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e g 25 7 B T Y B (4 2 A 8 S PR B TR B 2 B Y LB - /NG IRE
(Tachybaptus ruficollis) & /KIsk B 5 [ 750K H iR AT 28 S R A K
S ERMTEHEBEEAEE D - AT EE R A D RS ATHY 21 {4
M > SEEE 2012 4 K 2013 AR5 Wl B R0/ NI IRE SRA R B S L B BT - bt
FUHAREI LSRR 99 (B - HESEMIH 4 A8 E 11 H > “PHEEINE 3.3 = 1.4 0
PL 4 JRONE R L - BERGIHFRBLELRCT S (apparent nesting success) 5 14.1% » {2
FRBRA - TEEHEEANWERIREIR &AL 46 HBRS - HRXERE
KA BB AT R SRR MU 27 (E - ZZRUETE R (75/99) SRR
YEFEEE 20 m AYEEEIA - SAERTER I BIE S E BAKEY) (HEE ) BEEE



BRI /NGBS (Tachybaptus ruficollis) (1A RF AL ETEM IR

B IEAHRR (r, = 043, P <0.05) - HEIERIGZREINE ~ H5 - BUBRE K
KRR B BB R E R R B RBRRE - DU DK 28 &
R B FEAFEIHRNZ AR -

B dHEA ¢ AEORMY ~ EONE  BARTER ~ KEdR R ~ /NERE ~ KOS

Abstract

Understanding species—habitat relationship is fundamental to effective conserva-
tion planning and management. The Little Grebe (Tachybaptus ruficollis) is a water-de-
pendent bird species widely distributed in heterogeneous wetland ecosystems in Taiwan,
but its breeding behavior and nest characteristics of life history are poorly understood.
We collected characteristics of nesting sites and assessed the nesting success of Little
Grebe in 21 ponds in Augo Wetland between 2012 and 2013. We found 99 nests, and the
breeding season was from April to November, much longer than that of most Taiwan-
ese breeding birds. The mean clutch size was 3.3 + 1.4 with a modal clutch of four. The
apparent nesting success was 14.1%, with high heterogeneity between the years. The
leading causes of nest failure were predation (46 nests), followed by fluctuation in water
levels that resulted in flooded or stranded nests (27 nests). Most nests occurred within
20 m from the embankment (75/99), and the number of nests significantly correlated
with the emerged vegetation (reed) covering the ponds (7, = 0.43, P < 0.05). The breed-
ing outcome was influenced by clutch size, nest height, nest closure, and water depth
beside the nests. The food resources in ponds, the efficiency of foraging, the water level
fluctuation, and the pressure from predation would reduce the nesting success.

Key words: Augo wetland, clutch size, nesting success, predation risk, Tachybaptus ruf-

icollis, water level fluctuation
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R B R E KR - Bt - b
KB R bk VB % 5 Tl A RE T RE » 2
%5 % T A YR B A (Bilal et al.
2013) » HIT K THERZFNEHEA S
FH 4% B R 2 5B 1Y 52 2 (Gardali ef al.
2012; Murray et al. 2019; Wang et al.
2021) > {5 4= BR AN 8 H 1 A 4 R —
LLE (Ma et al. 2010; Xu et al. 2019) »
AT S B RHAK SRR
= #71 )& (Studds et al. 2017) » . H 2
AL F R BR B T TR TR K S
(Routhier ez al. 2020) °

7K R TR VAR ER A B (L Y B A
A o WRARE B K B, 25 R M B iR B
85 (L 4 (Yuan et al. 2014) ~ EFE 1T
B (Brandis ef al. 2018) ~ DA K /K & ¥
SR ERSE A FIREE (Lehikoinen et al.
2016; Meliani ef al. 2020) » A B it
TE A R LK S (R 5 3R (Amano
et al. 2017) - SSHAHYE BB S 2
RIARMES N LR R T T 78 A 1 B
T B (Martin 1998; Clark and Shutler
1999) » WEYEIREH) ~ o {25
A YRR )~ FH Y S A AP~ R

ML~ AR - M MRAS R N TS
% (Loucif ef al. 2021) » 2 S i A 35
B R ESHEEN RN EER
2 (Latif et al. 2012) - 1 EJAETE 1877
> i€ (Fontaine and Martin 2006;
Athamnia ef al. 2015) ~ & fir £ % (La-
tif et al. 2012; Loucif et al. 2021) ~ ]
& (Kloskowski et al. 2010) ~ §iF{b2Hg
(Assersohn ez al. 2021) ~ &L (Loucif et
al. 2021) ~ DL R 5895 K5 (Keithmalee-
satti et al. 2020) #0245 H B HE K AL
EZRZE - Hf o REWEEEE
I R T S SR A S i i £
(Fontaine and Martin 2006; Latif et
al. 2012) - Martin (1993) 2 [ = &

SHEATRZ I Ei e B &E bkt
HE S S - HgfHEHE TRZ
Tt & B B A A B R i & < Fon-
taine and Martin (2006) HI| 5 4 1F #% =
EEERDT - S gfEhiEs
TE SRS A4E AR ST AR W S
H e S B SR B R K F R LR E
JE\ b o SRR EH R G E Y2
DA KB - B = S A R A
EHIRE - AEEMBEETETEE



B 1% R S Y B S B (Martin and
Roper 1988) « [l &) & R HY % FElm
BN B R R ETA R (Martin
1987; Sieving and Willson 1998; #&
2010) » 7 28 [T 52 B L A Vi S B IR
BEA/IN (Martin 1987; Kelly 1993) -

/N W JBE (Tachybaptus ruficollis) &
2 AT R B aE R R D ~ IR AL
YOELIRE ~ DA FE AR B RS
R &I (Dickinson 2003; Brazil 2009) °
/IN G I i/ D B 7K & B - 28 K
e 1 m DAY SA4R KIS 87K A4 Bl s
RS B ~ AR R /N B R (Cec-
cobelli and Battisti 2010) » 37 & ££ 7Kgk
T ZE ¥ B 5L (floating platform) #ETT
25 (Moss and Moss 1993; O’Donnel
and Fjeldsa 1997) > & —fE%KiKEAH
= FE 8 5K #Y & F# (water-obligated bird
species) (Ceccobelli and Battisti 2010) »
45 H 1 SR R E R Mt Y A 3t
(Sebastian-Gonzalez et al. 2010; Bilal et
al. 2013) ~ 7K fir &8 Efj (Moss and Moss
1993; Riensche et al. 2009) ~ A FyiEE)
+#& (Keithmaleesatti et al. 2020) )5

7% (Thongcharoen et al. 2017) ZEFHRHH

ORI NGB (Tachybaptus ruficollis) WAL FHEEE TR R

B o /INBREEE B BN G EE LA
BEHEE (F5% 2012) > BRFERH
Z K4 S IEAE E BA R FR MK
5 (¥ 2000) - HEAHERVHFREE
FEI LB NIE R R TE ST By (e.g.,
B% 1984; 14 2000) > 2P/ HEMEMH
HARESS VTS AN - TER BRI BR
WEEN/ NBREE BRI A T AT
A o BRIL > AT AT S R4
WAEIEE SRS - ARBRITIHEE
I NBEREAY 1. S UV E R UV
FEBE B N 2. B AT Ay A
B DARERET 3. s B H B TH R %Y
ATRERIZR » DUE Ro & G AH B R M A2 8

T S EE 2% -

— ~ 7R B B A
EoRAMEE A A RS
JEkE - EEETEE R — R IE R
2 F ORI LR (the East Asian-Aus-
tralasian Flyway) {5 & FY 2 %2 1 5 3l
Z— BEALAZHARENRESR
(Anatidae) ~ B T} (Ardeidae) - B& F}

(Laridae) ~ @8 F} (Scolopacidae) B fi
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F} (Charadriidae) F/K S8 ABEE - K
1% eBird 48 I SFHEFHE (https://ebird.
org/hotspot/L3980078) EE % ith i &
A 287 1@ B - HEWEEE
HEMES/NEREEEE - AR A
TEZ 578 A 1B (entrance) & 8i)E
15 (sea-viewing tower) [ 2T IV ATIERL B
BREACHEITH A (B 1) - B
RatEAaiKERE AR - BFH
J& B LR F R 20 4T -
AIRFRAE AR EA 6 (EELhiE
(& 1) » ZmPEEFES T 0.8 £ 1.5 ha
[ ot 3 R [ SR O T T (Mela-
leuca leucadendra) ~ &5 (Phoenix
hanceana) ~ 2 5 (Hibiscus tiliaceus)

AT - AIEAN AR KA Ry
R (Paspalum vaginatum) ° SHME

& & (Phragmites communis)
s

GRS AT AR B 15 (6 B 20t b
(1) > BEE RS A 3 ha (ZRP

£ 300 m ~ FFILE 100 m) o & Lo I
MH#S 2 o LAY B A SR AR
(Leucaena glauca) F. & B (Melia aze-
darach) 75 FER - H7H A 52 5 A A
EH BT (Premna serratifolia) F1$5

EEE  MIEAN EEZEKEY R
wi o HRBEE - BEE (Sesuvium
portulacastrum) ~ LA EREE [ (Suae-
da nudiflora) 78 FTEY)

T~ vt B SR Y
AWFEH 2012 5 H £ 11 A &

2013FE4HFE10 M HF3E7TK
HATA 21 BT — U NSRS BE
A WA AT TR 2
BB ETE &N - Bhoh - AT
2012 FF 4 FAE & EHERE &5 1T
—MRAKALEE (510 em DL R R $8 5T
et ) DAF & OB 22 155 50 gt S /K

IREAE Ry BL55 KR Z MRS - SHE
I AT AN B ZEE /K SRR AR
R BOEEKIEY) S5 e = NGRS
BE RGBT R - SR
SrEHERE T
(—) AsEEHUHE

1 KA (FEARTIE KIS ) (wa-

ter depth of pond, WDP) : FI|F &%

B/KALE > DLHS A bt

B R FAEAMIEKSE > e/ NEAL Ry

lem e



2. M B R A T (TR )
(vegetation cover of pond, VCP) :
BIEHEMHEGE )T rEEREE
A KA YRGS S R B
1 > LR 10% [ BRI 43 B 11 {845
PELTEOEE ©

3. I (pond area, PA) : £ i
S PE SR - B ha -

(=) Sl E

1. 5 (nest width, NW) : DIEAER
A BB RS K B R RE
& /NSy 1em -

2. 15 (nest height, NH) © ZH # 451
TE/KTE BV R RS - S/ NEAL R
1l em -

3. & 55 /K 7% (water depth beside nest,
WDN) : DU HI & B A0 Z I & 4
(BT » BRI - /N
fizfy 1em -

4. LATEEEARE (nest closure, NC) & DL
Bk H B EA £ 51 (spherical densitome-
ter) JHI & 07 F @A - FICH]
BEOREE - B~ PE -~ JLIUE T fir
AIRERARE - HUEEI9ME (%) ©

5. AL EE R T B I IR (R T

R INBEBEE (Tachybaptus ruficollis) TSI FHEELIEFE R TR

I ) (distance to the nearest embank-
ment, DNE) : DL GPS Garmin 60CSx
JE fir B hE S A hk - 3l AT A Google
earth RUAR T L & S A7 B Tt I
R PR RERE o [EIH A FHIEE (Lei-
ca Disto A8) HBIRIE » S/ NERALFy
0.1m-

6. fi HT B H S EE B (R R AT A )

