
(Taiwania cryptomerioides) it ¥k 5 2 1y &
S 3 AR R R % R A v HLJES T A AR K
() —H o E~ G ~ HAVKEYI#L &3 (7 1 ARK 5
Ho SR % K B 2 T B s L
PR RHEY) 75 18 S50 o e PR T RElE KB BT
DIBR F T o7 16 360 1 - IR L R FH A 6 R 8 4
> AR T i)+ & A s B AR S Y 3
= E (62.2%) » LL % {§ % (Elatostema
lineolatum)fs + Z & 34 - BRI 1578 & (R
K1415.9% » E&HEE 10 YEES EILESR

f-(Ardisia cornudentata ssp. morrisonensis)

B il ARk b T e R i

B A ZE 46 3 5 iR (Arachniodes aristata) ° C#U
HIJ DL 2 38 ik =2 J#% (Dryopteris formosana) ~ %L
%4> %8R (Sarcandra glabra) ~ & # R (Phaius
flavus) K {51 £ 72 /& % (Plagiogyria falcata)fs
F o BT Y E SR R37% 0 ZEi2E
FRIESSHA) DI AR T V) (L& - HM T Y E
AR (#5%) > 8 25 i e Al 5E 1 5E HOk
A EE1% o E~ FAUSE —{EERIE > AR A
B2 T i o BT DL 3 (Rubus
lambertianus)f 224 » 8 E £ 10% > FLIKK
#RIK (Colysis wrightii) 5 o ik £ 1824 - (H H &
BT R HE 2% o oy BERS REUR >
G b g BT R R AR BE S R R T

L -

W E R ER R

FH Morisita-Horn index of similarity #H
T e A [ [ AR AR b T R Y A e B A
DA e AR AR T R ) & JEAU [ B R Y
FHATE o b g R AR AR A B B
A i £ fH L (Morisita-Horn index of
similarity £ 0.418) » T AR T AR I LU -
IR B B2 C AUAHY) A g e A AU
(0.235)(FK 2) o LR & HE V)t & A V)R
fHRL > A Bl B BUREY) L& A 32 2L [A]
& - B Bl C AUE{E 26 fE AL [F]fE > 17 fE L)@
REYME B C AL B A A AR A E g
HAER% TFRKMR LEYE) (EHHR
A A B A R R )R R A - |
e R P RH R At R AU B vk - Hrp % B0
A~ ERRIRE YIRS > QIR AR ~ DR TEXF
(llex lonicerifolia) ~ #L & (Chamaecyparis
formosensis) ~ 2 {8 38 5 (Malus doumeri)Z o
i A BUREY) e e b JGER 10 TR RAE
V1o 10 N IE P& alA 30 TR RAEY)
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BT EEY GG ZE > BRE A
RUAK A FERR PR ok - i HeA A B o0 s T8
HE®AYME > @ : & & (Cayratia
japonica) ~ ‘K jx £} L (Polygonum chinense)

17 Hii B (Chrysopogon aciculatus) ~ i $i#
(Parthenocissus tricuspidata)Z °

FRAR BT FEHE R BRI 98 5

B P+ o3 BE A SR 8 0 R I st T
il b > ATLAEEBL T IR R o B E RAT A
[& > B g R R 0 B SRR B — B
([ 3) o Bb4t > o BIHCH BN fE A B
transformed RDA #f S H i B G RN
— il oy 8 A T T AR RS — ik o) B
X-Y sy ArlEl (@ 4, Fidk 1~ 2) 0 FFEFERE
$R RIS 0.832 (p< 0.001) » MLIREH/R & AT
i AR AR N g R PR R SR A 3 A
ZU0 BR OB o B R OR A O % LR
transformed RDA k& ZIRBEA 1 » DIEE

Understory

/
504 = ]
\, 50 =
0 —
0 100 /

Ml Type A M Type B Type C g / /

Type D [ Type E [l Type F - g 4

. il ¢

B

50 100

FERR T T RE R AL B ER R IA - (9 B % © LI
B @D wHEE -~ RS 0L
B OLE ~ B BEEE ~ B S R s KRR
R & o B~ R R R i % B e i THI AR
)y - bR T LG e ot bRF
[ PR Rk B2 EVE BB (r= -0.922)
PH B 1R 23 3550 (r= -0.902) ~ [ B 38 % 50T (r=
0.849) ke #% i b /& HE V) % & (r= -0.825) Y 5%
2 (& 3, Mfgk 3) -

