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Abstract

Dayukeng is the largest fumarole area in Taiwan defined by particular soils environment and unique
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vegetation. In this study the arbuscular mycorrhizal fungi (AMF) composition was examined in three
different vegetations in Dayukeng to find out how soil and vegetation factors affect the AMF composition.
In total, 17 species in seven AMF genus was recorded. The AMF species diversity increased with distance
from the fumarole, but the amount of AMF spores decreased. The AMF composition in Dayukeng
correlated with soil pH, total nitrogen and exchangeable calcium significantly. The amount of AMF
spores was significantly and negatively correlated with soil pH, exchangeable magnesium and
exchangeable aluminum, whereas AMF species diversity was significantly and positively correlated with
total nitrogen.
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Key words: mycorrhizal fungi, vegetation ~ fumarole
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% = 15 B S — 45 I8 82 2 B 1 BT 4146 2
BR{% -
HRFEIRE (arbuscular mycorrhizal fungi,
AMF) /5 [ A= HE A RSENE AT E RS20 MoFHEL T %
oM BB LA BB 2 BT o BB A
IR EELE - SO E ISR — ~ FRRRR R

RAGUAL A Hr AL T <5 1L PG 7 7 FO ik
il > A B L BRI R 1L 2 T - H AR
600m » £ 15 R i R HME S FL B SR L IR »

(Hart et al., 2003) » 3 — S th g2 28 1 RERFRH ALY
1A IR s [RIERM - B EREL R TR RO B AMF
FIRE%FHRL (Johnson et al., 2004; Mummey et

al., 2005) © f& 718 F 40 0E - FFZaftgeiE i i
A (Aliasgharzad et al., 2010; Liang et al.,
2015; Liu et al., 2012) thig%2E 7 AMF FEEHE
K o ARTIFFE LUK AT KLU T 0 3 [ 735 P 52
BRI AR A B AL % i R B ST AMF
(R TR R RY > ST AT BB 5 BT AR BERT AMF
B PP A R R R A2 M 3R I - R RO BR (% - 45
& AMF fH R BB B e 1 38 R 1 T TR 4 s

R e SR F L 120m S [E A AEAEA > 120m LAGE
HIH HE& ¢ (Miscanthus sinensis var. glaber)
REHH > 150m LIS AR SERK (Histiopteris incisa)
B A5 CERA - 250m LASHHINES iy e Bl o=
(Dicranopteris linearis) 5 557/ NEEA AT R4 1
(Melastoma candidum) ~ #&#5{L (llex asprella)
Fp4 o R PR RS S FL AR R A th AT
% > hEWDEINSE R (kT 2013)
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— -~ B R AR E S

T R HTUAI T = ME S Tt [ 3 F AN [R] e
FEAU (FEAAY ~ FEARAY R B AR FREg E bR
T FEERTAYERE 6 BikES - 1T TR - 1
B8 = I AR R B AR AR AT LE
M7 > EERIRE IR AN 3 FE > oy rEE KT
EATE
(—) 132 pH A

HY A 3 B K K DL 1:2.5(wiv)» 39 2] iR
B B o DA (EH] € £ (Jenco model
6137pH) HlZ(McLean,1982) °
(o) TiEZR

11 % & Ll Semimacro Kjeldhal 2]
7 (MacDonald, 1977)H{ 1 g @&zt 1.1g
1L (K,S04:CuS0,4:Se=100:10:1) fz 10 ml
IR - [ MR FR A 375°C FHiE 2
/NRF o BIEIREEE SO E G Fimalikg
PRIRE PR R TS E  (Tecator, Kjeltec
System 1026 Distilling Unit) 31T 2 & 7%
B > BRI S Y 40%NaOH » HHL 20 mi
(1 200TIE & > 10 BEREWUCE T TR BRI > 75
LX 0.05 N H,SO, ¥ i€ H IR ©
(2) B

Al #H # % #ll % (Olsen and Sommers,
1982)° Y 1 g AEZ L AIA 7 ml #iHI#E (0.025
N HCI-0.03 N NH,F:15 ml NH,F /il 25 ml
HCI » FHI7KEFEZE 500 ml) » 5 R 1 45
$7% » L1 Whatman NO.42 JE#TE7E © B 2 ml
JEHRAR NN 5 mil Bl 17K ~2 ml SHEE 0K (15
g(NH4)sMo070,, - 4H,0 Il 350 ml ZEft 17K
1 350 ml HCI € f& % 1000 ml) &z 1 ml &AL
AR (0.5 ml B LEE#HRIE (10 g
SnCl, - 2H,0 /1 25 ml conc. HCI) fll 66
mIH,0) DIor e e EEET R & 660 nm R iHl%E
WA o

(1) TIETTE SRR

FArPERERE$27  (Rhoades, 1982) 2 »
HY 5 g JaEz LA 250 ml E#fEF/KIG0ER > LU
X 25~30 ml HY 1 N Pzttt 5~6 X » FLL
N AR EFE 2 200 ml » LL Whatman No. 42
TEAREE > IR DU IERE & RO AT A
ATE VLR BT 85 - B
(i) HEERE

LUEHEEHI%E  (MacDonald, 1977) » FF
W 2 g Jaliiz - KR iE A 500 ml $EZIE A A 10
ml 1 N BT » SIS R AR 2] » B
A 20 ml R - AGE S 150 - YRR FRNEL 5
Gr8E o FRRANEIIA 150 ml Z:#f1-7/KEd 85%
% 10 ml > dfifNA 5~6 5~ (Ferroin) »
It2LL 0.2 N TSR B E 2 o SEW]HIEA
BB E O > RIS Rk G - ERRIRE
T ok A\ A R I 8 iy - Vi B S AR
A o
OS)LIE] EHaEsR

FRHL 5 g LIS 100 ml Z $EFZ 8RR R > Tl
ALNGALSTATR (FF 74.56 g it S8R &L ST
fi% 17K Fhilfi B FEZE 1000 ml) 50 ml » i L)
AN (parafilm) EFCI2EEY 30 708 » R
%L1 Whatman No.42 J§ # 38 J8 - 8 % L1 &
FE #E & 78 A O EE 70 A 4 W RE AT I HEE B
(Barnhisel and Bertsch, 1982) -

=~ FETRE R E

2012 F R 1~ 4~ 7 K 10 AR K
USSR AR s 3 f A [ R A (5
AR~ JEARMA R B AMAY) S 18 pEERE
AT TIERE - P ERE IR 11
BEA > BRHEL 1009 Lk o DLIR AR )%
(Gerdeman and Trappe, 1974) FIHE&EE (72
(Daniels and Skipper, 1982) 7 8t 1% » 7F



f I BEGI R P aT BT B E Pk -
TV AR « SR ~ B ~ BB
W SR ) EITIE R o B L Polyvinyl
alcohol lactophenol glycerol (PVLG) (Koske
and Tessier, 1983) 4 2 &I E il 42 7k A Bk
R DRGSO 88 E B AR 2 R AF - fF
()38 E R Schenck F1 Perez (1990) Ffffd i
M BRETT » LABATYSRE (Leica DMRB) #i%%
folF Z BERERG A ~ LR S ME S 18 T Bl
EFR T L% Schenck I Perez (1990) Fifd
it 2 TR 52 R IR 6 SCRR A A% - 31t 22 2% ph fe
HEE AKE INVAM (http://invam.wvu.edu/)
MG B R AR A o 1y IR
AT TR E AT > DR RAE 7 H7 B
Bl ] KR 11 HEL R B R AR o

MY ~ BRI EARE AR IR F M2 T

sl

I3 AT F 8@ 73 B W) R BR S 0 2 S (LY
T3tk o I B — o SR R Sk [ )
T R S AT AERAE > BN — (A s D B
S 2 R ) S BR 8 vh AT RE R Y s (L
(McCune and Grace, 2002) °