(distance to the nearest neighbor,
DNN) © Il GPS Garmin 60CSx TE{if
% BIE S B T B R A AL - A
F Google earth KB T B HI&H H
SRIECEE - H/NEAL& 0.1 m -

7RIS HEY A S E (A ESE

78 ) (vegetation coverage beside nest,
VCN) @ DLEAr o0 E13% 4 m? 774
it L Olympus E-PL2 ( £ fE 14-42
mm kit) AR FJ7 1-1.5 m &
I fa R PE R AL PUE DT A B A - A
10 x 10 FEEMEE & 1 m® A 2 2
KAEYEETE (%) » AIFE &
E 20134 4 HE 10 HfEpT#H 2
LI -

8. AL SF /KT & T F 4k (e &

5 fH = ) (vegetation height beside
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nest, VHN) : DLELA7 .00 H13% 4 m?
Tt o 43RG ERPERIAL 4 {# 1 m?
Jit& N2 HEK Y28 H KA S FE
= ET A 0-50 em SCEF Ry AR 1
51-100 cm A55F4K 2 > >100 cm F55
W 3 o ATHANEFEIGAE M E 2013 4
FITagEi ~ BIE A -

=~ BOERE A

B R E SO KEY
55 = AW BEY BE B - S EG Y
R/ NBFSEIE R - 3 2 T RFHE
PREE 2 N LB R B By 1k
BREEE GBI > DR
HAAM 2 S KON Fon B S 2 B O
%7 (clutch size, CS) > [FJHF 50 5% % W
OB TER T HHH - AR5 S E
HE /DAL H 8 2 (Mabee
1997) & E 5 s BIERL TN & (successful
nest) * NAFEEIENINE 2 EFREE
T R B0 26 Fir & (failure nest) @ 3f7 Fl]
FH A B8 8 52 1] B 2% SR PR (MLoss and
Moss 1993) » [RFEERIELIT :

754 (flooding) © 72 5 S A7 R 3
KA R i A SEN T o B

ifel2% (stranding) * JZ¥5—VJRZKAL
TR A Rl B T ST KA~ R AE
ezt (U SEE DA RS R
R -

REIn & (predation) : =H FHIE
A CRNEC R BRI ERGRER
W IREERL ~ R R BB HEE B oRE
ML HEA - IV 8UH K BB E/K
BEERMARZ A C. EEib
HER - ey O=BOHK - HEAHE
EEOH A S A sE - RN R H
B B R e - FELEEE - BE
BEISE (2155 2012) -

R BH JE A (unknown cause) :
FIE A 7K A1z S8 A1 B K A 228 5%
B a0 AL SRAETBHEUK i SR (L
PRSI LA R R BRI © B, UNEUE
o~ ERSCBERCE AR EEE
C. EWH b HET - SRR A D H 8
{ir PR A B S 408k -

AN > AWFEAE 2013 429 HE 11
HEART > 0 AT SO Vg AR & 25
F— /NSRS 45 R B TH H S AG SE By
EHA RN RRER T



JEE o MBS R AR 1 BELAk
&% H I AHEE (DLC Covert 1) #1 1 &
HERF 2% (Brinno TLC200 F1.2) > 47
RIHETT 22 K Fe 36 REVVEIE KRB &=

114

[ o

Py ~ 8 E A R

43 A F FH 22 814 (apparent meth-
od) (Jehle et al. 2004) K #5 3¢ H 1%
i (Mayfield method) (Mayfield 1961,
1975; Johnson 1979) ZRETE H LT -
Johnson and Shaffer (1990) 5 1} > %&£
TR DA R E IR - MR tEIEM
AT RS HE IR E
RINE - M BIHE S H e R A A
SNRRR BN R BRI - Al
(i PR A I RE S H B IR - JRBl
ELREA I AT aC 8 o B SR B B DA SRR 22
HHOGET R HREH )% (apparent
nesting success) © HAH B 51 5H A =40
T

R INBEBEE (Tachybaptus ruficollis) TSI FHEELIEFE R TR

No. of successful nests : FI/ LAY
HE -

Total nests : 4B HEE -

No. of loss nests : J<H7 HAVEHE -

Total nest days: 7538117 % R EHI4H
e

Incubation days: “F-¥9 (B K%L -
DL 20 K&t (% 2000, AFAFRAER ) -
T~ BRI

7 22 F] Fi} Spearman’s rank cor-
relation AR £ FTEC 8% 2 /NG IRE B¢
TH BB R S UM B AT - SR
7KFR e A S A 7 S A S R R - B A
B o [T RE HRF o B B T B 2 T O B
BEITRR <2~ 3~ 4 R >5 JHINEE 4 fE5
> FIF o BoE s HIAR (B 5 O
BIE R I SR U AT AH R S A R
HAZE (Moss and Moss 1993) » ifi L
Fisher exact test #E 1T 55 1% W fd LL K -
Ryl — D ERE s B TE A T S HAr
MR FRAPIFI SR EE LA

No. of successful nests

X 100%

Apparent nesting success =

No.of loss nests

Total nests

Mayfield nesting success = (1

" Total nest days

) (Incubation days)
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(Monte Carlo likelihood approximation;
MCLA) Z FEF4R MR &4 (General-
ized Linear Mixed Model; GLMM) » [
{EE5A1] (Bernoulli) 73411 f EEHEHTT (logit)
G BiF IR (ER MCLA
AT AT R T &R (1) 8155 Ji & (0) HY 52
ZEIN T k% 8 (Knudson ef al. 2021) °

SIATEISCET R A B Y B R R AR N
~f- (variance inflation factor, VIF) if;
Fr VIF > 5 By & % (Akinwande et al.
2015) » DL o0 558 B fa] A o= AH BR R T
B A4 25 T 4R M (multi-collinearity) 52
%o P A EE N T (fixed effects) £
SEINECH EENW) - H5
(NH) ~ #35%/K% (WDN) ~ S8 EHE
(NC) ki 4%2 (DNE) % 6 THA T

MHEARFEFA (Year) St (Pond) 5%
E By lE %R F (random effects) o ZA<Bff
Fe LU S0V ARBHIRZIE AIC (cor-
rected Alkaike’s Information Criterion;
AlICc) Jr BRI ATt e GLMM fHEI
HyZI > [EBF DL Alkaike’s Information
Criterion 73 872 {H (AAICc = AICc, —
AICC ) HSHERF 1 H, AAICE < § 2
AL (KB 4YAR] (parsimony)

1 AAICe < 2 H i Fl i/ D i RS2 8 K
AR 7E 35 By A (£ AY (Burnham and
Anderson 2002) [t 4 FAM HL K] A
Primer 6.0 (Clarke and Warwick 2001)
AT R B B E e T
(distance-based Redundancy Analysis,
dbRDA) - iz DAAH AL 53 A7 (analysis
of similarity, ANOSIM) 2 I &, B2 5E Bl
DR M T B A A ST S
P o it GLMM 3 Hr8ls+ B A R
4.1.2 (R core team 2020) #Y glmm &4
(Knudson et al. 2021) > A 43 7 R A
F STATISTICA 7.0 (StatSoft 2004) Eil
Primer 6.0 17 > F7A &K DL mean
+sd 3 > BIE/KAEEE R 0.05 -

Rt
AT

/INHERE R AG BIE IR (E RV DR
) - BRI BIE B g B aa ]SS
Bg R ST R R R
ST R - A BT ERFEL]
HEMERER - BHEOW SRES
S B SRR S B R AR5 BRSO HY



EN1E - REEEUNRFANEON - HikE
RS K > BN BRI REEE
HES B AN S EGER LS N -
STEIREGNEL B 20.1 = 1.5 F (n = 10) -
W ONHAR - 3RS R SRS AT DL
O - BN LR > HEgRERT
BEEAS A BRI A
AKTES) - (BN S EEE s - Frafk
Sk 0 | RS KR FRE
g b AR FKRERRS
el EHR22HRES  HEA
g RHESsans LERET -
HR/VPEHE3 FER L3S - 3 FHlR
Z 4 FER S gHAESE > 1
EHEUZANRZ - SRS LR 2 £ 2.5
&l H - P g EE R DS &P
e Bl R aEp S - sk S S ERFE
BS—EVEEE L EH » 2RSS EE
7 BEEE o Bl BIHWIE KRQIFF4E 34
A -

T~ B LR B L Ty AR

1 2 {18 /]~ B S % B 5l A o
2012 4E A S A 18 H S B 58 —(E % 0E
& FELE 11 H 14 HEREEEE)

10

R INBEBEE (Tachybaptus ruficollis) TSI FHEELIEFE R TR

20134F 44 H 2 HEHE—EEIEL -
Z[EF 10 H 5 HEREH » 8nEst
JRRIA /NSRS T 22N 4-11 FRTETE
FEIEE > Hih DL 57 A R EE S ik
([ 2) - FFFEHARM HECER 99 EETEE -
Forp 14 SESEAY) - HRBEATR
LG JE F TSR DN 3 7 A1) Ky 14.1% B
27.2% (2 1) © 2012 4EEFH 42 {EE5H
B Hodr 10 EEIE Y 0 2013 %
ST BB IE S - Hoh 4 SEETE K
Ty » 2012 FEHVRE E KRR KAGIER
TEEPINZRITHE 2013 Fopm (R 1) » &
S A R P S B BT S Bt
TE.78 2REEEAARE (r, = 0.43, P < 0.05)
(& 3) > H LU BT 7 7 20%
£ 70% Frac sk B H BB EK S - =
LIE SR BUMIEEE (r, = 0.11, P =
0.484) R tEZK%E (r,=0.13, P = 0.407)
2 [ AR AR R

= RN BT R L

Frac gk 99 Ml I & - & OV &
By 1=7 B2 > Hp L4 $H0RA 29
Hhix%  HXE3HEINA 22 # 5
(B4 FEINE B33+ 145-
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053 4 S5 ON BT R D S 8L 25 i A
MHR A BB 25 (= 1243, P =
0.006) » FHHEUNEL >5 YR S LG
B HAT A/ (Fisher exact test, all
P < 0.05) > oAl 3 {EHER (<2~ 3 K
4 FEON ) IRy Rl T S EL (1 Al i B 2 5
i (Fisher exact test, all P > 0.05) = #%
KRB L2 —E A REH
(BRI ZE > 1E 4-11 A/NHEREETE
AR A S 5 3 KO R BB P 4R A
50 cm PL_E ([E 5) - /NREREHY -1 &
B 383 + 7.2 cm ~ /KA FEEE 3.1
+ 1.2 cm ~ §327K7% 573 £19.1 cm ~
HATEPAE 18.7 + 23.6% » AL B
TIBIYPERE 147 £ 12.7 m ~ FERITHD
[EE 723 £575 m~ HFHEE 347 +
18.4% » §L A7 55 HE/KE Y = FEE R AR />
17250 2 100 em 2 [t - HL55HH = H 4R
IR 14 0.7 (£2) ZEEHAAY
S B RE B F R 5 20 m (N2 12K
TR BRI 2 5 (8 6) » 45 AT AE
HEE R HEEMIENST AR
H 2B N BRSSP RE SR A B E B
LB G -

T 54 fir 12 3t 7 A0 GLMM 95 #f7

11

Ho FTAN A SEEAY VIF B39/ R 2
ah B AL ET 5 8 [ AAICe < 8 HyFEAY
(% 3) H AAICe <2 YR #
"CS+WND+NH+NC | - Bl B i (15
A H AICe fH £y 66.15 ~ K1H & 6
wi {8 By 0.637 (2 3) » &A% U8
(CS) ~ H 557K % (WND) ~ # 5 (NH)
ELENTEERATE (NC) F 4 (B E N T K
M (Pond) FEAE A 19 BB M (%
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Tablel. The number of successful and failed nests of Little Grebe, and Apparent and Mayfield nesting
success in Augo Wetland during the breeding season in 2012 and 2013.