B T k0 U PR B A AR R R b
528 BAMLL A RRIEETT 1T g R & R
i transformed RDA » lfi F 2% F1| Fi Aif 36 55245
EHGRB IR BTN 7 Lg%
FI B B 25 5E T (r= 0.731) 52 28 1 F Jg fi AT
S M BIBE IR FE (r= -0.604) 5% 5 8 % 2 [A 1
(FfF$% 4 ~ 5) o SR1f » # LA transformed RDA
2Bl SR e R AR IR B — B R
FET o FRAR N T AR A RR A 0 (R R R
0.101 » p= 0.5695, [ff$% 6) -

M Type A Ml Type B [ Type C P

TypeD [ TypeE / /

M Type G Il Type H . ,w/ A
o

f Overstory

3. BAOYUmEARM F(h) ~ TR ()RR S AR B 22 [ o B U o
Fig 3. Spatial distribution of overstory (right) and understory (left) vegetation types in forests in

Wushyrkeng Area, central Taiwan.
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x 1. SOYUBEAR T RE B g SRR R -

Table 1. Species composition of each overstory and understory type in Wushyrkeng Area, central Taiwan.

B il ARk b T e R i

Understory
vegetation Type E Type A Type F Type B Type D Type C
types
Dryopteris
formosana
IArachniodes (ST 8.8)
laristata Sarcagig ra % abra
Rubus ey (LA S 5.3)
lambertianus (/5 IArdisia (lfgm%@%ﬂm Phaius flavus (&
I3y
Iﬁ)ﬁaﬁi‘gnda (@) : goifmlg;r%ai Arachniodes Eﬁias‘i. :ngria dunnii
k3 7.5 Elatostema lineolatum var. major (¥ & 5.5) TR pseudo-aristata (B 2 3.0)
Piper kédsura (= d42.4) " —— Colysis wrightii A'rachniodes () SAREE R Ardisia .
Dominant [ 2.0) Diplazium dilatatum (E 38R Z5% 5.5) (RN 2.0) aristata 0.5) ornudentata
. - : Alocasia macrorrhiza (452 4.4) Calamus e [Diplazium 55
Species  |Lycianthes biflora ; SV - L (HOEEEEEE | (LIRS 3.0)
(B2 2.0) Calamus quinquesetinervius (#f% 1.8) qumquesetmerwusﬁ,; 3.4) dilatatum Asplenium normale
SAERER 2Y) A hinia intermedia (ILIB Bk 1.5) (%W 1.0) s (s |
Pteris wallichiana [ - oo e anensis (i 15) Arachniodes fu" o 5) (A= ZFEL AR 2.6)
(ELICBUERR 2.0) s ’ pseuc;lo-aristza\tacA0| sis wrightii [Stauntonia
Dolichos trilobus (IEEEEE [ 900 obovatifoliola (£ A
var. kosyunensis % 0.9) gﬁfﬁf # 05) 1.5)
(ZHERD 1.0) \ aalf);c: Lasianthus curtisii
(B o5 (WIREERE 14)
it Parathelypteris
glanduligera
(FEIRE R 1.3)
gg\%‘;ﬁ:‘;"e 88% 92% 75% 56% 60% 82%
Number of plots 1 26 1 20 2 25
Number of species| 13 45 4 42 13 44
Shannon index 1.91 1.40 1.21 2.43 2.44 2.69
Total coverage (%) 28.0 62.2 4.0 15.9 5.0 37.3
Overstory
;/egetation Type E Type G Type H Type A Type B Type D Type C
ypes
Machilus Cyclobalanopsis
zuihoensis (7 ffii Taiwania longinux
8.34 : : . cryptomerioides |(; i 13.65
oo Coarass v Ghf8 72 (YSRGS K
(ate 251 (QRH 279 romrghiara | (1 558
Phoebe formosana Pﬁnxbeifo ' Engelhardtia roxburghiana (¥4t #i0 9558 Machilus thunbergii
(ZEAHER 10.96) tqeg rmosana 14.7) (5 .58) achilus thunbergii
; (SLIEFERE 2.48) . Schefflera (FEHNE 4.18)
Diospyros Castanopsis hystrix Schefflera octophylla (/L3 3.82) octophylla Meliosma
morrisiana Elacocaroud N0ebe Rt 148) Styrax suberifolia (fLFZ 3.57) (L4 2928)  squamulata (ki
(IL#THG 8.236) |- 2€OCMPSt, mosana |77 1 Litsea acuminata (REAE T | - d I
Neolitsea konishii I%OENC;SU (T SCP effr:elrla e B4 Llﬁtsg%ta:glignatag.ig) ba (K
Dominant |(Fi%4f 3.716) ‘(I'uriiLnia' )l6.95) °°4‘))p ylla (& Machilus zuihoensis (Z#i 3.39) gﬁff B i ':;mfs‘;’”pe’ (
species Cryptocarya P Oreocnide |7 . . Michelia compressa (/0oF - ; .
chinensis formosana bedunculata Pasania kawakamii 2.76) Eriobotrya Neolitsea aciculata
= (LI#&E e (AT 1.34) [0 e (g (deflexa (BREFAE T 1.9)
gi zz*nie r\%ig)( 7 249 gﬁgg;i*rm Muj;%s;ﬂna rhoifolia :(L:%p;tocarya chinensis (/72 (IJIJﬂEfE 1.20) gjlq);fl;sine seguinii (K
< ) AN 1.33 L s - (Glochidion i 1.89
T .1'578) . (Turpinia formésanasyzyg'um formosanum (S8 f:4 rubrum Cin[:amom)um
Machilus kusanoi (ILI&E 1.3) 1.62) . (HISERSIE  jsubavenium
(KEERE 0.95) Pasania haneei var D;)gs)pyros morrisiana (WLELAf 7 02) = (EH: 1.77)
Eejmjf_}cﬁ}lpf?s) Machilus thunbergii (G C;fy;frf?pon'ca Eggﬁ,cﬁ;"(“%a
Beilschmiedia 1.09) (?'»?E%I‘iﬁiﬂ: 1.75) h
erythrophloia 1.01) Diospyros morrisian
(Ef 1) (LI 1.03)
Cumulative 98% 98% | 100% 7% 78% 96% 84%
Nunrberofplots 3 1 1 20 22 1 18
Nurrber of species 10 3 2 42 58 11 43
Shamon index 1.59 0.76 0.48 2.75 2.95 1.10 2.58
BA (rfha’) 28.63 6.29 8.53 28.94 47.91 57.62 46.20
Density (ha’) 292 150 300 615 1,277 1,925 1,607
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Understory RDA Axis 1 Scores