Fis] 2 8 2 7 5 AL % 5 BRI W) ALY
BE > PEVIEEANIE (McCune and Grace,
2002) » &% AT RO R &R s
R » NEEEMIREEE (Ter Braak and
Smilauer, 2002) ° SR T2 1 FEE T 4BE 3 A
BRI RO Y REAH R U » SRR AT H e
B L BT I DARRR: » BI)RELEY) HE B B R A
A EFEAHRE o R oA Ty S — AR AT
BURERL » WA MR b A B i 3 ke B
RIOMHBAYE (Gauch, 1982)» BEFE(E /41 1]
il BR | B B s AR AL & T > PR Y S
(Ter Braak and Smilauer, 2002) °
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AHFFE LI SR B 100 g 13 AMF
TR A A0 B A - o FH R B o b R e
HIEHE 24T (detrended correspondence analysis,
DCA) LU e 2 16 55 73 i A it B AU 24 JEE o A
(canonical correspondence analysis, CCA) » %t
AMF V)i Je +IEK 71T 01 > DABEET K
FUKIMERITIHGE R AMF 2 PfEfER B 1
SRR HARAR (AH5E6H Canoco 4.5
EUGHEETT ) ©

RS

— ~ RMIEESR OHRE 3 EEER A AR

HRAERL

TR R B e AC Rk 7 B 17 M
WA TR ARE (AR 8% 1) > K SUH0 0 HE R
O ARRIEREE 308k 7 AN AEERE » H
1 L Entrophospora columbiana #x /% {824 -
Sclerosistis rubiformis ~ Acaulospora mellea 2
Glomus clarum 25 & 3 » B — IR A1
#0100 g 1K 82.3 lEl - FEFE S T 250 m 4+
HEC ~ CH - BHP SRR A R
(A A3 9 A A IR
HrpLl E. columbiana [ A. mellea /518
#\ 5 Sc. rubiformis ~ Acaulospora morrowiae
Glomus ambisporum Jz Glomus deserticola %5
RAE SR A IR B — IR B 100 g
T 3#E#) 16.2 {8l - FENESE 1 500 m SHALAE ~ B
P BEA ~ AR FORLIR B BLOK B A 4 A AR R A
(BEMmEEAR) FIEEARIEH 15 A
AR > HALLA. mellea i B2 » B —
TIERR AR 8L 100 g THEKY 24.3 1 -

1 AR TR ) R ol A [+ L 6 R D)
S PR T AT RESE A B R AE A 1E AP (R 4
T DUR S S E B E FEPESS - ANIR] 73 KR
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1) e e FH 2 o R R G AR A > thmTREE
R R B AR S AH A » B4 Glomus JB Y
I TR 22 DRI L 1R o S ey 07 =X 25 PR e Ik
B - Ifi Gigaspora £ Acaulopora &1 (E % HI|
FTHEELMFHEF K (Klironomos and
Hart, 2002; Hart and Reader, 2004) °

Vandenkoornhuyse % (2003) LLsr 4=
3 3 AR A (R B B AR R AR K 0 A R
BB AE A] R B 38 R T > KR FAE
Py 6 A (] A 35 R TR AR B AH B2 B A BN
5] > WFse N Bat e 2 W 5 e £ B E AR E
9 a1 B e e O e BRI B th 2 E
YA PIAH B 20 B PR 52 8 T TR AR R AH A 2 R
PERY R A o B 9% 5% B T RHEY) 2 #i i 7
1% % R BE 8 EE R AR IR 9 B A R R 0 Ron il
Py R mT o e 0 Y B 2 MR I DL
HEE#4: K (Paulaand Siqueira, 1990) » HA
[FHEP) AR AMF E D ES S RE 11 th A 55
fHIF (Carr et al., 1985) o 44 » A5
HERBEREPIAR R 0 Wb 2 VVE % AMF 2T
WA HFEERNGE (Elias and Safir,
1987) °

Ven der Heijden % (2003) HY 3 # %
o st b ESRE R )R 2 KR PR B 52 21 AMF
FHRCELZ B MR R [t - 3t b ERRHER
B AMF 1RE7& AL (Johnson et al., 2004;
Mummey et al., 2005) ° Vandenkoornhuyse %
(2003) Aoy A= #Y 5 35k 3 A A (] D ) R AR
BRI AE R o i SR % B B 7 AH [R] A -+ s 51
o R TE AR AN IR th g 3 Rk R AR
A 2 BBHEEAR A > (38 508 1S K 1 F B
Rl ML AT W 7 (A B e Ak IR L Bl - 3B th
T IR R 2 AR PR RSB T AR R AH R 2
BRI RIA -

—~ BRNERE R AR R LB

Bz A e 3l i

15 %5 % B2 AMF W) 7 #H B B 4T
DCA  f BN B AR E LR 1 B2 2
BEFEHl -2 o 2IRIEH £ (& 1) 0 fite]
AT ARAY R B 2 AR B e 2 R A
HHRARY 72 52 - i AR B AR AR EG 73 AR
MERC R B AR ] B AR PR AU AR
BERZ TS AR B AR AL 2 [ (1@ 1) » B
* DCA 73t Z A SR BN ER 1 BB Hil R 0% 4.836
(38 1) K2 4 SD (standard devitation) * {X3E#)
Tl ) BRI i 2 Y B S » S A
#EH CCA Ut — P Yies BRI A BB Y
3#T (Ter Braak and Smilauer, 1998) » LIFI3% &
+ 3 K SRR AMF RGBT © A
gt — DA 72 {8 T IBAREL 2 iR &
KB 8 YE T IEA Bt {T CCA 704 = CCA
e AR 1 ElR EE AR = A 0.507 (% 2) »
IBERATEYITR UL RS » B KPS0 2 il
0.275 ~ &5 3 fif 0.226 ~ & 4 i 0.137 - #ifj 1 il
Yt IR AHBR 1 5% 0.856 ~ il 2 £% 0.698 ~
#il 3 £5 0.660 i 4 £30.614- HAfRFRE L E (1
RS L) 5 4912 MATAREIENES R
1.338 > Hifj 1 W]fEREY)E BLER R B AR A8 L B
75 37.9% > il 1~ 2 it SRR W] ARV R B IR
SRR R 8 BB H |5 58.4% o ANHFZ2( FH RS
fiEie = > BIARFERE SR ERTRT 2 B i B 1%
K585 - fid SRR AP G B EE 7lE - CCA
B E MR AT o B Il ) R B A M B
fili 1% JCIE AR B BT A4S S (McCune and
Grace, 2002) » 7 [E REAF IR BB gy LA In) & 2%
o BRI ECIRE LUy AR B o f 2 (R [ 1A
b T PR e S B B I S e 1) A
M o
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2R 1. ORI S A TR PR R e R ) s R

Table 1. Result of detrended correspondence analysis of AMF compasition in Dayukeng

Axes AX1 AX2 AX3 AX4 Totalinertia
Eigenvalues 0.750 0.489 0.328 0.217 4912
Lengths of gradient 4.836 3.527 3.100 2.498

Cumulative percentage variance of 15.3 25.2 31.9 36.3

species data

Sum of all eigenvalues 4,912

2R 2. RIS UHE it 28 A5 TR AR T ALl LR ST I 7 ATt 2R

Table 2. Result of canonical correspondence analysis of AMF composition in Dayukeng

Axes AX1 AX2 AX3 AX4  Total inertia
Eigenvalues 0507 0.275 0.226 0.137 4.912
Species-environment correlations 0.856 0.698 0.660 0.614

Cumulative percentage variance of species data 10.3 15.9 20.5 23.3

Cumulative percentage variance of species- 37.9 58.4 75.3 85.5

environment relation

Sum of all unconstrained eigenvalues 4,912
Sum of all canonical eigenvalues 1.338

PAAR I E FrlEl (18] 2~ 3) BEm - 25 1 Wil 0 (6 TSR I P RS B2 S B 51 L

Bl 119 pH {E (0.730)~ 2%\ (0.851) H#KHHRE
TEAHRR < 265 2 Wil B E#a 1k $5 (0.539) A
SEIEAERA (35 3) o B il hiry i B & o) Af
DIEGET » BRI TR > WiSEFT(E
Z PR TT v 2R B 45 A8 BB A P Y 1 A
B - H R FRIR B I AR [ 5 R o A A
RAFREEHI R/ » REEHR - FORMHBRTEECR -
BUERZE » 2 RIFHBRE B | o W SEERR 2 [
BB P Y o 2 e | o BN EREZ R (%
) o i8R T B SR A%  BE fE n
Tl R Ik B AR 47 A B ER 45 A8 SO i