2012 2013  Total

Total nests 42 57 99
No. of successful nests 10 4 14
No. of failed nests 32 53 85

Apparent nesting success (%) 23.8 7.0 14.1
Mayfield nesting success (%) 43.9 13.4 27.2
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Table 2. Summary of nest characteristics of successful and failed nests in Aogu Wetland. The mean =+ sd is
shown for each variable. Sample sizes are shown in parentheses.

Nest characteristics Total nests Successful nests Failed nests
Clutch size 33+£1.4(99) 4.4+1.3(14) 3.1£1.3(85)
Nest width (cm) 383£7.2(99) 41.1+7.7(14) 37.9+7.0(85)
Nest height (cm) 3.1£1.2(99) 4.1+1.6(14) 2.9+ 1.0 (85)
Water depth beside nest (cm) 57.3+19.1(99) 67.2+16.9 (14) 55.7+19.1 (85)
Nest closure (%) 18.7+23.6(99) 13.6+14.4(14) 19.5+24.8(85)

Distance to the nearest em-
147+12.7(099) 143+7.7(14) 14.8+13.4(85)
bankment (m)

Distance to the nearest neigh-

72.3+57.5(67) 66.6+459(10) 73.3+59.6(57)
bor (m)
Vegetation coverage beside

347+ 184 (55) 284+133(4) 352+18.8(51)
nest (%)
Rank of vegetation height

1.4 £0.7 (55) 1.3+0.5(4) 1.5+£0.7 (51)

beside nest

24



BEEYZEEIRIS TW J. of Biodivers.25(1):1-30, 2023

% 3. LGRS HEEERBTEIA (AICC) ¥/ INISREHY A R IR (R TR AU ERISE ~ G521 « RP R
& (K) ~ AICc {B ~ AICc #={H (AAICC) & Akaike weights (@1)

Table 3. Ranking of models on individual nest-site variables for the Little Grebe nests based on the lowest
AlICc value (AAICc) (K, number of variables in the models, oi, Akaike weight explaining total

variance).

Models K AlCc AAICc wi

CS + WDN + NH + NC 6 66.15 0.00 0.637
CS+ WDN + NW + NH + NC 7 70.22 4.07 0.083
CS + WDN + NH + NC + DNE 7 70.68 4.53 0.066
CS +NC +NW + NH 6 71.24 5.09 0.050
CS+NW +NH + NC 6 71.74 5.59 0.039
WDN + NH + NC + DNE 6 72.09 5.94 0.033
CS +WDN +NW + NH + NC + DNE 8 73.90 7.75 0.013
NC + WDN + NH 5 74.07 7.92 0.012

* Variable abbreviations: CS: clutch size ; NH: nest height (cm); NW: nest width (cm);
NC: nest closure (%); DNE: distance to the nearest embankment (cm); WDN: water
depth beside nest (cm).

®K is the number of the explanatory variables in the model. AICc indicates the corrected
Alkaike’s Information Criterion. AAICc = AICc; — minimum AICc, The bold face indi-
cates that the candidate model is the most parsimony model.

T 4. DL AICe BERRHVINRBIRE (Tachybaptus ruficollis) SAIFFECZ B GLMM AT AR SR B (55 E -
SE R HARESR

Table 4. Parameter estimates () of the most parsimonious GLMM model supported by AICc for the Little
Grebe (Tachybaptus ruficollis) nests.

Fixed effects Estimate (B) Std. Error  z-value Pr(> |z|)
Intercept
Clutch size 0848 0267 3178 0.0015**
‘Water depth beside nest  0.038 0015 2533 0.0113*
Nestheight 1061 0268 3959 <0.0001**
Nest closure -0.070 0.033 -2.144  0.0321 *
Random effects Estimate  Std. Error  z-value Pr(> |z|)/2
Year 0.000 0.000 0.707  0.2398
Pond 0.009 0.004 2.635 0.0042 **
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5. /BRI R TUBR TSR A A R B R R R E oy Th
Table 5. The coefficients for linear combinations of variables in the formation of dbRDA coordinates and

the percentage of explained variation.

Nest characteristics dbRDA1 dbRDA2 dbRDA3 dbRDA4
Clutch size -0.489 -0.315 -0.337 -0.282
Nest width -0.195 0.227 -0.312 0.772
Nest height -0.515 0.237 -0.399 0.299
Water depth beside nest 0.186 0.460 -0.010 -0.139
Nest closure -0.426 0.176 0.009 -0.007
DNE’ 0.138 0.153 0.578 0.199
% explained variation 38.76 27.53 18.92 8.30
Cumulative % 38.76 66.28 85.21 93.51

"DNE: Distance to the nearest embankment

T 0. EEURM /NS BT K R Y R RS
Table 6. Causes of failure of Little Grebe nests in Augo Wetland.

Cause 2012 2013  loftal
Flooding 9 8 17
Stranding 9 1 10
Predation 9 37 46
Unknown cause of failure 5 7 12
Total 32 53 85
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Sea-viewing Tower

Entrance

L A 2 HER B EESURM A AL B R - 205 Z A a8 517eoR 2012/2013 4
BlE:2k Vit L o
Fig. 1. The sampling ponds in Aogu Wetland. The numbers beside each pond represent the Little Grebe

nests found in 2012 and 2013.
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Fig. 2. Numbers of Little Grebe nest recorded each month.
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Fig. 3. Relationship between the number of Little Grebe nest and the emerged vegetation cover of each
pond (%).
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Fig. 4. Relationship between recorded clutch size of Little Grebes and outcome of the nest stated by the
observers. Black bars represent the successful nests, and white bars represent the failed nests.
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Fig. 5. Monthly rainfall (mm) and average water depth of ponds during the study period.
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Fig. 6. Number of Little Grebe nests found in each class with different distances to the nearest
embankment (m).
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Fig. 7. Distance-based redundancy analysis (dbRDA) ordination plot for the fitted model of Little Grebe
nests and breeding-site characteristics along the first two dbRDA axes.
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How modes of transportation influence road carcass

detection probability
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R FI o

i EESEUER - ek - SHEARUE - BSEEIBRAG HEHIR

lll’

114

Abstract

Volunteers participated in a roadkill survey with the liberty of choosing different
modes of transportation, including by foot, bike, scooter, or car, depending on the local
line-transect status. This method helps increase participation rate and obtain a larger
sample size, although the roadkill survey detection rate would be affected by the chosen
mode of transportation. In this study, we tested the transportation influence on road car-
cass detection probability, and evaluated factors of roadkill survey detection probability,
including the survey speed of observers, experience of observers, road types, species
taxon, and area size of roadkill body. Surveys by foot showed the highest effectiveness
(74%), bicycle (42%), scooter (32%) was second highest, and car (12%) resulted in the
lowest detection rate. The modeling results show that transportation mode and observer
moving speed were the primary factors influencing the carcass survey detection rate, and
the experience of observers and road types were the minor factors. We also discovered

that the area size of roadkill body and observer moving speed can significantly affect
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carcass detection probability.

Slow-walking observers could search for the most species and roadkill bodies.

Considering the trade-off between feasibility and participation of citizen science proj-

ects, we suggest volunteers/observers search carcasses by scooter, keeping the moving

speed below 6km/hr, and allowing more than 30 minutes of search time on the 3km

line-transect. The research team needs to train experienced volunteers and maintain the

fixed study site with the same observers to improve detection probability. This study re-

sult will be useful to correct sampling bias and estimate the abundance of animals killed

on the roads in Taiwan. We could also assess the roadkill risk of different taxonomic an-

imals.
Keywords :

probability

2k =
\\\ﬂ =]

HERH T AR ERA
EER V) BB TR S R
ER BST B R B A YR
AYF4E - LA & (L BLFE Y = Rk
(roadkill) i@ & > EHEEBE S EE
By A YO B BV E AR (Van der
Ree et al. 2015) -
28R PER AOHEE

P 5 T R = 1Y B 22 2 — (Meijer et al.

33

Road mortality rate, Roadkill, Search efficiency, Road carcass detection

2018) » HECEFAEFNYIIEERS FIETHY
B - HATEZE LA SEEY)
BRIk Z B b B 224y (T
B %
Network, TaiRON) (https://roadkill.

tw) > A% 112 2011 = 8 H AE B &
B AY R e rh B - 2L T EEARSME
(crowdsourcing) ; J7 L E T A E
LY 2\ B R (citizen science) 51 -
[ 5 7 R A I B R B A

% 1 » Taiwan Roadkill Observation




B o BEIRE G RE R I R R AR
REER  HiEEEE SIS
TUEHRL » AT = [ Y 2E [ B
RFE NI RZE - K SEhE 2=
BRIVRFERN - ST SR ER -
KAZIE (Chyn et al. 2019) °

Ko T RE AL R BT A Y
FEIEBUN BT 2 BB - BSR
H 2018 FEEHEE) " R 4RALESSEEN )
[E20 REEE  (DUT fRERS % 24010
34 ) (https://roadkill.tw/spa/report) »
LATTR& AR I 2 ik 22 AR B 77 ik
1,440 {[E 5x5 km AYFEE J7H8 - FHRAE
RERMESE (BF 1992) BLER B E
FE—ERETE - RRREBEEE
RERME AV EAELE G - DLy e 2t
BUAE 77 sUBEER 420 fl BB (RFMEATE
&7 FNZERERE - A2
BLENEA 1~ 47 K10 H & #EfT—
RFE - PEAITR LN R EZEEN
SE 2 A EERE R (HE (1W)
FiE QW) ~ $07E W) =k H it i S
(4W) 20T RS ~ AR ~ i ERS K
RHERE) fFRFATRE > SKH
BREG R/ 3km - R ER

34

REGNH RIS Y EER RN RN

SCERFTA S8R 2 A6 U P A HE B )
PEfE (PR 2018) -« Ky TIEFTRAZ
AL 7 T e (R A PR - B Rk
o8 N PR 2 B R A IR0 P Y 2 i
7 B LB TR AT -
RAVBA B ~ A B IR B 1T I L AR B
G R

S 2 BT A B ) R RS R SE B
5 bR T E B AR RIS
T E R B S YHL FA H R T
HIEE A BERG B %S (carcass persistence
rates) 2 58 75 {5 1] % (observer detect-
ability) (Guinard er al. 2012; Guinard et
al. 2015; Korner-Nievergelt et al. 2015;
Barrientos et al. 2018) « &% BE B 75 &4
KRy SEENY) PTG v] DAE i R e
SR G2 yfEfEE - RIERZESE

P& - FHEENREN SHEEEE

B FERFERILEYRIRE > Bah
L BB EN N Ry B HRAYIA T
UME SR ET SN RE S A E B & YA
HERESAYME RS - F R 5
e B NS B S ST A B
FlEr B N E A T El#H - G RERE
N mir LEEEIR - HER