-0.5

0.0 0.5

Overstory RDA Axis 1 Scores

B 4. 55 G0t PR T B b i R RE R BRI AR > DL R 45 T 8% 43 A (Transformed
Redundancy Analysis)fiti 5.2 55 1 il ok e I 1 7 EHR [B1 57 73 47 (slope = 0.837, p< 0.001) °
Fig 4. Association between overstory and understory vegetation in Wushyrkeng Area, with a linear

regression model fitted to the first axis scores in transformed Redundancy Analysis for these two forest

strata data. (Slope = 0.837, p< 0.001).

it

B yuthm AR MY E e g 8o fE > T
J& 121 f& - MEtEYEES L8 1.36 (5 (%
PR A EAT B AU 7125 1.20 )  HE
AR R A G R B R 2 B RE AR A
MY » EAREYRIE » HEFEEHEN -
FHif T & (Gilliam 2007) © Kt » #Ak BT g

PR L 451 52 30 FH N BR S A e B Y R AR T
WIS T o HH AT A SR SRR AT ARk L T g
YR LIV S 0.22-17 28] » $8FE 20-35 FE 7%
PR T PR LB R 1 7R B AT RORH 52 FE
1fi o HE—HHWARIIE 3 AL AR
RERFAY » ELARFRT b g Py b A5 e A 2
KRS 33/35 ~ 41/ 53 ~ 40/43 » S HHEEAEA!
HIFRAR T & a5 A ke g yrEs > BoR
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B R AR Vi 7 B 05 o PR AL A B L 1
YR o

R FERER S A U IR K SR IR A Rl R 7R
FE o= RIBHRERES - W
1,019-1,189 m f3 LMERHEY) 5 EHOMEEE -
FEOT RE P DL Z i BF (Urticaceae) 7 1E B
(Elatostema lineolatum var. majus)fs £ » 1k
TR 1,183-1,215 m 5 LA SRR TR
PR BT B IS 1 LU B AR R 1%
s mE o BEREHRITEE 1425 m Dk
(1,395-1,476 m)HIlHE g S OARRK » DI RME
Vg > WAL AG SR S EEBRE A -tk M AE
YR LLZ G ERRm E o (R4 K R E
FRR IR PP S A [ i 0 Lyt RSt 2k A S R
G MU S MR (BRSE 2009) » BER & it #x
MBS TR » PRAESMEU ) LR A= 16t
R E s TERK Z % AR i
[l o AT FRE 1Tk 5 HEIRF - Hife B th 4 LA
FEA e N TadbRil - S8R B RIS A S R
J1 3 B2 AL E M o

tr BLFEAI AR (1997) 72 [A] — 3 [% B /F A
FEAR A HELETT LR » AWHEh) A & B
U RE ) 4 Er B FEATARAIE 22 Hp BRI ~ ik
Sy AR LA - 50 MR R EARE 1 T
SRR 5 AH ABL > FH R AT FE IR AR v K
# = » KA JLE (Lagerstroemia subcostata)
S BNV PR R B - EL A kSR R
W HA A 5 38t 1T 3 & 0 50 1 (Mallotus
paniculatus) ~ [1# ffif.(Trema orientalis)=% 5
B FE (B BN PR o AT 98 2 A e RS » C
fRb s C AUhEY - HI|BRgE BT AR AR 92
A7 1,300-1,700 m FE 3= FE#R (15 5454 Bl
- K B A -k A R e s A UL - mTRE RIS AT
UK S0 (B A 1 B S g ik - RE A 2
1 B B R M A HHER - AR R & ARk