HEFFBE{R (Ter Braak and Smilauer, 1998) o 2}
il 6 ) B8 4% HIl o] B P B R R 2 (Centroid
principle) » A5 B A7 B L A B i HH
Yirde R & o /5 a] T YR B R — AR LAY
BT FLRAFREEIHN (Distance rule) » ¥rfE
FRL BB A S IRET S - BRI SR
YL RS HAR R E B - 2
HIJi8/ |\ (Ter Braak and Smilauer, 2002) ° [&] [t ]
(ErRBE B N B ol (8 2) BRI
B B A > AN FrlE A N BRURRES - B
pH {EfRERTE ~ [EHEES LU & R RV IR
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2> A P RRECE M A A ES A
RURREGZ AL S L - & AR B HI 2
S FEE R R A S 0 B EEARERESHI
KRB AV B A Mk B B K bk AR Bl 2 [
i 8 TR A BLER R K] - ¥ Pl (& 3)2KE 0 E.
columbiana ~ G. clarum ~ Scu. rubra LUK Scu.
aurigloba % “P B E#E FPlE] /o 38 A B IREE
B IE pH ERME ~ B R &R ER D
(-3 BAE A A RHRIEREG i IRt
A o HE IR pH (RS S Z &) > M
(B $E & B % I G, ambisporum HIFEZ R 18
B BURSIRAL ~ BPHPFEREARIE LA - B+
1 pH 2R ~ RSN > HERANH
G. invermaium ~ Scu. calospora ~ Gi. gigantea 5z
P. occultum & 13 pH {E$2 = ~ SRS »

{H R Bk #5220 o TR HT IR Scu.
pellucida » B I (EAH [R] BR S5 1 S A (BB AE D)
KEARTER LA -

Carvalho ¥ (2003){E Hiff5E 5Bl AMF
feF 1 o3 (i B 7 F R R R = 0m LU il
WY & i 25N EBEPER) 3 0 1 Friese
H1 Koske (1991) FIEZ AR E 1815 - 4H
YLl SRR A R E & &2 IR
BRI < 32 PTRE R RIE 2 (BT Sl 3 B R AE
) %) DT R et DL SE R o SR
W AR A B AR S — RE LI o TEARTF SRR L
DCA AT 437 HILE 5 B AT b [ B AR 1
FEL R B+ SRR A R A R A R A B
P o TS E A3 pH fif ~ IR 2 R R AT E
S5 BHEERAHRR 1 o

3K 3. MRS ST R 2 S IR BTN 1 Bl 4 il FHEAE

Table 3. Relationship between environment factors and first four axes of canonical correspondence

analysis
AX1 AX2 AX3 AX4

pH 0.730 0.173 0.356 -0.115
N 0.851 -0.256 -0.243 -0.137
Organic 0.478 0.087 0.085 0.028
P -0.310 0.155 -0.607 0.203
K 0.136 0.112 0.495 0.214
Ca 0.310 0.539 0.058 0.076
Mg 0.452 -0.088 0.115 0.427
Al -0.224 0.016 -0.200 0.904




=~ +EPRTEERERE R EMNE

ZAERRMESTHT

DL&tR BRAT A A B 2 81 WoE I
YRR RS LR pHIE - ERE S E - &7
& A~ ATE ST ~ 85~ 8 - SRS E
AT Pearson FHEBH AT > ARG SRR KIHYT
i, i R S, 1 280 3 [ 3% v 0 - S i 4 o B
1 2 pH{E (r=-0.25 ; P<<0.05) ~ A& 4%
(r=-0.39: P<0.01) LA S AT i&E #a k8 (r=-0.37 : P
<0.01) 2EMHEE - BEHER L GEEEHE
BRI o 1 HIE b E R R B TR S R 2R
B8 (r=0.25 ; P<0.05) °

MFETESE (2000) ST 22 1E695E (IR =
FEHES T AMFIR 308k 1ISFAMP > i 52 g
BB T Acaulospora melleaf #3 - # Bil 1 i rpr
(T E RS A REE IO IEAERR S » Hak TR

DRI URAL R S I A TR R L

AR AMFfF B8 - i E T &8 &
R~ B ~ ATIEREST ~ 8~ 55 - PR
WA BRI MHRRTE A ZE T RE I FehES
B — i R BN 22 22 > BT 2SR
35 PR B R B p HATE ~ W] i RS R AT i
HarEgn 2 EHEAEUAHRR © /EEom3E (2000) N
gt 5% BRI 53 i 5 A R] R E AR 3 AR (R
B ERE—EERE » EEAIE AR -
BAETEE & R RSN T RFIBAMF
JEY R f - (Saito et al., 2011) ¢ {HL G
Jeidm > TR A REREIIRET MY
P2 N/P LA 2 ELB AH R T o S TT S %
R AR &R GLZR e e ftl i (Douds and Schenck,
1990) [Tl ASRFF S EAER 2% EL I AR R Ay T e 5 B+
B E B R EAHRA o

<
o]
<&
o <
<&
[} <>|:| &
O O
o O%O g o
o o® N o O
SN o
O
o m}
<g
&
-
1
-1 5

1 Ryt E R E AR DCA B 1~ 5 2 Eill 2 (iR - (O @ BARIERES 5 [« #EAM

frih s O @ BAMEE)

Fig. 1.DCA ordination plot of the first two axes of sample plots in Dayukeng. (O : grass plots; [] : shrub

plots; > : tree plots)
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i T6
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o

T2

-0.8

06 ' ' ' ' ' 1.0

2. RMiyuth AR BB ER TR CCA #EFPlEl - (G1-G6 MHiANUARES 5 S1-S6 FAEAMAULRES ;
T1-T6 B ARMAIGREL P BAKHE « Al BalEHEER 0 N BER : Mg BrliE#HEEE  Organic
FEHE 5 pH BERRIE s K R rTEHEST 5 Ca fym] EHATERS) -

Fig. 2. CCA biplot of the AMF sample plots and environmental factors in Dayukeng. (G1-G6 : grass plots;
S1-S6 : shrub plots; T1-T6 : tree plots; P : available phosphorous;Al : exchangeable aluminum;N : total
nitrogen;Mg : exchangeable magnesium;Organic : organic matter;pH : soil pH;K : exchangeable
potassium;Ca : exchangeable calcium)
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G. des £% G. deserticola: G. inv £ G. invermaium G. amb £% G. ambisporum ; Scu. pel £% Scu. pellucida ;
Scu. rub £% Scu. rubra; Scu. aur £% Scu. aurigloba; Scu. cal £% Scu. calospora; Gi. gig /% Gi. gigantea ;
P. occ £ P. occultum 5 Scl. rub £ Scl. rubiformis 5 P £ +I3EE %k ; Al 5 IEa[EHRERE s N B+
BEER s Mg 5 TR AT E RS s Organic £ HIEARE ; pH £ TR ; K £ T IE ] E ST
Ca £ TIE ] B FY) -

Fig. 3. CCA biplot of AMF species and environmental factors inDayukeng. (A. mor : A. morrowiae; A.
mel : A. mellea; A. fov : A. foveata; A. kos : A. koskei; A. lae : A. laevis; E. col : E. Columbiana; G. cla :
G. clarum; G. des: G. deserticola; G. inv:G. invermaium; G. amb: G. ambisporum; Scu. Pel: Scu. Pellucida;
Scu. Rub : Scu. Rubra; Scu. Aur : Scu. Aurigloba; Scu. Cal : Scu. Calospora; Gi. Gig : Gi. Gigantean; P.
occ : P. occultum; Scl. Rub : Scl. Rubiformis;P : available phosphorous; Al : exchangeable aluminum; N :
total nitrogen; Mg : exchangeable magnesium; Organic : organic matter; pH : soil pH; K : exchangeable

potassium; Ca : exchangeable calcium)
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Appendix 1. A checklist of arbuscular mycorrhizal fungi in Dayukeng fumarole area

Acaulospora

Entrophospora

Glomus

Scutellospora

Sclerocystis

Paraglomus

Gigaspora

Acaulospora foveata Trappe & Janos
Acaulospora koskei Blaszkowski
Acaulospora laevis Gerdemann & Trappe
Acaulospora mellea Spain & Schenck
Acaulospora morrowiae Spain & Schenck