BIEEYZHEMATE TW J. of Biodivers.25(1):31-59, 2023

e a8 A E FHYAC 730 - BERE A/
YITESAEE (taxon) BIERIRSE > thE g
BR A RS SEEN Y BE RS YA
5 R RIS I A By BRI ZRAT 15
AT -

& 22 W5 ELl A [E] 2 3 7 =B R
SEENY R E R 2 BONTST
EA 1T~ e FAT P = B B B Y 3 A 4
Stz SEH T B A B A B UM
% BE 7 A B B (Brritzoe ef al. 2003;
Guinard ef al. 2012) * {i F 417375
& AR SR E AN > HFE
FEERL LI - A BT REERE
HYFRAE - (R - KL EAYES SEEN Y58
AR R E T A » DL
[ 3 20km/hr 7 #5845 (Erritzoe ef al.
2003; Guinard et al. 2012; Santos ef al.
2015; Slater 2002) °

P IEENY) FREASHI RS B R/ MU E 52
BN A RPN BCORHY BERS
BESWANE] > 2B ALEN Y 8L S M
H HS B AH R 7S W A= R B G T AR AY G 2
K [EIFF IR ALEN Y B B Y FE RSt Eth
W AE FARE AT I BE A o X IR -
5k 545 & #% 38 A 5 P {E ] (Barrien-

35

tos et al. 2018; Guinard ef al. 2015; San-
tos et al. 2015) - HIX » FAEF K,
H 1] Re i B A (% (Slater 2002)
P 7 21 4R L A A (R 28 300 fir & L
S > FHREE—{E A 0V AR R A 52
R ZEOH - (HE A 54.4% HEHE
/NG AR RE R E S TR E > 44.6%
R E R REAERF RIFEIE A (M5
2021) > BUREMOIUE @S EE R
R SEBIARAR

= N E Y B E & K
i B SE B8 & SCEAEL 2 HRAY 53 1A
HEREIRAR - KB EUE RSB
R 2 o IR R (R &R A e
M 2 B FAY i 52 3R (Guinard et al.
2012; MacKenzie ef al. 2002) - [t 7
B ZE A S 3R [F] 52 28 U7 = S SR B
e Hs S A (U s - DUT A
KB 7 5~ 4 T AT 7 =TT A [F] 2
A BETHRRE - YRR
FESEENYI e S A/ NE R IR 2 52
B ZE 4 SR A B AR IR 2= B ST A 8]
PEACAE B IEE - DUREHE R E B
BRI EE B -

I =3
RIRE



R e

5 SEBh Y Joe e S I R

By TR EZE T (T ~ |
BEHL - MEEERE ) TER [F]E R A
(B -~ %iE - BB EMER ) -
HpgtB YR EAR 2 K
WHFE R R & iR &
S0 o3RI 4 TR (] S B RS T
G FERGREYY 1km - 45T 45 B
ERSEEAR (1B 1~ Ffgk 1) - 2018 4F
3~7~10 HEL2019 4 7 ~ 9 H HAME 4L
18 fir A& (3E 5 (rEsaktt A RFHE
I BT A A B LR 13 i
L) 28 oy plEAT - I
REBUS EEITIE 0 RET T 8 K
FEIEENYIR A « IR T RS (R
B - IR B o BT — 20
AT 4 BAEREEE TR
Fo TRV S AN EAH T4 HR
Py s iE T B S - KPR E A
JRE  PRE - RIS IR T
& AN B SR 1 5 -
AT & B E R EaEEsE >
BB FREEIEENY) BERE - DU
BHAM A EAVACEE - A LU E

E/
=7

36

REGNH RIS Y EER RN RN

BT EC a5 R AT BT A B SL B e
#% 0 W ERSEEN Y BERG S I E 8em LE
PIRRadRaC s - LAE RIRERITED
PGB A MEFE RIS FIREE - [FR R
T EEY B R E R EREN: - BRITRES
SEEYIBERa RS IR IR R A - IR R EY
2T PHERE R - PR SEENY)
FeRgiC ek « AARHIE R RITEENE
—ECERNARARAR - WEBERRRE
B 38 0 R A R P REL £ (38 2 i Y
{THERTE (km/hr) ©

A A4S IR 2 B R (s U7 A B
VIR YR - BRI - iR
fdr 4 A T ARV HESE RIS -
B X R LA A E ES ST E )
B LB LT A ERITEY)
Az B RIS R s
HEHY A BN (LU R
AR) (A1) -

iy RAYAEAEIED BRI |
KRBT IIE = = e 2o |

EOGAT ~ Tl E S PR B
i S LB P ot et i A

{5 F B2 5 o M8k Tmagel
EBRR PRIEEFIR R sERA



BIEEYZHEEATE TW J. of Biodivers. 25(1):31-59, 2023

R R B U R LL IR AR o M
B ¥ B B R Eh ) e BE Y I B (em?®)
(Abramoff et al. 2004) » AHFFEEEREE
— BESEEN Y BE RS T 43 HUsk 1 L (1 e o
BT » HP s KRB R G ERRK
SIEFEEE LR > KILE AR AR
R HCE RS SR R A NI AR TR -
— EHIFIME BT A SO 8k IR A HYESSE
B Eas m % o FE T th
SEYIEEFERS T © 1T HE RS B 4
TEAT 1 7 =B -

R
P — ¢ R I3 1T 28 5 i
SR (R R )(Logit transforma-
tion) 1% 1E Ky f{< % % (Warton and Hui
2011) (AF2) - FHEHERGER
=, (Generalized linear model) 347352
(ERRy A E T~ TR - HEH
BANE /EL (f8{LFs TRUE / FALSE
IS ~ AEEANA AT S B2
Slf7 i FH &R S B & B 9204 (Information
AEITEREL > DL
£ B 1 R T S Y 5L 2 (Burnham
and Anderson 2002) » ZA<HFZZ LA R mult-

theoretic approach) ?

37

comp [ glht pR%Y - 172 (A L[]
AAIER - [FHFE & 7 H A S R
KB 22 T » DL Tukey Contrasts

HETT B A 2 R FET A W W S 3 (B LD
sl E T EZ
[~ BEME N BIHET - B
ZEEEAEZER -

¢ (Pairwise) °

logit = log [ fEiliZ /(1 - {EMIA )] At 2
R R AR [R5 3 7 =
AT S — RS A B S 1/0
(9 45 #k {& (Boolean values) * {E 5 B
He (e R B 5 O A AT 2 RS 8 >
DLG3 H7 i — (R SR BN 477 J5 A Y 9 (A
» 3 RS ORIE 5 R B 52 2 75 =0y
TEET - TTHEE - BIYEE - RS
THITES 3 TE A T Ao 52 B R IE B Y e
BEW LTS © ARRZEF] A RS
g% » HETDL A EE I SRS
s = b - DSk HEE AAICe
/N 2 RIS B A & TS

Bk TGS 18R
SYRISTAEAE ~ e - M
TSI 4 B YDERE R R



TErP LT 80% M Ryl $R &R} (Train-
ing data set) » {45 Fif 4l J7 = AT Y
PR > WL AR RIERIY 20% £
AAE Ry HIERE R} (Test data set)

o BEHIEE R AR RS
AEER - B E G RILE - HER
ROC/AUC i & Ay R 8 A (L f =AY TH
MEETT

LT

A‘ZR

st

LS S5 2 4 97
e+ DL 4 B TR A 7 1
BB 5 AR L 857075
AT - AT BB EIY
BB M LR A /1 By 25 B
{8 TN —BATEB Y TR A 5 A

TR o RIBE AR AE R - TEE
RARBATRE G S S LT A - A
AR E AR T A R B TR -
2%

A i R
A WIFFE 58 Bl 558 HE 4R R &
(448126 X~ F4iE 170 X~ 458
118 2 ~ HAth 7E % 144 ) -~ 45577

38

REGNH RIS Y EER RN RN

H 657.3km ( 4 8 153.64km ~ % &

i 132.74km ~ H A

AT EAI T
B8 B fE 2.68+0.73km/hr o Fi i

202.34km ~ 4 & iH
e

‘I:l‘
X

P% 168.55km) ©

H 4.44+1.56km/hr > 18 . 6.25+2.7km/
hr > 7K B 9.51+4.16km/hr » 4 f& %3
AN B R RAV R H & fy - T
Fll 5 B 1.88~9.75km/
A H
BESAKE » MGk
1,801 £ (71.50%) ~ &1T

1.25~6.75km/hr ~
hr - % EE 2.19~19.05km/hr
1.76~26km/hr °
FI T A 4 3

JE 601 £ (23.86%) ~ 525 68 £ (2.70%)

I FLIH 49 & (1.95%) » Hp {7 ]
o 25 2 0y 48 e G B i % 74.95% > Hl

I HH 34.34% B % H 30.81% 45 5 A
L TR ERRME 12.43% - FESJERT
Y pehe < Mt 2T E SRR %
BB P E IS
SEAEBGLE R /D » U H2 W A S A S
ST e B (S A E 10.66% © BHYISEELR
P2 I 7L L S ) e s L o A B
TR A S AT CHEEER
VREHANT - I LB B A R A
o 22 F B EL L2 W A2 S B TR T Y
=fF (F1) o

72.88~76.47% >



BIEEYZHEMATE TW J. of Biodivers.25(1):31-59, 2023

1 (BT BB EE - PRERELSES 4 il T R B SRR SN pe G A (ORI -

Table 1. Summaries for carcass number of animal taxonomic rank by class, detected by four survey

methods: walk, bicycle, scooter, and car.

Reptiles

Survey Amphibians Birds Mammals Total
method

Walk 75.51% 72.88% 76.47% 75.55% 74.95%
(n=1,360) (n=438) (n=52) (n=38) (n=1,888)
Bicycle 31.15% 40.93% 57.35% 38.78% 34.34%
(n=561) (n=246) (n=39) (n=19) (n=865)
Scooter 29.21% 32.28% 51.47% 42.86% 30.81%
(n=526) (n=194) (n=35) (n=21) (n=776)
Car 10.66% 13.14% 35.29% 36.73% 12.43%
(n=192) (n=79) (n=24) (n=18) (n=313)
Total 1,801 601 69 48 2,519
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Table 2. Ranking of models of survey condition and variables—speed, vehicle, expert and road type—in

relation to carcass detection ratio on a transect line. AAICc indicate the difference of AICc between
a model and the model with the lowest AICc (in this case, 1701.66).