B il ARk b T e R i

FEAU KB L 0 SRR A -

P AR AR BN TR AR R AR E o #R
PR JEREPIRRTE A B B AUt G 2R
FEABL(E 2) - 1 g AER AR I B B C AUt
ML - fTHER A BIEERES T
il Bl A &bk R st > AR s 52 B+
B0 52 B B R AR MRS R A T B~ L
Jiii ~ #l/kt: %% (Bridelia balansae) » A AKEYIIE
BEA ~ A amBE AR T T REB AR S > B A
Bl B ARSI A AL 5 AR Ak T FE R A R
ZEITHEZE > nlReR AR A R
TR AE R R S BT IR 1k — BRI % - Bk
RetdimI{E  ARF5E.2 C RN ZE T
B NEE IS o KL 7D i
WEBMRIYITE - ARLRG ~ #ASE > Kbk
[@ VIR AL A K B BUZZREE A o SH4b - B
{158 BUE OB B 1 R P fa S 4 > KR T
PIF AR AR b g s ok » 2B &0 Beta
BCFLRE o FRT JEREY)AH B AE AN [FIRE ) 1 € 2
RURHTA BRI 22 52 > 25 BERE 2 A B LR
A B JEA T S H e A R
BRF IR » (KT gAY R R A
i 108 i (tH [F] 3 & s Fh AR kL g Y 5 88
/66 £ 77) °

ARHFE R I (R > >500 m)Y 73 B
Gy BT B TE AR L 3 ik SRR Byt
AR T @ R REAR A B o0 A1 23R B AT I A
BRIEIE - DT B 25 P 2 1 A A Bl
A LA AR B AL B o BRRT R M T
[ HEEEAEREE K 7 » transformed RDA B/ Vg
W R B Ut AR R T T RE R A
AR ERELR - o FHRARAR LT @ R R &
# B B [RIER S K (A W 7E BN R i L)
BB SOE - R A AR AR T g R
G B BATF OB E > S5 R R Y
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E AR B o SR > (R B — R & (/R » <180
m) 53T > Rk B FE )RR RN AH R T
QUL AR - BRI R BOL - FRT RERE
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Fig 5. Bi-plot of transformed Redundancy Analysis of understory vegetation composition and
environmental factors in Wushyrkeng Area. cosAspt, cos Aspect; creek, the distance from the nearest
creek; elevation; position, the distance from the nearest hilltop; remote, the distance to forest road; slope;
WBA, Basal area of trees in a quadrat; WDen, tree density in a quadrat; wtypeA, overstory vegetation
Type A; wtypeB, overstory vegetation Type B; wtypeC, overstory vegetation Type C.
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Appendix 1. Correlations between environmental factors and the first two axes of transformed

Redundancy Analysis for the understory and overstory vegetation in Wushyrkeng Area.

Understory layer Overstory layer
RDA1l RDA2 RDAl RDA2
elevation 0.9698 -0.21267 0.9380 0.3256
creek 0.9380 0.02973 0.8256 0.4771
position 0.4063 0.05688 0.3400 0.3332
remote -0.8649 -0.39519 -0.5489 -0.8160
slope 0.6708 0.31541 0.4055 0.6602
cos aspect -0.2139 0.64868 0.1481 -0.6452
Proportion explained to the
X 29.94 14.28 22.04 10.21
variance
Cumulative proportion of first
44.22 32.25
two axes
Constrained Eigenvalue 0.4856 0.3723
Unconstrained Eigenvalue 0.5144 0.6277
0O TypeA j;
H TypeB o v ;
TypeC S Wy slope
3 %V :%zgg v g% creek
A Vv W TypeF VV : elevation
v slope hH P
% g i — ’ % g JE O URRO vd.; e T D T ; ........
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%TTyypeB
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| | 5y i
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T T I T T T T T T
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Btk 2. B AYUbIEARR T (/0) ke LI (5 )RR Rl B —F B R A X - 1 & B HE T BR 0 BT s SR
HAEME LRI o cosAspt: JEE ~ creek: FEIRA NI ~ elevation: YK EIEE ~ position: 3]
Ve (R LLITERYEERE) ~ remote: BEFRERERE ~ slope: B o