Entrophospora columbiana Spain & Schenck

Glomus clarum Nicolson & Schenck
Glomus deserticola Trappe, Bloss & Menge
Glomus invermaium Hall

Glomus ambisporum Smith & Schenck

Scutellospora rubra Stiirmer & Morton

Scutellospora aurigloba (Hall) Walker &. Sanders
Scutellospora calospora (Nicol. & Gerd.) Walker &. Sanders
Scutellospora pellucida (Nicol. & Schenck) Walker & Sanders

Sclerocystis rubiformis Gerdemann & Trappe

Paraglomus occultum ( Walker) Morton & Redecker

Gigaspora gigantean (Nic.& Gerd.) Gerd.&Trappe
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Ztfl(Zanthoxylum armatum DC.)f*19134 % 19155 [ i BIREE R U.FaurietE Z AL Bl LI TR EE
ZAmAR225AEA - A S AR A B MR i 2 AR IR A - H RIS tHIR BB Ry
i o (E ML ) B R 3 3

Abstract

Since French collector,U. Faurie discovered Zanthoxylum armatum DC. (specimen number 22) in
Yuanshan, Taipei, between 1913 and 1915, no other specimens had ever been found according to our
research of major Taiwan herbaria. It wasn’t until recently when we discovered Z. armatum DC. in Matsu,
marking the latest record of the species.
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Zanthoxylum armatum DC.,Prodr.1:727.1824;

Hartley in Journ. Arn. Arb. 47: 211. 1966;
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Chang in Fl. Taiwan 3:532.1977,in Fl.Taiwan
ed.2.3:538.1993.
Zanthoxylum planispinum Sieb. & Zucc. In
Abh. Bayer Akad. Wiss. Math. Phys.
Cl. Munchen 4(2): 138. 1846;
Matsum. & Hayata in Journ. Coll. Sci.
Univ. Tokyo 22: 71. 1906 (Enum. PI.
Form.); Liu, Ill. Nat. Intr. Lign. Pl
Taiwa 2: 887. f. 730. 1962.
Zanthoxylum alatum var. planispinum
(Sieb. & Zucc.) Rehder & Wilson in
Sargent, Pl. Wilson. 2: 125. 1914; Y.
C. Liu, Lign. PI. Taiwan 547. 1972.
Zanthoxylum alatum var. subtrifoliolatum
Franch. PI. Delav. 124. 1889; Li,
Woody FI. Taiwan 385. 1963.
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of Formosa, Taihoku (Taipei) Taiwan.

Ohba, H. 1999. Flora of Japan.vol.2c 37.
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n Press, St. Louis.
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1. Zanthoxylum armatum DC.A. 4% s BAEL 5 C5R o
Figl. Zanthoxylum armatum DC. A: fruiting; B: flower; C: fruits.
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M a1 S RE AR A s 2R B ) 3 AR & IS AEH - A 27> 100~3,000m HY 10 flEkbEY -
1> 2009~2015 - RAFHEK 74 1 ~ 6,108 EXRELHEF S o HA & M#iE (Liocichla steerii) ~ A H
JE (Yuhina brunneiceps) ~ 151844 (Carpodacus formosanus) & 2215 #kfE(Tarsiger johnstoniae)#% HiEH 1
R~ & 4 FFUERHBOOEEATR Pl e < RO R OBE 1km SR SRR 8% o FERlchd S 5 %
A E BT 0.07% » PHIAH ~ mEHLEE>2,100m) o [BUECHEREE S R ROHEET 1km &6
3% (HEESE 1 EAUERERT 20km o HHE R R RS T AT - 3% MiE (E T i
ECENRE - HATRERS Hh 218 rh o LR oG {2 A St A s I B S sth  dly 2 H o

Abstract

In the Monitoring Avian Productivity and Survivorship program, Taiwan (MAPS Taiwan), 6,108
individuals from 74 passerine species were banded at 10 locations with elevations ranging from 100m to
3,000m from 2009 to 2015 in western Taiwan. Four species, Carpodacus formosanus, Liocichla steerii,
Tarsiger johnstoniae, and Yuhina brunneiceps, were foreign recaptures, respectively found once in
locations higher than 2,000m above sea level. The ratio of foreign recapture was 0.07%. The distance
between the first capture and the first foreign recapture locations was about 1km in three of the records. In
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another record, L. steerii was first captured in Guanyuan in July, 2007, and then a foreign recapture was
found in Rueiyan in April, 2011. The distance between the two locations was about 20km. To our
knowledge, this was the first record reported of a resident passerine whose breeding and wintering sites

might be located on different sides of the Central Mountain Range.

BREE : B BUe ~ BEE - RmEEE - 22

Key words: banding, foreign recapture, Liocichla steerii, altitudinal migration, Taiwan
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BRI (Newton 2008) o S iy 5 ~ i KRS
{1y E b RICE RS H 1964~1971 - FH E BB
XHF o Il FOROCEREN R ~ ST AR B E
AT TELE 1 Bh Y3 21 22 30 & (Migratory
Animal Pathological Survey) > &%zt 7 HAR
ZFEBIK 162 fE~ 155,816 BT 5 - JE{5 1,507
ARk » H AR ~ 53 (Hirundo
rustica) ~ 5/ FE AR (Motacilla tschutschensis)
BT 211155 (Lanius cristatus) S5 & F 4 52 1l o]
YRE L H B S - S50 SR kel B AR RS B B
EBHEE EEMERN(McClure 1974) © 1% - 2
JERE TS 1986~1991 BT RSB T BRI
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Bl S MR A S a1 25 1 1991~1995 AT T2
i S KRR G 2 ) SRR R S (3=
1998 ; fk 2011) - {HEEHEIM S » WA ICRET
WA AEAE ~ B N B RHE PBRAE S T
BERRZ o ANt » 1990 2 1% > KIS BRI
nn UEE AR F Y ES B & F K RE I (color leg
flags) & ifi(Environment Australia 2001) » £t [q]
W EL B BEZ BT -

&% i 55 08 2F 7 ) B 17 5 AR B W (The
Monitoring Avian Productivity and Survivorship
program, Taiwan; MAPS Taiwan) ] it Z&EFH
VISR E FRLHR 2009 FEFHAAHE TR AL
REHEZ citizen science)a 155 » H R HAH S0
SR ZEH R ~ IR 2 -
SRR B A2 2 ) (productivity) B 5 [ 17 15 28
(annual survival) i % 52 - 3 DL 82 2 5
(Passeriformes) 5 £ ZIFFEEN R (PR 2012) © B
TAFRAKT g s S Eh iy N T H B S0 52
R BIAN L » ABFTEHCE MAPS Taiwan G
P 2009~2015 - Z FHHHEEHS E HB (L
T IE ISR rR OB, Tkm SR 2L RO -

ik

MAPS Taiwan /i 2009~2015 & i3 #r L i
HrIE VYLK (R 400m) ~ BB T K2 (H
o 350m) ~ & H A F RS A SU(E R
1,000m) ~ B R B H0EG £ (K 2,200m) ~ {E
SERTS PRARS# L NEC (L 3,000m) ~ ZE kK
BEFR A GEIEIAS (YR 200m) ~ SERRIE LS T
(HF 250m) ~ 32 22 B 4R T () 300m) ~
5 P 11T E IR [ 2P 37 (YR 100m) B ey M i)\
I JEN LI K JBE (Pl 60m) S5 10 it BhER 35 (] 1)
HETT 1~7 (BB (#R5F  2015) o 52
3-9 H»#F 2-3 FELT 1 B 5558 8-15

FRFLIE 15x15mm~ & 12m~ 5 2.6m 1) 4 Jg#d -
EAEFEEE 50~80m » HIBLEIE o FEH H
IR » SEAERRE 6 /)N o AHFSE BAE A fn
ALL1 A 1 HEREHE > 1[5 (hatching year) 5
R 12 A 31 H.ZAfHE - HE 1 fh(after
hatching year)f& /D B e E AT 1 09 1 H
1 HE 12 A 31 HEHANS » grFnka s 2L
ICREHE o SR SRt s EA T > LU A i 8
PERIAIER T XA EE2% T8 BRI EE ) E
IEZSEL 2012 TAETIT (P 2012) » #lE
RAER CHE 2 BIR > (HIE MAPS Taiwan
B BR A [l — B A B - RIS S8 22 AT
Bafse 2 N B LR K g Rz tiEs ~ B
]~ TEERELPE R o 553 H At R s PR [ m
MAPS Taiwan [ % EU{E#E » JRHGS AT [R &
o ATHFTE I RIIGRE S R 5 RISt B IR 7
JFR MR fnt H B SR O B R A 1km o