Model K AICec AAICe AlCc Log-likelihood
weight

THERERm T EHEFHE A 10 1701.66 0.00 0.97 -840.63
B+l
TTHEREHAT B T BT A 7 1708.70 7.04 0.03 -847.25
=
TR E+AT 1 T HE FR AR 9 1727.70  26.04 0.00 -854.69
THEHEE RS m T 6 1731.60  29.93 0.00 -859.72
I AAEEAE A BHERIE 9 1790.39  88.73 0.00 -886.03
it
THHERE+EEAE A B+HEIRE 7 1849.74 148.08 0.00 -917.77
ijitl{
THEREHEZETFR A 5 4 186398 162.31 0.00 -927.95
TR S HE R AE A 6 1877.99 176.33 0.00 -932.92
{THERE 3 1888.64 186.97 0.00 -941.30

Sl ey S A G > 4 THEN
SR AN AT Ry (A
3) > HHAFEEHEGH AAICe X
2 (£2)

(FURIZR ~ BB + 1T + ST + BB AR + EREA A3
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4.1) - SBATHIEHIZR 7 A B B
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FAE 2 (p=0.165) > [T fA % B B R B IR+ B ER R R EF - £

HIEHIREREE (p<0.001) SIS BT HA B S P BV (DR RN A
M & P FRRTT RS S B (p=0.003) » JMEARRIEELINE > 7F

THEEN > AG 25 — KAY AAICe > Gat B RB&EE (p=0.072, p=0.056)
2R R R Ry EAH B (coefti- (FFEk 4.3)

cient=-0.183, p<0.001) » & = & = 17 B A 4 FE RS Ty =00 Al

AT RS 7 RS PR ER SEEN I e HiERSEENY) RS IV HIRGE S > AT

fe o HEHEANBFEEEN—KE W —ERSEEIY e RS IR > &

THIMEMIEETT (p<0.001) (Ff§k 4. 2) & AICe FY I =4H & Fy BE R 15 5 il

BRI AR TR A ER PR > B AICe YA 4H &

3~ R A 4 EACE T ETTRSEEN YR BB IE T - DIER SR - E—p3tE
FERSHHECHISE » FIPSSEENYIBER R, - FEASafE « TRV G - ZHEEREET - &
BURA AlCe < 2 VB G - BRICENYIIERE Ry 88 (e iRy By 4 (EERE (4R -
TerT3 ~ B8 - WILE) AU ESE > IhR + SvAREYE RS R AR S -

Table 3. Under the different conditions of surveying by four types, models combine with variables, including
carcass area, speed, class, and the interaction term of area*speed to describe the detection chance of each

carcass. This table only shows models with /A AICc < 2. (Animal class is a categorical factor being split
into four dummy variables, “+” mark means class was a part of the model variables.)

Sl;l:::())’ds Intercept Area  Speed Class g;:gz Lo%j;l;eli- AlCc A AICc  wi
detected by  0.891  0.006 2 -853.420 1710.8 0 0.572
Walk~ 1.182 0.007 -0.114 3 -852.704 17114  0.58 0.428
detected by  0.327  0.011 -0.219 3 -996.281 1998.6 0 0.524
Bike~ 0.543  0.003 -0.270 0.002 4  -99537 19988  0.19 0.476
detected by -0.256 0.018 -0.181 3 -875.072 1756.2 0 0.709
Scooter ~ -0.179  0.016 -0.194 0.001 4 -874956 17579 1.78 0.291
detected by -1.028 0.022 -0.216 + 6 -446.092 904.2 0 0.292
Car~ -0913 0.025 -0.231 3 -449.113 9042 0 0.292
-1.238  0.033  -0.193 -0.001 4  -448.432 9049 0.65 0.211

-1.345  0.031 -0.179 + -0.001 7 -445.435 9049 0.7 0.205

41



REGNH RIS Y EER RN RN

Ry BERE TR + {THEHE  JREY BRER? 0.5 - BERRAfR B THEEEAYAC
— BRIV B RS HE IR - A (& OAFRSAEEE - 1M 4 EsE )=
AlCc AR E By © FERgmfe + 17 HASTHTEREAESEHEAES
I + BRSLEYIEEE (R3) > DIE FEA FRE BN - Her 3 1

FIA AICe < 2 HYSEEIZHE - FEAEHY DR RN AP i DA
IR Ry R GER (FgksS) - R R A B - FE0R

FRBAT ~ BIEEEE ~ PREELR BEHEALRN TR E ARSI HE
4 TR i 5 AR A G R 2 B R (5 R HAt S E 7R TSR AR
B Mgk S) - BURHITHIENE ZREICENVISEE AT o W AR
KIHE I 0.5 » IREAYEHIFEARAIT e SR A A s = -

car- —_— L2 e sew ssome oo . e
scooter- T 1 * _—a ¥ — "
B
=
=
[
>
bike- _ + — e e L] L] se

walk - ~[H——.- [

0.0 0.2 0.4 0.6 0.8 1.0
predict chance of detecting each carcass
il 3 ~ RN E S (8 R [EIAC a7 =00 - SHER RS SEE I BERS (MR (@ F35{E)
By 0 2547 0.75480.01 ~ BB ER 0.4220.11 ~ HEE 0.3220.16 ~ Y58 0.11£0.12 -
Fig. 3. Boxplot of predicted chance of detecting carcasses by the averaged model of four vehicle types ( 4 :

mean value). Chances of four vehicle types were: walk 0.7530.01, bicycle 0.42%0.11, scooter 0.3210.16,
and car 0.11£0.12.
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2% B SE B e G (IR R 4 R Ry 2
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E& L 0.53 (1km/hr) ~ #5 0.43 Qkm/hr) ~ 55 0.26 Qkm/hr)

Fig. 4. We set the carcass’s class and area as control variables, and used the sequential gradient of speed

to simulate the survey scenarios from slow to fast through the average models to generate detection

probabilities of each carcass in the sample.
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=Y Tk/hr B EDHIRE A 0.1 0 B
A g R i &Sy
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2003; Guinard ez al. 2012; Guinard ez al.
2015)
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Figure 1. The transect maps of the roadkill detection probability test by different modes of transportations
in (1) Taichung City (21 transects) and (2) Nantou County (24 transects), which included four types
of roads (1W: Provincial Highways, 2W: County and City Highways, 3W: Township and District
Roads, 4W: Others).
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Appendix 1. Forty-five transects’ information. These transects wee located on low-elevation hills in
Nantou County and Taichung City (1W: Provincial Highways, 2W: County and City Highways,
3W: Township and District Roads, 4W: Others).

BRERAC  EHEME

5 - 7 FERE (km) EEBGAGERE  REENACTE  KRERGERE AERKE

Region 1d Road Distance Stgrt S.tart Terrpinal Teminal
type longitude latitude longitude latitude

FATSERA A 2W 1.20 23.8009  120.7891  23.7921  120.7833
P % B 3W 1.00 23.8292  120.8274  23.8249  120.8198
FA % C 2W 1.00 23.8599  120.7686  23.8514  120.7680
FA D 2W 1.16 23.8677  120.7707  23.8599  120.7686
FA RS E 4W 1.30 23.8353  120.7363  23.8359  120.7238
FAF F 2W 1.50 23.8349  120.7502  23.8353  120.7363
FAF G 1w 1.20 23.8145  120.7505  23.8122  120.7389
FATSERA H 1w 1.20 23.8159  120.7625  23.8145  120.7506
2R I 4W 1.27 23.8250  120.8197  23.8329  120.8251
FATSERA J 4W 1.00 23.8329  120.8252  23.8386  120.8296
FA % K 3W 1.30 23.8250  120.8197  23.8279  120.8105
PR L 4W 1.20 23.7921  120.7837  23.7854  120.7855
P % M 2W 1.18 237702  120.7719  23.7709  120.7608
FA RS N 2W 1.10 237708  120.7607  23.7696  120.7525
P Q W 1.36 238122 120.7388  23.8147  120.7263
P RS R 4W 1.13 23.8387  120.8296  23.8405  120.8328
P S 3W 1.20 23.7814  120.7762  23.7736  120.7822
FAF RS T 3IW 1.20 23.7736  120.7822  23.7652  120.7875
P RS U 3W 1.00 23.8270  120.8965  23.8211  120.9039
FAF \% 3W 1.10 23.8210  120.9041  23.8262  120.9079
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FAT % w W 0.90 23.8338  120.8963  23.8394  120.9028
2R X 1Y 1.20 23.8394  120.9029  23.8444  120.9014
FE % Y 1W 1.10 23.8339  120.9126  23.8356  120.9179
Ezfies z 1w 1.60 23.8357 1209180  23.8435  120.9175
Zi Al 1w 1.19 242840  120.8064  24.2789  120.8163
2 A2 1w 1.11 242789  120.8163 242710  120.8228
=2 Bl 1A 1.03 242875  120.7958  24.2944  120.8009
2 B2 W 1.08 242944 120.8009  24.3032  120.8004
L) Cl1 2W 1.28 242601  120.8164  24.2536  120.8125
2 C2 2W 1.18 242536 120.8125  24.2532  120.8077
2 DI 2W 0.87 243085  120.8200  24.3028  120.8259
el D2 2W 1.17 243028  120.8259  24.2953  120.8340
24 El 3W 1.12 242862  120.7726  24.2862  120.7828
2 E2 3W 1.07 242862  120.7828  24.2855  120.7932
24 F1 3W 1.10 242623 120.8322  24.2678  120.8398
2 F2 3W 1.04 242678  120.8398 242736  120.8460
2 Gl 4W 1.26 242694  120.7919  24.2659  120.8005
=24 G2 4W 1.26 242659  120.8005  24.2564  120.8067
2 HI 4W 0.91 242604  120.8172  24.2687  120.8136
2 H2 4W 1.00 242687  120.8136  24.2604  120.8172
2 1 2W 1.27 242268  120.7978  24.2184  120.7941
2 2 2W 1.30 242184  120.7941  24.2086  120.7949
=24 A 4W 1.05 242354  120.8098  24.2264  120.8126
2 2 4W 1.20 242264  120.8126  24.2163  120.8166
2 J3 4W 1.16 242163  120.8166 242069  120.8214
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Bifgk 2 ~ (EFHZOAT - MIBSEE  HEERBIDS SR 4 fe S0 )T FUAY SR A (RO -
Appendix 2. A summary table for the detection ratio by four survey transportation types: foot, bicycle,
scooter, and car.

Vehicle Minima 1st.Qu. Median 3rd.Qu. Maxima Mean SD. n

Walk 0 0.638  0.779 0.867 1 0.738 0.195 143
Bike 0 0312 0413 0.538 1 0.419 0.186 129
Scooter 0 0.17 0.303 0.4 1 0.306 0.196 143
Car 0 0 0.077 0.176 1 0.123 0.161 143

Bitek 3 ~ MIAEHE - TEFTHE - SR ESE 4 SRR SEBYIFE RS AR (cm)
Appendix 3. A summary table for the animal carcass's area. We measured partial samples of amphibian
and reptile carcasses, and all samples of birds and mammals.

FEEY Minima Q.1  Median Q.3 Maxima Mean SD. n
W A= 2 1.21 1043 17.17 27.17  129.11  21.00 15.48 1,138
5 1.90 8.40 15.36 31.19 36492 2722 36.72 373
EXE 3.13  24.07 39.21 68.56  321.18 58.44 59.07 69
T A S8 9.28  25.69 63.08 111.35 32630 78.04 66.01 48

56



BIEEYZHEMATE TW J. of Biodivers.25(1):31-59, 2023

ffg% 4 ~ LL R multcomp::glht() % » £ THERAEA S (FHE ~ TR + SOET7 + %%
SHEANE BT + B o FERb kR 3 EEHIER (XLIE BEEREAESEL
EREAL) BINESRI NI ELER > DA Tukey Contrasts fEFEATELER (DI ~ TTHERRFE + sc}E
T+ BERE AR BT + EREA) - SERETR (D) DATRIERR S R IS BB
el e L e IR (DRI A B 3 1 - ﬁﬁﬁﬂﬂ*ﬁéﬁffﬁ%ﬁéﬁ{éxﬁﬂ?%%ﬁ ERRE Q) B
BN BRBEEN T TAENAED » Q) BRI AEE PRI NREERR
HIB

Appendix 4. Using R package multcomp::glht function to conduct the Simultaneous Tests for General
Linear Hypotheses Multiple Comparisons of Means by Tukey Contrasts on three category factors:
Vehicle, Agent (expert or volunteer) and Road type, within following model: Fit: glm (formula =
det.rate.logit ~ Speed + Vehicle + Agent + Road type). (1) The detection rate of roadkill survey
was better than that by foot than by bike or scooter, and it was no different between bike and
scooter. But the detection rate of bike and scooter was better than that by car. (2) Expert surveyed
better than volunteers. (3) The detection rate on the road type of 4W was lower than [ W.