Appendix 2. Transformed Redundancy Analysis showing a similar pattern between understory (left) and
overstory (right) vegetation composition in Wushyrkeng Area. Environmental factors: cosAspt, cos
Aspect; creek, the distance from the nearest creek; elevation; position, the distance from the nearest
hilltop; remote, the distance to forest road and slope.
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Appendix 3. Summary of transformed Redundancy Analysis showing correlation coefficients amongst
environmental factors, overstory vegetation types, forest structure and the first three axes of transformed
Redundancy Analysis for the understory vegetation in Wushyrkeng Area.

Environmental factors tRDA1L tRDA2 tRDA3
Elevation -0.922359 -0.30609 0.095594
Distance from the nearest creek -0.902326 -0.06893 0.067440
Distance from the nearest hilltop -0.386815 -0.09797 0.322448
Distance to forest road 0.849794 -0.29371 -0.126823
Slope -0.658207 0.23601 0.313642
cos aspect 0.234391 -0.60360 -0.102175
Tree density -0.825392 0.03858 -0.085011
Tree BA -0.546682 0.19620 0.001922
Type A of overstory vegetation 0.796894 -0.21550 0.330405
Type B of overstory vegetation -0.248212 0.87351 -0.026290
Type C of overstory vegetation -0.721537 -0.68391 0.046032
Type D of overstory vegetation -0.004943 0.12053 -0.581625
Type E of overstory vegetation 0.202047 -0.05954 -0.109206
Type G of overstory vegetation 0.152616 -0.05525 -0.164887
Proportion explained to the variance (%) 32.12 15.07 2.78
Cumulative proportion of first three axes (%) 49.97

Constrained eigenvalue 0.4586

Unconstrained eigenvalue 0.2929
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Appendix 4. Transformed Redundancy Analysis of Plot A showing a distinct pattern between understory

(left) and overstory (right) vegetation composition in Wushyrkeng Area. Environmental factors: cosAspt,

cos Aspect; creek, the distance from the nearest creek; elevation, altitude; position, the distance from the

nearest hilltop; remote, the forest road distance and slope.
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Appendix 5. Correlation between environmental factors and the first two axes of transformed

Redundancy Analysis for the understory and overstory vegetation at Plot A in Wushyrkeng Area.

Understory layer Overstory layer

RDA1 RDA2 RDA1 RDA2
elevation 0.25886 0.74658 0.59202 -0.1541
creek 0.08729 0.55001 0.73075 -0.1975
remote -0.21347 -0.04773 0.11748 0.2845
slope -0.60461 -0.10342 -0.54648 0.4348
cos aspect -0.07259 0.11387 -0.07504 0.1104
Proportion explained to the variance (%) 19.00 10.48 13.32 6.54
Cumulative proportion of first two axes (%) 29.48 19.85
Constrained Eigenvalue 0.1478 0.2005
Unconstrained Eigenvalue 0.2459 0.4868
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Appendix 6. Association between overstory and understory vegetation in Plot A of Wushyrkeng Area. A
linear regression model is used to fit the first axis scores of transformed Redundancy Analysis for these
two forest strata data (slope = 0.101, p= 0.5695).
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Abstract

In Taiwan and on its nearby islands, the green sea turtle (Chelonia mydas) is the main species of sea
turtle found to lay eggs on beaches. Wang-an Island of Penghu County is the single sea turtle refuge
designated by the Taiwanese government, making the Penghu area also an important reproductive and
conservation habitat of green sea turtle. In recent years the declining number of nesting turtles indicates a
serious threat to sea turtle conservation. We studied nesting green sea turtles during their reproductive
period on Wang-an Island and in Shi-li, Magong City, from May to December, 2014. Local people’s
accounts of green sea turtle on Ji-bei Island were also included in our study. There was only one nester in
Wang-an in 2014. The earliest nesters laid six nests with a total of 506 eggs on May 9. The average
clutch size was 84 eggs (n= 6, sd= 7.0), which produced a total of 489 turtle hatchlings and amounting to
a hatching rate of 96.6%. The main predators of the hatchlings in the Wang-an refuge were the Chinese
ghost crab (Ocypode sinensis) and horn-eyed ghost crab (Ocypode ceratophthalmus), which accounted for
a mortality rate of 3.5 individuals per nest (n= 6, sd= 5.3). In the most serious case, mortality from
predation was 18.4% in one nest. There were 38 hatchlings that died from heat shock, with 33 individuals
found in the sand of their nests while five individuals climbed out of their nests but died on the beach. A
total of 428 hatchlings from 506 eggs successfully reached the sea, marking a breeding success rate of
84.6%. One nesting turtle on Shi-li beach laid seven nests but no eggs were found fertilized. The reason
for unfertilized eggs remains unclear. More detailed researches are required to understand whether these
populations are still declining.
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Fig.1. Refuge (yellow area) of green sea turtle (Chelonia mydas) on Wang-an Island, Penghu County

(resource: Natural Conservation Web of Forestry Bureau).
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Table 1. Nesting sites and habitat descriptions of green sea turtle in Penghu, 2014.
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B (52K Google earth) e

Fig. 2. Nesting sites of green sea turtles in Wang-an refuge, 2014.