R IHH

MAPS Taiwan #1735 2009~2015 B il &
$H 89 fif ~ 6,211 X - Hr1 74 1 ~ 6,108 £ X
JBETCH - #ILH BT > BRI K [F]3th
[t 38 F ~ 1,764 ££(28.9%) » {4 4 1 4 &
(0.07%)/&@ FHb I (EE 1) - 4 FflsRhH 2 &
HEBRAERT A FRYRHRLT B (UK 2,200m) » 55 2
SR B EE R/ VB (K 3,000m) 0
2 SRRV SR i (1] 1) HY B T[]t
PR R SR A EGEE 1km ] BURCER - 4 SER D
[EScCsR - B 3 FE KBS 1ES > 1
%A R 2R 55 3 AT A BEAEAY Lkm H3thEg o]
Y o BRA5E B39908 Y i & JE Mt S (Liocichla
steerii) (1) 7 2% 52 1k Bl 2 S (] 4 ot 2% ) P e A
% o EAMEEEY 20km o MR AR (3.75
oKl
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1. MAPS Taiwan %8 ik 73 Al = (1)#r L5 s PuEoK » BKE TR » )G HmiAl S 4
o (4)TCHERF AR NE T > (5)r SRR E A5G - (6) EMBEARAARISIA K (7)2F /STl - (8)
FE AR IHER A T+ (9) 15 i T BE MRS [ A 47 Bz (10) v Jf v/ N [ JBL L K e

Fig. 1. The map shows the location of each banding site operated by MAPS Taiwan program.
(1)Sikanshui, Xindian, New Taipei, (2)Daxi, Taoyuan, (3)Wushikeng, Heping, Taichung, (4)Xiaofengkou,
Xiulin, Hualien, (5)Rueiyan, Renai, Nantou, (6)Huben, Linnei, Yunlin,(7)Hushan, Douliu, Yunlin, (8)Shekou,
Jhongpu, Chiayi, (9)Niupu, Longci, Tainan, and (10)Fengshan Reservoir, Xiaogang, Kaohsiung.
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B39908 fRHI MAPS Taiwan =R
2011 - 4 F 10 B 5 a8y 4= By s B
b= rict | I L 2978 = Tt 3TN =GO T 17
[EFHEHRE T SRS E) > 6 /RS
& 10 i ~ 63 & > Hrh 34 ERENEIE > T
SR B E R E TS 0 B E S
WAL IR K R » 2011 SRR 3 A
20 H#E 9 H 21 HIL#EST 11 REHO G317
#MEE 69 £X - Hrh 4 H 10 HRYR KR
BV 5 3% 4 My JE R R B 49.3% 0 L3 H
20 H BRI AT S (T An] 5 P B o FH it
SERGEERIIRT 2011 5 4 A 10 HAVE K
AIREE KT R EDEE R R B E o
B39908 fRHIsR I ARERS 2007 £ 7 A 13 H
FAAESE R 75 FRARR I b5 (5 PR 2,400m) B 2K
B WFARIEE 7 F 22 HFAHH IR H 2k a] s (s
S 2n > FAGHEEN) » LY BE (brooding patch)
AT E IR O 8 =2 Bl - ELIER B
Yt - B39908 E X B FHUR SR th [m] W IR 3.75 4 »
AR S AR AT BRI 3800 - SR T H S
& s B G st S8 3 (site fidelity)
( Greenwood and Harvey 1982) » i {i > & rh
R (L BRI B Y o5 i T T RE B
S LIMRAY PRI 4 o

& FEAE B8 AT 22 B o A LML E %
B o RIS » FEE B - Flns TR -
KI5 ~ B B T KA A IR B sk
PR T o S L R0 B RE TR A T
ELEERIR R CA - R AR B g
EITZEHIMERT LR BN (Shiu and Lee 2003 ; 2|
2013) © JR1f » {EEEFE T RS MRS B KRN 2 3k
MHEA [ AT RS R - K8 LA
it > BHSEVEEIGLGET G- o KiF5E
B39908 M JE SRRl - bR TR
FPER S B B R IR 2 01 > B irh o (LR

ST H S SRR

FIRSENT RS - RUR 2 LR VT H 8 B
FEIERS B ERENE o HER 3 SRR
B o B R R E AR 1-2 [ H AR 1
fin K5 > A A BE 2 U 5 18 3L 1% B 4 RS R
(post-fledgling dispersal) » 41 A35206 ZEE5FA
(Tarsiger johnstoniae)2014 F- 7 H 13 HE X%
TSR R MRS 4 S - R 10 H 11 B2 1km JE
I &SR - 2015 4 4 A 25 HEXRR
ARG RIS - RIEWIIER B E 1B - 8
RO EEEGEI(R R > BGEA) °

MAPS Taiwan7 | 252009~20154 %3 [ & i
H3i%6,0006 K » HIRAZE A I FC 8% - HLAR
{#0.07% > {H R0 B2 B (Rl sth e i bt AR &3 1 3
28.9% > #URAMIELUNIELHE SR T E
TSR » (RSR[5 bl AR i I 25 BT 5 51
M EPERERT - DOt B EREE SO r r 2 (R i 58
b 51 > ERKIR PR ARISIAS Fe EARIR /ST
T LI B8 O ECRR R R 2km » R [RIRFSE R
{1 5 A Rl A 28 B A2 3th (RSB T © 55 H il 2
R B CE T B A STE E A RRE S —
HEFRN o Fo#skKE » AIRAA ~ SihA RE}
B3 (citizen scientist) 2 i ~ 5L 51E ~ AR
BV P B 8 Fe R RO ~ St oy A1 2 (SR Hi
TR S SRR AR E ~ & R (el
EeAsf EE % /5 20(Tautin et al.1999 ; Dickinson et
al. 2010) -

# &

KIFFEH RS MAPS Taiwan AT % 1F
WIRHANT Y > JCH R RAR i ~ 37 205 ~ B3
TRERER ~ BEE S ~ S BBRE ~ 250603 ~ R -
PRI B S R 25 B E_ B 5 T - &
A4t = m b B o TR E A - YRER I
Tt ~ R IR B S R R R R A S 3 [T
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B I OFEGH o 5 IR R e 15 PR
R ~ AR O ~ R PR
B ORI (S A 50 kst G (5
1)< (Bl ot B AT S A%

BEAE 0 1998 o 218 SRR TIEFAM - 178
BREZES > Al

PRS0 2011 « B RAER T (e e H 9 LhR) ©
THPbtREZ B GR ALY RE T
s FBE o

PREGEL 0 2012 o 218 ES R A i ) LA 2R B
2012 TAFFM 1T REE BT E L
YIRS RE HL > % o

BI/Na0 - 2013 o BT IR IERS BT B 2 BF5E
(212) - kB3R > B -

BRSEAN ~ BHEEZE ~ B ~ FPEEnS ~ A
VRRERE ~ XA ~ RIS ~ PRIME ~ 8=
BB ~ pREG B o 2015 o 598 SR 7 ) BT
EI B2 (MAPS Taiwan) 2015 4 i 4]
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The Results of 2016 New Year Bird Count as A Monitoring
Project for the Winter Avifauna in Taiwan
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AL IE 22 s BRSO AR RSl ~ PEE R AR BRI - (E R BRI A EEACE » 12 TR S AURE B
100 ERLLE - A @SS - HEE M AKFIREF LK o SBIEKSHIIREFE Tk - nIReEH
n R RIS A B - ST EBUR AE F I RHEET - DUEIRAR R IR Lss) -

Abstract

The migratory birds of East Asia-Australasia Flyway have been decreasing significantly due to
habitat loss. Taiwan New Year Bird Count (NYBC Taiwan) has monitored population trends of wintering
birds since 2014. From 19 December 2015 to 10 January 2016, 1,116 volunteers conducted surveys in
156 circle sample areas that each had a diameter of 3 km across the country and recorded 331 bird species
(292,837 individuals). Compared to data of 2014 and 2015, the number of volunteers, duration, and the
number of circle sample areas increased. However, bird species richness decreased in 16 circle sample
areas; and bird abundance decreased in another 16 circle sample areas. All of the top five sample areas of
declining bird abundance were in wetlands, such as Ao-gu Wetland, Ham-bow Wetland, and Fu-bow
Wetland. In terms of abundance, 12 specieswere found to have decreased over 100 individuals, including
Charadrius mongolus, Gallinago gallinago, Numenius arquata. The population decrease of migratory
shorebirds might be related to coastal wetland loss in East Asia. NYBC Taiwan will continueto
monitorthe population trends of migratory birds.