(D) 323772 Mode of transportation.

Linear Hypotheses: Estimate  Std. Error zvalue  Pr(>|z|)

bike - walk ==0 -1.2652 0.1397  -9.059 <0.001  ***
scooter - walk == 0 -1.552 0.1478 -10.498 <0.001  ***
car - walk == -2.3043 0.1824 -12.631 <0.001  ***
scooter - bike == -0.2868 0.1396  -2.055 0.165

car - bike == 0 -1.0391 0.1646  -6.314 <0.001  ***
car - scooter == -0.7523 0.1453 -5.177 <0.001  ***

95% family-wise confidence level

bike - walk — t 1

scooter - walk — € 1

car-walk —-| ¢ ¥

|
scooter - bike — ¢ i }

car - bike —| f 1

car - scooter t )

-25 -2.0 -15 -1.0 05 00



(2) A A BBLE T (Expert or volunteer)

REGNH RIS Y EER RN RN

Linear Hypotheses: Estimate Std. Error  z value  Pr(>|z|)
TRUE - FALSE == 0.537 0.101 5.326 <0.001  ***
95% family-wise confidence level
TRUE - FALSE — ¢ )
T T T T
04 05 06 0.7
(3) B FAA Road type
Linear Hypotheses: Estimate Std. Error z value Pr(>|z|)
2W - 1W == -0.167 0.132 -1.262 0.586
3W - 1W == -0.126 0.144 -0.876 0.817
4W - 1W == -0.477 0.138 -3.445 0.003 **
3W - 2W == 0.041 0.135 0.304 0.990
4W - 2W == -0.310 0.128 -2.428 0.072
4W - 3W == -0.351 0.139 -2.525 0.056
95% family-wise confidence level
2W-1W ¢ : j
IW-1W ¢ 7
AW- W ) 3
3W-2W ¢ )
4W - 2W ¢ -
AW -3W ¢ :
T T T T i T T
08 06 04 02 00 02 04
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fifgk 5. B 0 (1) 2247~ (2) MIBEEE ~ (3) HREE B (4) JREEE 4 TR AT Ry Peais=t - S {EfHER
HELURL 95% (SRR

Appendix 5. 95% Confidence interval plot in horizon line ranges and coefficients of averaged models
aside of four survey methods: (1) foot, (2) bicycle, (3) scooter and (4) car.

0 . o

walk ~ Area + W.speed + Area:W.speed Coefficient bike ~ Area + B.speed + CLASS + Area:B.speed Coefficient
average average
P -0.11443 B.speed q b—— -0.24298
< = Area:B.speed - I 0.00181
o o
g Aread I 0.00653 e
8 8
° = Area - H 0.00744
ntercept) < L —
(Intercept) 1.01544 (Intercept) - k i | 0.43033
00 05 10 15 00 05
3 “
scooter ~ Area + S.speed + Area:S.speed Coefficient car ~ Area + C.speed + CLASS + Area:C.speed Coefficient
average average
sapeni —_— -0.18447 N -0.03705
CLASSM - — | 0.5115
+ Area:S.speed 4 1 0.00048 o (GLASSEN —— | 0.74615
c c
. o
% % C.speed - — -0.20774
¢ Area H 0.01765 8 Area:C.speed - 1 -0.00093
Area - " 0.02703
( P 1| -0.23358
pt) - -1.1037
06 04 02 00 2 A 0 i
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i &

2270 (Eulophia dentate Ames) 7%2“%‘%%@%% AETARRY 3-4 {53 AaHE
JERFELELY 50-250 # » HEYE - £ RBERAEBEHEIAE T HEZ
T AT e 7 R DKV /K S SR R SR 458 SRR, » 51
B B AEEY) - RRE RS - AN S A B RS - T
HISNR A ETESR AL (Leucaena leucocephala) Fo KACKSES (Bidens alba) HIEE
R REEE L EW > BAREZERFH - 220 K (Bletilla formosana) FIEHR
FEL (Saccharum spontaneum) > TR S B AU BB GEE 2 EHA T - FEHIENY
B2 B R B RS B TTHIRFE A EEAY) > e HE
£51,200-1,500 pmol photon m” s > BRI AEY) - B4 FHIERRN T K B H
HIRARESS - Sz RS AMRIEYERAEZ AL » Bl KgAK
RAGEH > BN ETFREMETY: > R ZERTIEFMEES TF22% -
RedEGE - AEYIREEE - TEGZREE - SEREE - Sl

\

ll

Abstract

Eulophia dentata Ames is a native plant endemic to Taiwan. It is only found in
three to four areas in the past 80 years, each with a population of 50-250 plants. The
phenology, growth environment, and ecological and physiological characteristics of E.
dentata are not well documented. The habitat in Grand Canyon in the Zhuolan area of
Miaoli County was destroyed by fire and flood, resulting in a sharp decline in the ethnic
groups. Conservation and research are urgently needed. In this study, we investigated
the vegetation structure of E. dentate habitat. The invasive species Leucaena leuco-
cephala and Bidens alba have been growing rampantly and showing superiority in the
habitat. They are replacing the native E. dentata, Bletilla formosana, and Saccharum

spontaneum, which might lead to change in the vegetation structure. Through the mea-
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surement of non-destructive chlorophyll fluorescence and gas exchange, we found that

E. dentata is a self-supporting organism, and its suitable luminosity range is 1,200-1,500

pmol photon m” s'. Therefore, it is prone to be covered by invasive plants with strong

growth potential, and its pseudobulb and root system can easily rot under flooding,

showing its fragility. The results of this study can be used for restoration of E. dentate in

the future.

Key words: phenology investigation, chlorophyll fluorescence, photoprotection, pho-

toinhibition

FEF} (Orchidaceae) tH47) 2 AR 7k
AR > KA dnEAE S B
REsy - %ty ~ REIVR ~ HEF{E55%
& TF ~ MR B R P BE (Phillips et al,
2020) - W EEAEEE M &
H LLUEEACHD (pseudocopulation) Kz {5
{LERMEYVE RS | B —2k7E (Swarts &
Dixon, 2009) ~ FET-&CEHAEAL - (£ H
ARAMRES b B S A AR A i R T R
w0 AR - R RIS 2 oG K
A A B R R E AT A 3%
Zf (symbiotic germination) » ¥ 2 A ik
PR P B AT 30 53 5058 AR FE R AR B it
& 47 (Arditti & Ghani, 2000 ; Rasmus-
sen, 2002; Smith & Read, 2010) - %
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BN B AR [EHEEHE, (Djordjevié & Tsift-
sis, 2022) > HEMEPHEVIRH A&
fir & 1] 43 B 4= B (terrestrial orchids)
DL Rz Fff 42 6 (epiphytic orchids) » f.#E
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ZEYEE B YIEEE TG (2001) A%
i REERAE > ZEGEEREY
ALK EVRF 5% (2017) PB4 5
HUN  MERKEM - Y ARHRL
#% o ZRIMAT 80 FFAR(E Y B B4 R A
R RS A ERE - AR



BEEYZHEMEMIS TW J. of Biodivers.25(1):60-94, 2023

1A IA] PR BRI FE s & 2 B AR > A H IR
R WEEL > REEHHEER S50-
250 1 > & fBx 22 S 48 K (Critically
Endangered) 4K - BESCEZEMH YA 57
HEEZEGRNZET MO - &
SRR N L% KA BN FE— o 3%
BURSEREIGRY - T 2017 SRS
118 (Least Concerned) » £ 5[] iy &
BB REFR (B graminea)

W& A E AR - SR 2K
MR B R R I REER
R BB AT - BN (Near
Threatened) > H Fil & 52 2 172 A fiE
FHETE 247 (Chang et al., 2010) <77 >
REMERE S — R A
H—r AR K BEBUREE R &R

A 2021 ~ 2022 FAETTEFIMNEEF > £
ZEENE G AR R A S HE R
&R a7 - HRZ AT M2 EK

£ 2022 43 H IR E s BUR F A
B BURE IR -
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SIRE(L > ATREEH B R B
PREEARE - 2 Y A S 2 B

fatk > ISP ELEFME DL R
PSR BB 2 - PNERER
WOREST T R AE ISR
T ER - Ry TR A RNE
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BB = A K (Bletilla formosana)
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AR B AT A R BRI & - 7R
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JERHERA S BT RGN EE
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% [H % A 18 B (Vegetation) 3 2
PR R E A M - AHMK
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B IRAE FHRE - I ERERE
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¥ W

1. R5°5 (Eulophia dentata) 7> F I B34 B st e (i B ] (BN HH%g BB AR E - 2020) -

Fig. 1. The location map of an important habitat for Eulophia dentata in Zhuolan area. Scale bar = 50 m.
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Fig. 2. The average temperature (average), the highest temperature (ceiling), the lowest temperature
(lowest), and the rainfall (precipitation) in Zhuolan Town, Miaoli County, from 2012 to 2021.
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120 ~175 ~260 ~400 ~600 ~900 ~1,200 *
1,700 ~ 2,100 umol photon m” s % &

12 e E L HET IS > & Smin 2T
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#%H Fo ~ Fm ~ Fs ~ Fm' } Fo’ 2 &t
B WEHE TYEGREL2H (£
&% 5 2020 5 Demmig-Adams et al.,
1996; Johnson and Ruban, 2011) -

(DPSII 5z KOEAEEL B BE Fv/Fm =
(Fm-Fo) / Fm

(2) IEE(EEEEL NPQ = (Fm/Fm’) - 1

(3)PSII ¢ & T %% OPSII= (Fm’-
Fs)/Fm

(4) &E T H IR # 2 ETR = OPSII x
0.5x0.84 x PPFD

(5) YeABERHH S P e REEE B
P=(Fm’-Fs)/Fm’

(6) BB 5 AT SO REEE ST D =
1- Fv’/ Fm’ = (Fm’—-Fo’) / Fm

(7) BRI BE & 5 BT RO RE EE B
E=1-P-D

(8) LA™ PSII E R 2 LB
At Fv’/Fm’ = (Fm’-Fo’) / Fm’

3. AETEHNBEZME OLETERE
IS i )
fERBEE DL MERAE A%
(LI1-6400, LI-COR, USA) » #% [t 6400-
02B = (leaf chamber) f& A T.4[ B
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LED St » RSP SNHIE FEARZEECE -
FETE A - AHEREBIEER &
FLEEEIHE -

72 2021 4F 10 H R E R KR

) S B T A28 V3 B M o R

M ZEO KR TR G

M o SR Es O NE AT B ER R 1S

JE 20min » fy R 52 E CO, RIE - HEJE

BRI ALY 5-8 m 22N E AT E

28 UM EEE Ky 500 pmol s > HE

RS B CO, e Bl fE i R A [F] di

REE o S TS S HRETTHIZ R

5 B BRI RETR T EL R HE A

LU G EERE 2-3 B WAL SR HA

HERAEE  EEEgREe - &

8 Y LLYEE 400 pmol photon m™ s™!

BRI R T C A EE

HEHEER 0510

100 ~ 200 ~ 400 ~ 800

15~ 25 -
50 ~ 75 - 1,200 ~
1,500 -
VAR 1S TSR AL SOt
FRIFFEI4Y 7.5 min » AL 2GR
BN N —HE - BRRE AN
EIAM AT EE G

Fo e Rt & 1F F R

1,800 5 2,000 pmol photon m™

YV o amrd
EKIBE
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0-50 umol photon m” s™ FrHI1E> &
RAS M I T fh S BRI B A T o A B
HEFEHOEE R 0 pmol photon m™ s
iy CO, BEH A ~ SEEHA T 0 pmol
m”? s B TES R AR 0 93
FsBEIFI %2 (RA) ~ SERHIESS (LCP) K
TETRER (Qy) (P & #& > 2007) °