Nesting areas on Wang-an Island (red dot) and nesting sites on Tu-di-gong-gang Beach (blue dot) (image

from Google earth).
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3. 2014 - e YD 2 R MESRIN T (LE - BERNR AT ATE (R ORI Google earth) e
Fig. 3. Nesting sites of green sea turtle in Shi-li, 2014. Nesting sites (blue dot) (image from Google earth).

Jata STOLNONN S. Na NGA, GEBCO

B 4. 2014 35 HyOmEDE < AR UE TRV E A7, EEALS HAYAIE B AKIE: Google earth)

Fig. 4. Nesting sites of green sea turtle in Ji-bei, 2014. Nesting sites (blue dot) (image from Google earth).
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Fig. 5. Relationship between temperature and brooding periods of green sea turtle in Wang-an refuge, 2014.
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Fig. 6. Comparisons of unfertilized eggs (30 and 45 days, respectively) from Shi-li to the normal

development of green sea turtle embryo (photos by G. Balazs).
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Table 2. Reproduction data of green turtle in Wang-an refuge in 2014.
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Fig. 7. Annual nesting number variations of green sea turtle in Wang-an refuge, Penghu County (data
from Agriculture and Fisheries, Penghu County Government).

8. ARl A R ruahi Z ARV EE R R -
Fig.8. A green sea turtle hatchling predated by the horn-eyed ghost crab in Wang-an refuge.
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Abstract

The population of migratory birds of East Asia-Australasia Flyway is decreasing significantly in
recent years. To monitor the status of wintering avifauna, Taiwan New Year Bird Count (NYBC Taiwan)
has been conducted since 2014. From December 20", 2014, to January 11", 2015, 967 volunteers
recorded 205,319 individuals from 319 species in 134 circular sample areas with a radius of 3 km.
Judging by bird species richness and abundance, Longluan Lake, Southwest coastal and Lanyang Plain
were important hotspots. Comparing to the results of 2014, abundance of Calidris alpine, Anas crecca,
Passer montanus, Pluvialis fulva, Bubulcus ibis, Riparia chinensis and Charadrius alexandrines
decreased by over 1,000 individuals. It was difficult to confirm the population trends from the data of
only two years. However, with the increased sampling efforts in 2015, it might signal an important alarm
of decreasing population size in these species. Taiwan New Year Bird Count as a monitoring system of
wintering avifauna will continue to be conducted in order to monitor the status of avian migrants in East
Asia-Australasia Flyway.

BREEEE : AR ~ BUR-MRIEIERR ~ FrEEUREEE 28 - 2 RS
Key words: citizen science, East Asia-Australasia Flyway, New Year Bird Count, Taiwan, wintering birds
Ytk HEA - 20159409 A 01 H % HI 201511 H 17 H

Received: September 01, 2015 Accepted: November 17, 2015

i

Targets, Secretariat of the Convention on Biological
Diversity 2010) 1 WIREY - BB RAE S D%

2014 4 » V)2 B TE ) (Convention on B M ¥8 BE B (4 BH {% (Biodiversity Indicators
Biological Diversity)FAE AR5 12 JEfiHIIEIA Partnership) | #1Hli & EIET T7IK1(2010 Biodiversity
& (12" Conference of the Parties) » TR & I Indicators Partnership 2010) » fxf&Hikk T2 ER
AT TERIEYZ I H I (Aichi Biodiversity WL R IER LA VYRR (Global Biodiversity



B A% BEERRFE(TW J. of Biodivers.) 18 (1): 69-92, 2016 71

Outlook 4) .1 » fiE#EHS 2 (Secretariat of the
Convention on Biological Diversity 2014) °
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Fig. 1. The distribution of all circular sample areas in 2015 Taiwan New Year Bird Count
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Btk 1. 2015 F ST RS R F AR B REL Bk o | MERREREEF ALY - 11 - EEMATAEH)
Yy HAWE P RE ZBF LB o TW : 28 > PH @ > KM @ 7> MT @ B> DS : ®W -
Appendix 1. The bird species list of 2014 New Year Bird Count, Taiwan. |: Endangered species; Il: Rare

and Valuable Species; Ill: Other Conservation Deserving Wildlife. TW: Taiwan, PH: Penghu, KM:
Kinmen, MT: Matsu, DS: Dongsha