PR : A REHEE ~ RAEEEAR ~ ATEBS AT 2 2 B5
Key words: citizen science, East Asia-Australasia Flyway, NYBC, Taiwan, wintering birds
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i

Partnership)| .2 1% (Secretariat of the Convention
on Biological Diversity 2010) » % & il B 5¢

FI{E 2010 4> A=V % £ 1% 224 (Convention
on Biological Diversity)fi & & 2 55 10 J& i
HWEKGgEMA TEMNEMS KEHEE
(Aichi Biodiversity Targets) ] ilfiZ 7 T49)%
B 1 F8 B2 % (4 BH {% (Biodiversity Indicators

SN S AR [T 2 R BB DR I » i 2
TR JEE WRe 22 RO 2 AR W0 20 1k S B B
) 85 E /5% (Bonney et al. 2009; Dickinson et al.
¢ 2010; Dick in son et al. 2012) -
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oA 1 fE #7 (East Asia-Australasia
flyways) - » FF2 i fi B 8 g 230 T F kg3
(Goriup and Tucker 2007; Kirby et al. 2008;
Nebel et al. 2008) » 7K S H#JH 62%HPIFETT 1%
FEEEE TRE (Delany and Scott 2006) > B ifi
BRI 492 FUEERS - Hrh 64 HE
# 5 o GRS B B R JAAE (critically
endangered, CR)7 f& ~ ##ilifi Il #& (Endangered, EN)
10 # ~ 5 G (Vulnerable, VU) 33 FfHiR3/T & (Near
Threatened, NT)14 f&(Bamford et al. 2008) ° A
SRR BUERERR Ak B IR RIS 2% 0 - H
Al GESF R R FEHEI 2R ~ SRUliRAg 8 B & il i)
B% (Nebel 2008)°Ma et al. (2014) #HE HhE 7Y
TR 2 EE = A A TR » Tk
2P AR SR R A BRI DRI TR S T
Rl o SEAEAR » B 6000012 A AL FE B AR AR
H TR 13%HY) 3t » th SRS 1 G AL EE Y
BH#EAE 1 (Ma et al. 2014) o FREIV TR A
IR > B SR AR A& (R K B A ELRHY
B o 1E R IRAY S EETERRE P R ERE
AR AT 251 52 B 7K S O EE B B 1 (19%) » T
R B8 T 2B 25% A7k S (Barbier et
al. 2011)

S B S SRR U fE AR E S G
EAE CACHR 179 F 4% S A 153 fEIR S
(E%5% 2014) ° H 2013 FL » i K B2
~ BT R~ ST R AT
bR ZEBaR ALV TRE OB
B T2 8 43 (Taiwan New Year Bird
Count, NYBC Taiwan) » {E5 =% I $ 5 4
Z S FEAR B 2 R B} E2 (citizen science) i B
(PR5E 2014 : $R%E 2015) 2013 4EJEE 2014
VIR 16 KN - H 598 47 T2 122 [
K3 km HYBR I BT B A - 308k
292 1 5 » 189,280 XY BRA(MTE ¢ 2014) -

2014 FJEZE 2015 FAJH 23 K> H 967 #4&
THAE 134 {EEREEIRILGIE 319 FHS »
205,319 &R SHH(FSE 2015) - B 2014 -3
AR AEE » BAEERS(Calidris alpina) ~ /K
H5(Anas crecca) ~ fiifi# (Passer montanus) ~ K4
T 4 PEAE (Pluvialis fulva) ~ % 58 %% (Bubulcus
ibis) ~ #77b#e(Riparia chinensis) k5 /7 BR S
(Charadrius alexandrinus) » % 7 f B HY#E T
Wik 1,000 &R (PR 2015) © BEARRAEIE
Kt B SR seRR b - (BAE8 ) BTt 2
T o AR ATRE RIS R R MR E I o
& e 2 5 5 (bird species richness) fz B 5 B
(abundance)il 5 » AERAE ~ 32 B 1R S BRIRS
57 B BB (R SE 2014 5 FRSE 2015) °

AIRFIE TR A > 2 2015 4F 12 A
19 HZ 2015 4 1 A 10 HAY 23 KW » LIAKR
FFER T 25 156 1 i Ad AH R i (B A B T B 28
AL o FEILIRAR © (1)FRE AR SRR
Y s (2) %% kI f 2% SR B =L -

R Ty ik

ZEMTFRERFEREL AR ES R
ERZE AL HEFBEEEERAEREEEA
EEIPREE TREA - BmAaE ARBBE
FETIEUSIA) > H g — B AR DL
VL2 FERE SR » LI 3 km E BTS2
HilE > MR ARIE o B EE AHR TS
e ] ) 2 R B S B B AL o T T S AR R
SRS RN E R RS
> WHA] AN A AT Z AR B o 35 B AR
[ o [ R IR > PR R B BT S R i i
BOEAIELOIE © 2016 FHEHE 156 {EEE
[E] (& 1) °
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A2 AR

FHEIAEEEE 1 A 1 HAf 2 MEPAE
1 H 1 H&WE 2 HEHAH < (KELEAT > 2016
TEREBIARE 2015 4F 12 A 19 HZE 2016 4F
1A 10H 23K HiffE 9 KiRH - 1t
2014 2 iEEN AR 2013 4F 12 H 28 HE
2014 1 H 12 H > 3 16 K #RImEEF AR
23 RKAEAE— A - Ff AR ) mT T HI AR A
HAH 24 /NFFASERK o S R DR E —
KB HIIY 6 /R » AR AR I 3R 2 H HAESE
AIRERE

AEANR

# b A2 3 A Bl R A
o S8\ BRG] - BrixlEm S m A 29t 0 [l
LT RER AR TR - nlafk
I £ 7 A 53 1 2 Aok Wt B P B A [R] S AT T
NP o BREBIRIT BEREERS TR
AR 1 RBE B ik £ 5 A BSR4 22 B S JHH
PN

& ©

1118

A& TE
BT Z AT > MHECERER S E4 AE ~ 3R
A HI ~ FAEEIAIRE] ~ RS R ~ K&
AR ~ JLH fe 228 A B o
RFARIT B LU B
A RHENFERBLE
B: EiAENEG L%
C : Efgiiffislfzx »
D: g% E: EEM* F: [l -
JRGE AN 7355 DU 28
0 : e ~ BIE RGO E) > 255 AR
% 0-0.5m/s s
1: BHEE ~ BUEC R VR ED - 255 A
M 1.6-5.4 m/s

FEBE 2016 FREE

2 : BEEYIRES - /Bl HE ) > 2255 A
H % 5.5-10.7 m/s 5
31 KiHES) - Y rTRESIRLE > 22
% JE\H %>10.8 m/s ©
il B A\ ZH ] Re Se R A0 kb I B Y
1) J5 AR AR e SR o % BRI B I 3 S A5 1
MR - KL > AR ERS R B 85
AL )30 FH A [T S KRR 77 0 o

— ~ B8R (line transect, Burnham et al.
1980)
S E — BRI 7 7 Y BEAR » AT E HY S
(%7 1-2 km/hr) AT HITE » GCERESHR R i 5 B2 8l
B8 WL 2 P SRR AR S B © @A A Ll
I B HAE P R A B2 R - Jf A BZHAC Bk
A BT P AR EERG S A B  JFE A o

= ~ BHEEHBUE (counting flocks) :