4. #Et o

DI E AL # S PASW Statistics 18 B
SigmaPlot 10.0 #ETT&R M & — K [Bl§F 77
MrelsglE - LR - RAESTRBIELER
SEIE LUAR MR Tukey's HSD #474HRH
PR -

5
(—) BTV S BT R A s R
L SR Rl P focilise
142020 4£ 3 H & 2022 4E 3 H i
TYMEEZE - 451 0 (R 1) £F
T R AR AR RS 0 T 2 AV
TEEERE I MTeEh (= 1) > L2 %
o ([ 3A) » {EdHHE %= 20-50 cm >
% IMERENZHIR FE 2

=E S (EHESL B 4-13 40 B
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FLu &Ry AL B 2 F 2020-2021 E % X (Eulophia dentata) 1 %3 &
Table 1. Phenological survey of Eulophia dentata in the Grand Canyon area of
Zhuolan Town, Miaoli County, in 2020-2021

Vegetative Growth Flower Pod set
Senescence
New
Month Developing/ initiation Full Pod Pod Seed
shoot Initiation
Full leaves /Yellowing blooming initiation ~ maturation  dispersal
initiation
leaves
Jan
Feb \% \% v
Mar \% A\
Apr A% v A% \%
May v \Y%
Jun V* v
July v
Aug \%
Sep v
Oct \Y%
Nov \Y%
Dec \Y%

*V O R E

A

i

EI I 2= LR L TSP

* 'V stands for the appearances of E. dentata in various time periods.
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ARTER > B _ERARL ([ 3C) > FE
R 2-4 AERBEAE (R 1) %Ex
BRI - &9f%k 2 TR - BT RGHR
([ 4A) - FIRFREESH 4-10(F -
WA EIG 2-4 (B H > R A
RAR Bttty 102 AANZEM K
([&l 4B) - A2 Fy e (R BHZE (&
4C) > T R H G - FIREEGERIR
fEEE R M H AL Z= g R 6 H BBk
R (R 1> B SA-B)> 'S

& 3. 4

SRR (Eulophza dentata) %{ﬁ;ﬁ%} A. £ %E_F%_TE? B. £
Fig. 3. Phenological survey of Eulophia dentata. Flower bud (A), young flower, (B) and flower (C).
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HRZERG% - 6 HZEiH4hEE

UNEEAVEIR - B o R A
Atk FEROEHE - BB 2-3 R R
([ 5C) - REREE 2 E 6 f oy o 55
SEHE ([ 6A) - HEEEREEET Y
ZUTHEMEZTE (B 6B) - T2 ERIH
AR NME TR ETRERE > &
FHIRE I A WE ISR (& 6C)
AR A& BERE BRI T ([

6D) > ¥TEERZ & SR e 2 > m] LS

FIATIN

%Eﬁ%fb)&’a C.1E -
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\&“ @ . p ) d ‘,' \:.\'\“ N \ 7 .

4. LFHl (Eulophia dentata) IFEHRE - A. 415 ~ B. REGGHR ATERIUL C. #UR -

Fig. 4. The phenological survey of Eulophia dentata. Young fruit (A), immature capsule for harvesting (B),
and ripe fruit (C).

5. 851 (Eulophia dentata) V)& o A GBI R EE B BEREERIA & ~ B. 52fE G R
C.E-
Fig. 5. The phenological survey of Eulophia dentata. Style and leaves (A), dry style (B), and leaves (C).
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& 6. %

SF R (Eulophia dentata) REREE - A {EEE{REREE ~ B REKEE

733~ C 2 KIREZ 8 R D.JE L -

Fig. 6. Pseudobulbs of Eulophia dentata. Healthy state (A), pseudobulbs split (B), waterlogged root

damage (C), and death (D).

LA 4 - 5 ARG R
TS > W 9 AREMI&ERE 0 10
JEZMRAGSE T - (£ R BIRETE 7
(£ 1) AKEARL KR RE 4 H
Z 9 Hf -
2. R A R R
B EHEYEEENR 2
A RV 1 FT 2 — LA E] 11 fEE
Yy R B R KR & - B
& 1 N RS 2 EEAE 0 Ryl
RT5 (57.27) ~ 2EH K (26.03) ~ ]
EEL(25.58) ~ RIEEER (23.97) 0 &

R
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FRIE S 15.76 > FYEKIVEE 2 N >
(BEATEIEY) R B IR 75 (46.30) ~ SR &
K AL JE
S (20.87) ~ EEH K (19.75) » FElE
2 NS SRR o W (I AR I S AT LS
B AEEE YR & B AT R S 5
H o

#1(30.42) ~ HE T (25.64)

(=) S EFHERASE
1. SEEEIR < Bk R EOL

DU R EEAR B = AR )
HETR (L4 E7A > =FHEYMZ
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R 2EREEYEZRE (IV=200)

Table 2. Plant importance value of the species in each plot (IV=200).

lot

0, -1 122 13 14 15 16 21 22 23 24
specie

R 152 16.0 158 16.1 16.1 151 X* X X X
dentate)

ERTE 535 5020 552 508 695 556 569 404 381 49.6

(Saccharum
spontaneum) 5 6 1 2 0 1 3 7 7 5
EBOR
EB/‘ZEJ il 289 247 270 268 219 266 246 13.0 234 178
(Bletila g7 1 s 8 7 4 3 3
formosana)
SRR

(Leucaena 313 17.1 221 369 119 339 13.0 47.6 22.1 388

leucocephala 9 5 3 6 0 4 4 6 3 5
)
KICp&EEr 313 209 246 265 119 284 13.0 188 20.8 30.7

(Bidens alba) 9 0 9 2 0 3 4 1 4 9

HEPR R 175 21.7 257 236 219 17.0 11.0 10.6
(Paederia 8.70 8.70

foetida)
ZEAAE
(Ipomoea 801 476 476 476 476 889 6.67 435 435 435

nil)

HET 17.0 375 476
(Miscanthus 476 1.76 476 4.76 476 8.70 8.70
Sinensis)
FUIREE 14.4 28.0
(Cuphea 533 ¢33 238 238 238 238 870 870
carthagenens 6 5

is)

VN5 7.14 19.1 17.3 7.14 224 7.14 156 870 21.6 8.70

(Equisetum 4 7 8 7 8
hyemale)

f=REMR X X X X X X 415 435 435 435
(Pteris 6

vittata)

HE 200 200 200 200 200 200 200 200 200 200

* X AREEACREBERAVIEN -

* X represents the situation where no plants appear in the plot.
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120
®  Lulophia demiara
100 = ¥ Bletilla sretala

O Sacefaram spaniansun

ETR (zmole m~s™)
3
|
[ I |
-
o oo
oo F

NS D
T i
g a
o

]

F-3 L+

I 1
LA

o
F—4— 0 €A

MNPQ
—- L]
I
{ i-bc')' i
o
1 [Tz
R
A
B0
oo
s
& !

] 500 1000 1500 2000
PPFD (xmol photo m™s™)

7. LT (Eulophia dentata) ~ 235 H K (Bletilla formosana) AR T (Saccharum
spontaneum) > 0 ~ 35 ~90 ~ 120 ~ 175 ~ 260 ~ 400 ~ 600 ~ 900 ~ 1,200 ~ 1,700 & 2,100
umo photon m-2 s-1 JEEE T » B F{HIEZA (ETR) ~ HFE PSIIEE (OPSI) K IR
{LELHAL (NPQ) 2 85L = I=SE; n=8 -

Fig. 7. The electron transport rate (ETR) (panel A), stomatal conductance (Gs), panel (B),
and non-photochemical quenching (NPQ) (panel C) of Eulophia dentata, Bletilla
formosana, and Saccharum spontaneum plants were measured under 0, 35, 90, 120,
175, 260, 400, 600, 900, 1,200, 1,700, and 2,100 pmol photon m-2 s-1. Different letters
indicate significant differences in Tukey’s HSD analyses at 12 illuminations (P < 0.05).
Error bar = standard error, n = 8.
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Percentage of absorbed energy

EFREEHTERFEERBETZMRE

ETR & FEYEE B nm phat Bt > 5
GileRla gyl FEREFAEE 900 pmol photon m” s B
SR 7531 pmol ¢ m” s+ fETE IR
AR -

5% (K 58.71 umol e m™ ™' 5 =&

H R AIEHR 75 ETR #26E 1,200

umol photon m™ s BFEEF = » 475

YEFE 2,100 umol photon m™ s™
5 u p

Bletilla formosana

£5109.34 umol e m”s™ F782.78 pmol ¢
m” s HIREEECREZH -7 ETR
INGIS Nz

OPSII AR B 5Ot Re B %
NEDEE T ZFEEY)HY OPSIT &1L 41
7B » FAYERE 0 pmol photon m™ s™ »
= HEYE) Fv/Fm > 57 B R R 5
0.74 ~ ZEH R 0.71 AIEHRF50.73 »
Vi 2 B G ' 2 i 42 =) OPSTT & [
Z R > FAERE 2,100 pmol photon m™
: s ZREEYHE OPSIHRE AR
PPFD (u mol photo m?s™)

73 A R 2R 0.06 ~ 2 H 52 0.10 F

Saccharum spontaneum

mom

8. LB (Eulophia dentata) ~ ‘Z/&H K (Bletilla formosana) FEHEFE (Saccharum spontaneum)
70~35~90~ 120~ 175 ~ 260 ~ 400 ~ 600 ~ 900 ~ 1,200 ~ 1700 jz 2,100 pmol photon m-2 s-1
T S EERHEE WUBERAYEERT (P%) ~ BUMHLSRIRER 2 EEB (D%) BLUEFGEE
U EE & 2 BRI (E%) 28k cn=8 ¢

Fig. 8. The level of P (photochemical quenching), D (thermal quenching accounted for the proportion
of absorbed energy), and E (excessive energy) of Eulophia dentata, Bletilla formosana, and
Saccharum spontaneum that were measured under 0, 35, 90, 120, 175, 260, 400, 600, 900, 1,200,
1,700, and 2,100 umol photon m-2 s-1. n = 8.
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HFR T 0.08 - DUTBS - BT SR LR
NPQ (RRATRIENZ IEIALEN  HINPQ » YEfE 900 umol photon m” s”
BERES) - RIS TSR NPQ  DUERS - BB REHHIRG NPQ -

SbnlE 7C - FEEOCE BT =TEE SEFPOLR N =AY E 0B E
V)2 NPQ tfE 2 b7t - W H R E s JAE 8 » BEEOEE A - AERSE (0-
2,100 pmol photon m” s™ HF ZEF = 200 pmol photon m™ s™) B » IR