Chinese name Scientific name TW&PH KM MT DS  Total
FEMR T E Anser fabalis 1 1
R S Anser serrirostris 7 7
HI &R Anser albifrons 7 7
fE5% Tadorna tadorna 10 10
BE Il Aix galericulata 40 40
RIS Anas strepera 84 84
eSO Anas falcata 40 40
IRSENS Anas penelope 3779 69 3848
ok SEE Anas platyrhynchos 149 6 155
TEmENE Anas zonorhyncha 2210 139 2349
=R Anas luzonica 2 2
EEMEHR Anas clypeata 7376 12 7388
REN Anas acuta 2392 2392
HIETS Anas querquedula 68 68
/INIKHES Anas crecca 6551 55 2 1 6609
L SETER Aythya ferina 158 158
H AR NS Aythya nyroca 2 2
JEASEVEHE Aythya fuligula 2171 8 2179
RS TENE Aythya marila 16 16
RS Bucephala clangula 1 1
JERKTD Mergus squamatus 1

#95 Coturnix japonica 1 1 2
B LGS 11 Arborophila crudigularis 37 37
(UE% Bambusicola thoracicus 167 167
BEE NG Il Lophura swinhoii 15 15
HEREHE 11 Syrmaticus mikado 4 4
ERSAHE 11 Phasianus colchicus 37 16 53
/N Tachybaptus ruficollis 731 91 3 825
et P e Podiceps cristatus 2 19 22
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Podiceps nigricollis
Calonectris leucomelas

I Ciconia boyciana
Phalacrocorax carbo
Botaurus stellaris
Ixobrychus sinensis
Ixobrychus eurhythmus
Ixobrychus cinnamomeus
Ardea cinerea
Ardea purpurea
Ardea alba
Mesophoyx intermedia

I Egretta eulophotes
Egretta garzetta
Egretta sacra
Bubulcus ibis
Ardeola bacchus
Butorides striata
Nycticorax nycticorax
Gorsachius melanolophus
Threskiornis aethiopicus

Il Platalea leucorodia

| Platalea minor

Il Pandion haliaetus

Il Elanus caeruleus

I Pernis ptilorhynchus

Il Spilornis cheela

I Nisaetus nipalensis

I Ictinaetus malayensis

Il Clanga clanga

Il Butastur indicus

Il Circus spilonotus

Il Circus cyaneus

Il Circus melanoleucos

Il Accipiter trivirgatus

4799

86

36
4940
11
3598
243

6963
72
1766
25
13
2596
55
771
14
1246
105
55
10
161

20
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37 48
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Il Accipiter gularis
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Dicrurus hottentottus
Hypothymis azurea
Garrulus glandarius
Cyanopica cyanus

111 Urocissa caerulea
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Urosphena squameiceps
Abroscopus albogularis
Horornis diphone
Horornis borealis
Horornis fortipes
Horornis acanthizoides
Phylloscopus fuscatus
Phylloscopus proregulus
Phylloscopus inornatus
Phylloscopus borealis
Acrocephalus orientalis
Locustella ochotensis
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Cisticola juncidis
Cisticola exilis
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Suthora verreauxi
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Megapomatorhinus erythrocnemis
Schoeniparus brunneus
Alcippe morrisonia
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Liocichla steerii

111 Actinodura morrisoniana

Muscicapa ferruginea
Copsychus saularis
Copsychus malabaricus

111 Niltava vivida

Brachypteryx montana
Myophonus insularis
Myophonus caeruleus

Il Enicurus scouleri

Calliope calliope

111 Cinclidium leucurum

Tarsiger cyanurus

111 Tarsiger indicus

Tarsiger johnstoniae
Ficedula hyperythra
Ficedula parva

111 Phoenicurus fuliginosus

Phoenicurus auroreus
Monticola solitarius
Saxicola maurus
Zoothera aurea
Turdus hortulorum
Turdus cardis

Turdus merula

Il Turdus poliocephalus

Turdus obscurus
Turdus pallidus
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Acridotheres tristis
Gracupica nigricollis
Sturnia sinensis
Sturnia malabarica
Sturnus sericeus
Sturnus vulgaris
Sturnus cineraceus
Dicaeum minullum
Dicaeum ignipectus
Aethopyga christinae
Prunella collaris
Motacilla tschutschensis
Motacilla cinerea
Motacilla alba