Aok Ik B P L B LA ELER 52 07 m NEDE g 88
B> DISESR A 308k B ] K #iE A
Fir A SRR AR s B o WG 2[RI R - B
AR W DA S 8 ] L A S A 2 PR o A
Q3 i DL £ 52 R 8 P I e B Bk o R
#5100 m > AIIFIEEZEE 2 R ER NS /[ Vi® 200
m > LI R S A S o R sh TR
g2 Bk [ LB SRR A VM E B S o 71k
SERRAET ~ i~ 1R - AR SRR REERE -
DU SRR B AR B 2 R - FH AR FERG MBI
HIRCERE 5 B B R BRI ERT I8
ESHERBENRI « FH L E0RE - KR
FERIRIAS B i W RSB > JH AT Bl
ANIRE P o 7K T B R B R T R IR R A T A
(Bibby et al. 1992) o # CZE K Bt Ran =
By > HIFEPE B8 - A B/HRC BRI &
N B GBI A (E AT 1 L JFEAR
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= ~ MRS (area search, Ambroses 1989)

TERRERIFAERIE A » FAEE AT —E
IREFIPA) > ¥ ZE IS P ) 5 s Fe R R B © PR
LB FE R 55 R — L fE ki
T SR o [P 1 I R I ~ SR
SRRAEEE ~ RS IR T A B2 o A
TR ~ AR R B o A7 BZE Rl T b [
= 2 #lE o

Pu ~ B hirkc ik
A b 5ol = T 5 K 2 o [ 3B B ] LA
P2 20 RS RE(ERE - SERIB R IR 8k -

BRI EE R T

R SR BIAEE ~ SRR
A1 BB AR LR R TF B2 E S
FfC SRR B G ATEEA.2 (2014 518 BSR4
(B85 2014) ~ 12015 518 BIHIC R B &4
FERTS 1 (T5§ 2015) /& 12016 &1 SEHA
BEE TG ) (P 2016) 5 £ 2K -
A% BIERE SR AERE » AILUTER RS
B MRz T2 R E YT )
fi 3 155 E R HRIBATEG R R A g
[f) 2010) o FEIE[E 2 S S B DA A
AR 220 T A A Z AR (AR 22 1l o % B Fl
I A o A R R 2 A

X

2016 FEEHTEEUSEEHR 23 KA
i 105 (I B# K » 4 1,116 i HEEZREE - 1F
R S B 156 (R 5 IE Py
1T » 1 2015 F3/)0 25 {EAR EIE (FR5E 2015) »
B ZTREEE Y 12.25% Hrf 101 {Ek @ E
1> 2014 78 2016 M HHE = EEACER o 15E)

HAR A 8% 331 fES » 292,837 HE XA EHH »
W& 27 MR (100%) ~ 56 FE R A fE
(95%) : W EWEEE —RIREH o i - 2 &
WE R E M 52 M~ SR E TR EE
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Fig. 1. Distribution of all circle sample areas of 2016 Taiwan New Year Bird Count

35



36

NYBC2016 55 fligy
Jo-29
[J29-36

[ 36-43

B 43 - 50

B 50-o4

Bl 6i-116

10 0 10 20 30 40 km
T

B8 ~ SFTRFSIIREH AN E

fi] 2. R o i S e A
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Fig. 3. Distribution of bird abundance of all circle sample areas
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7% 1. 2014 42 2015 4 ~ 2015 % 2016 - S FEE & A 2 E AR R 2 BRI o
Table 1. Bird species richness of the sampling areas that both increased or decreased 2014-2015 and 2015-2016.
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Table 2. Bird abundance of the sampling areas that both increased or decreased 2014-2015 and 2015-2016.
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30k -3 -164 e I 313 I 293
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aRE N -121 79 Tyl | 59 | 109
ARHSZLL -10 -60l HIEIR | 59 | 96
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Btk 1. 2016 ©F & {80 o BUR 5E R EERTRC IR < B 8% © T15-141 37 2014 8l 2015 2 (]2
%> 116-15] F 2015 48 2016 - 2 Al AEH -

Appendix 1. The bird species list of 2016 New Year Bird Count, Taiwan. “15-14"means the difference
between 2014 and 2015; “16-15" means the difference between 2015 and 2016

Species 2014 15-14 2015 16-15 2016
FEFR T I 0 1 1 13 14
5 0 0 0 16 16
fE5% 1 9 10 -8 2
BE 15 25 40 -28 12
RIS 59 25 84 -42 42
NS 6 34 40 -32 8
TREENS 3721 127 3848 6486 10334
ok SEIHE 194 -39 155 -9 146
TEmEHS 2560 211 2349 517 2866
EEMENS 6565 823 7388 2275 9663
RN 3387 -995 2392 208 2600
HIES 54 14 68 81 149
IS 0 0 0 2 2
/NIKHE 8646 -2037 6609 630 7239
L SETER 13 145 158 -93 65
H AR TENS 0 2 2 -1 1
JEASEVENE 2180 -1 2179 1730 3909
PETTTENS 11 5 16 10 26
FEFKTD 0 1 1 0 1
#95 1 1 2 -1 1
B LS 34 3 37 13 50
(UE% 181 -14 167 50 217
EENERE 32 -17 15 -8 7
B R 0 4 4 -2 2
IRGAHE 72 -19 53 3 56
/NS 922 -97 825 63 888
TR 10 12 22 -21 1
B 0 0 0 2 2
F7 0 3 3 -2 1

IEEE 8355 1134 9489 -5109 4380




40 FrEWE 2016 FERE
FH GBS -2 0 18 18
KIS 0 1 2 3
N 53 34 87 -19 68
LNy + 17 19 36 -17 19
B 4541 495 5036 1747 6783
Y 4 15 33 48 -25 23
KEE 2795 967 3762 2209 5971
e 275 -14 261 160 421
=] 0 5 5 1 6
/N 4686 2425 7111 1261 8372
F= 5 71 76 -63 13
HIA 3479 -1696 1783 1548 3331
i 22 17 39 7 46
ok 16 -3 13 3 16
55 2171 493 2664 396 3060
i 36 19 55 -3 52
B e EEEG 431 340 771 405 1176
HEEE 6 10 16 -12 4
BmEEE 819 432 1251 122 1373
g 103 36 139 19 158
BAE 40 21 61 19 80
TR 31 -21 10 43 53
Kt & 203 -42 161 52 213
HEE 1 1 2 0 2
PRI 34 -14 20 12 32
KB & -3 2

HITEE 4 4 0 4
RE: -1

JELE 1 89 -3 86 30 116
HATA & 0 2 2 1 3
A 16 6 22 1 23
&8 2 -1 1 1 2
B 1 -1 0 1 1
BE 144 -10 134 70 204
B 15 23 38 3 41
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KE 0 0 0 1 1
RTINS 0 4 4 0 4
R s 73 127 200 -28 172
TR 2 9 22 31 -18 13
SRR 0 0 0 1 1
ANR\& 3098 173 3271 451 3722
et 2 452 168 620 128 748
FHERS 0 0 0 1 1
=f 0 1 1 0 1
1R B 9416 -992 8424 2318 10742
U1 848 344 1192 2360 3552
W1 0 36 36 -27 9
IRBEH 498 -144 354 531 885
KPR DR 5721 -1823 3898 3252 7150
/N 259 -95 164 18 182
ek 98 219 317 -233 84
BT 225 -181 44 300 344
FOT RGNS 12155 -1792 10363 16390 26753
/NERSRTTE 1223 -140 1083 556 1639
07 ] 100 -54 46 -7 39
IKHE 285 106 391 -11 380
U1 0 1 1 2 3
AT 399 12 411 89 500
I 60 35 95 2 97
B L 2 17 19 3 22
G 11 -4 7 -6 1
H R 2160 -696 1464 807 2271
INE R 431 -99 332 331 663
[EBTEE 2033 511 1522 165 1687
UiNS 275 38 313 171 484
rREE 3 7 10 81 91
NS 779 988 1767 -140 1627
B 8 -3 5 14 19
ERE S 3 -1 2 3 5