SRVEAET R 272~ EEA L 434 B EE A KR TS P EEGIAERAE
SHARTE 2.92 » SO MEFH NPQ & 40-60% > EE L BFFERRTF 0 =M

W7 5 Y% 600 pmol photon m” s™ 19 D ELBg e iRt s o Ry tiFse
10
O Fulophia dentara
®  Bletilla siriata
8 A Naccharum spontaneum
L6
e :
o ab
o b
3 2
c
o
0
2 |
4 ] 1 L 1
0 500 1000 1500 2000

PPFD (gmmol photo m2s" I)

B

0. R5F (Eulophia dentata) ~ Z&H K (Bletilla formosana) FEHIRT-E (Saccharum spontaneum)
> 0~5~10~15~25~50~75~100 ~ 200 ~ 400 ~ 800 ~ 1,200 ~ 1,500 ~ 1,800 }z 2,000 umol
photon m-2 s-1 YL T 2/ E & EHIZEA (Pn) - [=SE;n=5°

Fig. 9. The net photosynthesis rate of Eulophia dentata, Bletilla formosana, and Saccharum spontaneum

that were measured under 0, 5, 10, 15, 25, 50, 75 100, 200, 400, 800, 1,200, 1,500, 1,800, and 2,000

umol photon m-2 s-1. Different letters indicate significant differences in Tukey’s HSD analyses at

12 illuminations (P < 0.05). Error bar= standard error, n = 5.
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SR EERE - AEER - SRl BT
R 55.94% ~ 28 K 67.54%
B B AR T~ B 58.54% - [EHFPEE L&
EJP N DIt &M E A E T
T A% E 2,100 umol photon m™ s™
0§ E 53 Al R R0 37.74% ~ 28 H K
22.12% SeEHFRF5 33.38% -

2. BATICIF A R R
S0 9 BT TS A 0%

EFREEHTERFEERBETZMRE

FI] ¥ & A1 EE (LSP) > Amax
5 3.63 £ 1.42 pmol CO, m” s ~ E &
[ K 1F % & 1,200-1,800 pmol photon
FISEEAT 0 Amax fy 4.71 +
1.26 umol CO, m” s K B AR T FL4E ¢
£ 1,500-2,000 pmol photon m™ s™ %7
FSEEI AT > Amax £y 5.39 + 1.92 pmol
CO,m”s" °

m?> s’ 0

m?” s BFE

LA 0-100 pmol photon m™” s™' St &
HYFE & 1F R &R M o i (3R 3)

YeEE R BB LR IEEE -

= o R R AR DR 5 T
i 1 ¢ & 1,200-1,500 pmol photon =1

By -1.5 pmol CO,m™ s © EFH

b

2= 3. M (Eulophia dentata) ~ 21 F (Bletilla formosana) R T-5L (Saccharum spontaneum)
ZIHEIR AR (R) ~ SEETUCER (Qy) ~ JEiERS (LCP) ~ i E1EAT R (Amax)
Table 3. Dark respiration rate (Rd), light quantum yield (Qy), light compensation point (LCP), and
maximum photosynthesis rate (Amax) of Fulophia dentata, Bletilla formosana, and Saccharum
spontaneum.

Bletilla

formosana

. Eulophia Saccharum
Photosynthetic parameters

dentata spontaneum

Rd (umol CO, m2s™) -1.500 £ 0.242*  -0.871 £0.384® -0.712+0.137°

Qy (COy/ PPFD) 0.064+0.012%  0.028+0.015%  0.017+0.002°

LCP (umol photon m?s™") 22.757+1.709° 32.851+£2.713%® 42.595+9.563°

Amax (umol CO, m2s)  3.628+1.421°  4.663+1.317% 5386+ 1.926°

n = 5. Data are mean + SE. Different letters indicate significant differences in the

Tukey analyses for three species (P< 0.05).
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&
° L
Saccharum spontarneum &)
4 -
2 -
Y = 0.0744x - 1.2151
0k R'=0.9541"*
2 I I 1 1 I
;;:m gl Eulophia dentata
E @
o
o]
o
T 2F
E
=,
= Y = 0.0577x - 1.1523
e 6= » R’= 0.8176""*
-2 L 1 1
4 = Bletilla formosana
2 —_
" Y = 0.0484x - 0.6027
M- R’= 0.9623***
2 1 ! 1 | |

0 20 40 60 80
ETR (#mole m?s™)

10. i 1R T EE (Saccharum spontaneum) ~ ‘8% % Bl (Eulophia dentata) % 2 & H I (Bletilla
formosana) F> 0~5~10~15~25~50~75~100 ~ 200 ~ 400 ~ 800 ~ 1,200 ~ 1,500 ~ 1,800 Az
2,000 pmol photon m-2 s-1 ¢ & 8L NG 1F AR EL S TR A (ETR) Z &R MR < 1
=SE o *#* IR P <0.0001;n=7 °

Fig.10. The relationship between ETR and Pn of Eulophia dentata, Bletilla formosana, and Saccharum
spontaneum under 0, 5, 10, 15, 25, 50, 75, 100, 200, 400, 800, 1,200, 1,500 ~ ,,800, and 2,000
pmol photon m-2 s-1. Error bar= standard error, n = 7. The determination coefficient (R2) and
significance of the regression are shown (***P <0.001).
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BTG ETRE 0.064 £ 0.012 0 Y&
TR E BALE T T EE 2 ik
g R=EEYH - HIEEALETER
R By BT 2 [ERREE ) - RFW 2
LCP % 21.871 + 1.709 pmol CO,m” s
Ty TG (R -

PR ETR B4
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A HE KA EE -
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Fenner (1998) 15 {4 I5EY)
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Y& FE 900 pmol photon m”s” | » ETR
([& 7A) BHPRERFET - ETR BDE & 1E
PR REN A — & e bh - Al iRy
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Notice to Contributors

I. General Guides:

1.

The Taiwan Journal of Biodiversity is an online journal (January, April, July and October,
http://tesri.tesri.gov.tw/list_protect.php) by the Endemic Species Research Institute, Council of
Agriculture. The journal is an academic publication that welcomes the submission of manuscripts of
various biological disciplines, including data paper, in the field of biodiversity. The manuscripts are
limited to original work and species occurrence data previously unpublished in any other journal.

The journal accepts manuscripts written in either Chinese or English. Submission of manuscripts in
Microsoft WORD format to be done via email: tjbd@tesri.gov.tw

Manuscript submitted will be sent to at least two referees in the field of its specialty for peer review
and comments. Revised manuscripts will be reexamined by the Editorial Board. Author(s) are
responsible for proof correction of the printer’s copy to ensure accuracy.

Corresponding author is required to sign a Copyright Transfer Agreement for the paper accepted for

publication to the journal publisher, the Endemic Species Research Institute.

I1. Manuscript Preparation:

1.

Research paper: Manuscript should be written in a sequence of 1) Title, 2) Authors’ full name 3)
Author(s) affiliations(s) and address(es), 4) Abstract, 5) Key words, 6) Introduction, 7) Materials and
methods, 8) Results, 9) Discussion, 10) Conclusions, 11) Acknowledgements, 12) Literature Cited. Of
them 1 to 5 should be written in dual languages, Chinese and English.

Data paper: Manuscript should be written in a sequence of 1) Title, 2) Authors full name, 3) Author(s)
affiliations(s) and address(es), 4) Abstract, 5) Key words, 6) URL of the website where the dataset and
metadata are available. The dataset and metadata should be built in the international standard formats
of Darwin Core (DwC) and Ecological Metadata Language (EML). For species occurrence open data
repositories, Global Biodiversity Information Facility (GBIF) is suggested. Author(s) must confirm the
correctness and authenticity of the data prior to submission. The data should be readable and its
meaning obvious for the data user(s). Importantly, if anomalies, outliers, and/or missing values are
included in the data, a distinct number or symbol should be used to clearly identify those values.
Metadata should be written at least in 1) Dataset content, 2) Coverage (including Taxonomic, Spatial
and Temporal aspects), 3) Methods, 4) Intellectual property rights disclaimer. To promote the free
dissemination of biodiversity open data, author(s) should not assert any proprietary rights to the dataset
and metadata. For example,

This {DATA(BASE)} is made available under the Open Data Commons Public Domain
Dedication and License v1.0. (http://www.opendatacommons.org/licenses/pdd1/1.0/)

This {DATA(BASE)- NAME} is made available under the Open Data Commons Attribution
License v1.0. (https://opendatacommons.org/licenses/by/1.0/)

3. Cover page should contain title of manuscript, author name(s), author’s (s’) affiliation(s),
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corresponding author’s name, telephone number, fax number and e-mail address, and a short running
title.

Title should be less than 30 words. Capitalize the first letter of each word except articles, conjunctions
and prepositions.

Author’s name should be first name first followed by surname. For multiple authors, use a comma to
separate the names but the last two names by “and.”

Running title should be less than 50 letters including spaces.

Abstract must be a single paragraph not exceeding 500 words.

Key words should be no more than 5 words.

III.Manuscript Format:

1.

Manuscript must be typed using standard software (Microsoft Word) with top, bottom, left and right.
Mark page numbers on the bottom.
Manuscript should be typed in a uniform character size. There is no need to differentiate paragraph,
title, subtitle or contents by using large or small characters.
Measurements should use International System of Units (kg, mg, km, m, cm.... etc.). All numerals or
quantities should be expressed in Arabic numbers. Years in the text should use A.D. universally.
Figures and tables in the text should be sequenced by Arabic numbers (e.g. Fig.1 and Table 1). Both
graphs and photos use same “Fig.” designation.
Common name of an animal or plant that appears in title and first appears in abstract and text should be
accompanied with scientific name. All scientific names in manuscript should be in italics.
When citing a reference in text, use surname and year, e.g. (Clough 1998) for single author; use “and”
to link authors, e.g. (Pimm and Gittleman 1992) for double authors; and use “et al.” e.g. (Baker et al.
1996) for multiple authors. When citing multiple references, separate them with semi-colons in
chronological order.
Use the following system for arranging references in literature cited.
For journals:
Clough, B. 1998. Mangrove forest productivity and biomass accumulation in Hinchinbrook Channel,
Australia. Mangroves and Salt Marshes 2: 191-198.
Pimm, S. L. and J. L. Gittleman. 1992. Biodiversity: Where is it? Science 255: 910-940.
Baker, C. S., F. Cipriano and S. R. Palumbi. 1996. Molecular genetic identification of whale and
dolphin products from commercial markets in Korea and Japan. Molecular Ecology 5: 671-685.
For books and symposiums:
Soule, M. E. and B. A. Wilco. 1980. Conservation biology: An evolutionary-ecological approach.
Sinauer Associates, Sunderand, Massachusetts.
Jinchu, H. and W. Fuwen. 1990. Development and progress of breeding and rearing giant pandas in
captivity within China. pp. 322-325. In: H. Jinchu (ed). Research and progress in biology of the

giant panda. Sichuan Publishing House of Science and Technology, Sichuan, China.
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10.

Table should be typed on a separate sheet and be headed by a title of dual languages (Chinese and
English). It consists of only horizontal lines and typed with English terms (if possible) and Arabic
numerals. If foot notes are required, mark with superscripts 1, 2, *, #, etc.

Figure should be drawn with black ink on a separate white tracing paper with a figure legend of the
dual languages below. Computer graph made from laser printer is acceptable.

Photograph should be a glossy black and white shot with sufficient resolution to be clearly legible after
reduction. When multiple photos are employed, the author should arrange them in plates. Micrographs
should include bars indicating scales of magnification. Photos should be pasted on white A4 paper

loosely with the figure legend below.
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