Anthus richardi

Anthus hodgsoni
Anthus cervinus
Anthus rubescens
Emberiza chrysophrys
Emberiza pusilla
Emberiza elegans
Emberiza spodocephala
Fringilla montifringilla
Pyrrhula nipalensis
Pyrrhula erythaca
Carpodacus formosanus
Chloris sinica

Spinus spinus

Eophona migratoria
Passer montanus
Euodice malabarica
Lonchura striata
Lonchura punctulata
Lonchura atricapilla
Phoenicopterus roseus
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Fig. 2. The distribution of bird species richness of all circular sample areas
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Fig. 3. The distribution of bird abundance of all circular sample areas
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Abstract

Vulnerability of major wildlife habitats in Chilan was analyzed using remote sensing, geographic
information system, fuzzy logic theory, and principal component analysis (PCA). First, we obtained
samples of vulnerability based on landscape change analysis from 2001 to 2011. Fuzzy membership
functions were then defined for 13 environment factors using the relative frequency of vulnerability. We
developed a vulnerability evaluation model through PCA, which reduced the number of environment
factors and determined the weight of principal components. The results demonstrate that 12% of the
landscape is dynamic and includes the degraded vegetation zone (4.3%). Vulnerability was classified into
five levels: slight, light, medial, heavy and extreme level. According to spatial distribution of vulnerability,
most areas classified as extreme level are located in relatively high altitude, steep terrain and vulnerable
surrounding environment. The preferential place of slight level was found at low altitude, flat terrain,

great anti-interference ability and areas largely covered by vegetation.
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Fig. 1. General geographical features of this study site in Cilan area.
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Table 1. Landscape change categories for 2001 and 2011

Landscape change categories Change trajectory
2001 2011
DF DF
Unchanged OF OF
NF NF
. DF OF or NF
Vegetation degraded
OF NF
. OF or NF DF
Vegetation recovered
NF OF

DF=dense forest; OF=open forest; NF=Dbare soil or grass
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Table 2. Accuracy assessment of land cover maps from 2001 and 2011

Classified data 2001 201

PA UA PA UA
Dense forest 93.43 94.81 94.53 94.18
Open forest 87.76 86.58 85.92 87.77
Grass 87.76 82.69 90.00 84.91
Bare soil 86.67 89.66 91.18 93.94
OA 90.80 91.40
OK 0.85 0.86

UA: user’s accuracy (%); PA: producer’s accuracy (%); OA: overall accuracy (%); OK: overall kappa
value.

: ?x@:’ [ ] Artificial tending area
x ’ Bl Vegetation degraded

" - Vegetation recovered

| Unchanged

[& 2. 2001~2011 7 ]l S5 E KSR
Fig. 2. Landscape change trajectory for 2001~2011.
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Fig. 3. Fuzzy membership values based on (a) altitude; (b) geology and (c) distance from river.
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Table 3. Results of principal component analysis
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Selected principal component

Eigenvalue A;

Variance (%) Cumulative variance (%)

| 2.94
I 1.84
i 1.46
v 1.07
\ 1.02
VI 0.98
VII 091
VI 0.80
IX 0.78

KMO: 0.691
Bartlett’s test: p<0.01

21.00 20.99
13.11 34.10
10.41 44.51
7.60 52.11
7.30 59.42
7.00 66.42
6.50 72.92
572 78.63
5.58 84.21

K 4. Il BRI % R <5 i i A By i L A5

Table 4. Area and proportion of each environmental vulnerability level within study area

EVI level Grid number Area (ha) Proportion (%)
Slight 75,495 6,794.55 12.13
Light 162,536 14,628.24 26.13
Moderate 180,706 16,263.54 29.05
Heavy 143,068 12,876.12 23.00
Extreme 60,322 5,428.98 9.70
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Fig. 4. Distribution map of environment vulnerability.
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Table 5. Environmental vulnerability with evaluation levels and characters in study area

EVIlevel  EVIvalue range Character description

Slight <-0.31 Extremely stable ecosystem with great anti-interference ability,
humid climate, relatively low altitude, flat terrain, great canopy
density and away from the environment with opposed vegetation

Light -0.31~-0.07 Relatively stable ecosystem with high anti-interference ability,
comparatively low altitude, and good canopy density

Moderate  -0.07~0.17 Relatively unstable ecosystem with general anti-interference ability,
comparatively high altitude, and general canopy density

Heavy 0.17~0.46 Unstable system with poor anti-interference ability, comparatively
high altitude and weak canopy density

Extreme >0.46 Extremely unstable ecosystem with very poor anti-interference

ability, relatively high altitude, arid climate, steep terrain,
fragmentary vegetation and vulnerable surrounding environment
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