et 814 190 1004 401 1405




42 FrEWE 2016 FERE
NG 6 0 6
AN RET 0 0 1
TR ER S 4 -2 2
FE RS 47 -47 0 6 6
RIETERG 2 3 5 -2 3
PR 2 21 23 -22 1
AR 604 -123 481 738 1219
LI 504 26 530 639 1169
— HkVERS 307 -191 116 104 220
BIEER 12953 -3136 9817 3274 13091
5 1040 -570 470 -206 264
rh b S 1 -1 0 14 14
LI 0 3 3 2 5
FE=RE2E 1 18 19 -5 14
Ei 0 0 0 2 2
TRIEEE 82 -58 24 76 100
LI 3272 -728 2544 737 3281
BRERS 23 -19 4 1 5
G 52 -40 12 41 53
SRS 17 76 93 -91 2
/RS 1 0 1 51 52
/Nl 32 -30 2 171 173
LR el 732 -44 688 335 1023
3 P el 45 -45 0 30 30
TR RS 945 -140 805 7815 8620
el 0 0 0 1 1
HY o8 1672 1136 2808 1227 4035
RN 214 -135 79 51 130
B 638 -121 517 522 1039
RLRE 4668 737 5405 1253 6658
PRSADENS 1056 806 1862 695 2557
AT 22 0 22 -7 15
kNS 158 -66 92 5 97
AL BERRNE 6 35 41 -24 17
AR S 0 19 19 5 24
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TR 12 7 19 2 21
EUEE 10 0 10 8 18
HE A 20 2 22 -8 14
ol L 49 55 0 0 0 2 2
e 5 -1 4 0 4
TEFRES 0 1 1 2 3
FUT ARG 2 -1 1 3 4
FHAS 0 0 0 1 1
&5 3 0 3 -2 1
B 14 6 20 9 29
PSR RN e 0 0 0 1 1
RIS <5 e 0 0 2 2
W 2 M e 23 -22 1 2 3
/N e 2325 -89 2236 155 2391
2 236 31 267 50 317
e 6 9 11 20
EREEEA 0 0 1 1
b5 %2 11 -1 10
2 3 32 35 57 92
htl 351 83 434 -9 425
HiA 0 0 0 2 2
/N 191 -28 163 74 237
KARBA 9 0 9 -2 7
R A 0 0 0 3 3
RLEE 64 0 64 22 86
AR 2 -2 0 4 4
e 20 11 31 7 38
IRMEE LIRS, 578 -11 567 38 605
PILRUS 0 0 0 6

HALRUS 0 1 1 3 4
RLBA(HZS 0 0 0 2

FLEHZS 0 0 0 1 1
RLRARSS 684 83 767 -2 765
a5 178 41 219 24 243

fkEE 237 -51 186 69 255




44 FrEWE 2016 FERE
£ 8 7 15 -5 10
PN 48 -19 29 4 33
KERE 937 -4 933 130 1063
NER 241 -25 216 84 300
BIEESS 412 -105 307 107 414
AL 75 17 92 -66 26
K 1 35 36 16 52
B A 238 -83 155 117 272
fhhe 824 22 846 236 1082
=ik 571 107 678 263 941
25 35 -20 15 32 47
7& 15 4 -4 0 1 1
ELmE S 201 5 206 119 325
ERCVE 2 14 16 19 35
FCHES - 22 -10 12 -5 7
INEAE 214 -117 97 126 223
KRV e 2688 -1166 1522 279 1801
YREE 2 -2 0 5 5
K e 2586 -397 2189 1028 3217
e 2318 310 2628 2043 4671
e 8 7 15 -6 9
N 5 1366 128 1494 1063 2557
HU77 ER 531 -47 484 453 937
ZiNiCIIEA 45 -9 36 -21 15
HELE 14 127 141 -82 59
BHILE 156 46 202 53 255
IR 62 -6 56 37 93
0 0 0 11 11
RLBE LI 981 -3 978 -278 700
A NETE 46 0 46 32 78
HEEHE 7 16 1 17
= 20 4 24 -4 20
H IR 199 44 243 -31 212
JSHEE 1045 -198 847 -24 823
EEE?] 7692 758 8450 1576 10026
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LI S 2880 557 3437 -78 3359
FEE 10 -9 1 43 44
SR R Al 0 0 0 3 3
Kt E A S 14 74 88 52 140
=i 25 2 27 53 80
KR IAIE 250 -36 214 242 456
H A& 2 -1 1 8 9
R 23 19 42 12 54
/& 8 2 10 24 34
BRI 14 17 31 8 39
et 17 13 30 26 56
EmEE 0 0 0 1 1
HIEE 4 29 33 16 49
wHEWE 69 -13 56 187 243
fidCAE 119 -35 84 71 155
EEpT Rk 0 0 2 2
e AN 0 0 1 1
RITRES 17 -4 13 6 19
/N 1 1
¥ PLhEE 2 2
GRS 0 1
trmRE 49 -3 46 15 61
wOHmREE 6 8 14 4 18
AR 3 7 10 -9 1
KBRS 226 53 279 184 463
TR EREE 860 -39 821 307 1128
tHIE L 38 43 81 12 93
ARl 218 155 373 -128 245
=S 1379 296 1675 -170 1505
kAR 4936 123 5059 2952 8011
{ECH AR 0 0 0 21 21
(LA 8 795 -123 672 237 909
/[N 654 2 656 213 869
K 149 17 166 44 210

GIE| =317 141 -48 93 149 242
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MR E e 2145 -79 2066 39 2105
KFEEE 0 5 5 6 11
BiEEE 86 -33 53 44 97
=R ARl 10 116 126 -123

TR 5 6 1 7 -5

S| 46 31 77 -28 49
= 65 25 90 9 99
HEZHE 729 84 813 -218 595
Y OF O 342 -57 285 110 395
SO 106 35 141 -30 111
EMER 6 -6 0 4 4
IKBEEE 0 0 0 5 5
HR5 14 199 213 -48 165
IR A 5 11 16 -3 13
HEHRE 77 25 102 -9 93
HA 5 25 0 0 0 1 1
/NEEES 11 15 2 17
BRI 0 0 0 1 1
e 88 -25 63 -4 59
B IS 6 2 8 16 24
/NI 17 -5 12 7 19
Hr g 60 28 88 91 179
H 5 38 -14 24 1 25
RS 17 3 20 -6 14
E)EpN 2 6 8 -6 2
SR IRAS 56 1 57 -14 43
RIS 1 -1 0 1 1
B4 Og 14 -5 9 10 19
WIS 1 1 0 2
Bt KES 180 42 222 -44 178
el 293 121 414 117 531
BERRIE 100 29 129 16 145
TR 10 11 21 -2 19
F ECH s/ FE B 44 -26 18 20
IKEFH 1 1 2 5
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BES 9 33 42 116 158
1 BE 7 -5 2 1 3
HIE# 32 -16 16 -10 6
FRERS 263 827 1090 -491 599
TRIEES 292 109 401 -99 302
TRSEHE 0 0 0 2 2
DERGHE 36 119 155 -39 116
FLEEFS 7 19 26 -6 20
JeA S 75 7 82 51 133
J\EF 427 2274 2701 -500 2201
HEE/ & 3134 -177 2957 1037 3994
FREF 10 -1 9 -3 6
K\ A 1504 -23 1481 410 1891
RS 205 -8 197 43 240
KRS 122 2 124 57 181
PEELS 29 98 127 -59 68
AhICAR S 276 -154 122 583 705
Eelliy = 26 -19 7 0 7
PR 74 3 77 37 114
AkIKA L 9 11 20 -5 15
RLRI AL 56 33 89 46 135
NREKIEE 0 7 7 76 83
KRS 350 92 442 175 617
= 386 103 489 176 665
SN 0 0 0 1 1
KAEZE 54 33 87 4 91
HES 165 81 246 -5 241
N 183 -117 66 205 271
e 2 4 6 4 10
EEL 0 2 2 -1 1
s\ 9 -2 7 48 55
S 0 0 0 5 5
BIRES 0 3 3 6 9
TROHES 0 0 0 1 1
16 BEE 0 0 0 1 1
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LSZ 0 0 0 7 7
B s 163 93 256 119 375
1t 45 3 48 -18 30
8 37 -17 20 -2 18
K& 1 23 24 -12 12
BEAE 11 -7 4 1 5
B 6 8 97 105
INEEPR 0 3 104 107
L1 0 0 1 1
Jiifi 17994 517 18511 2512 21023
fE st (L 0 0 0 11 11
P SIS 30 -27 3 83 86
IS 394 -61 333 107 440
BECRS 1659 725 2384 27 2411
B 27 124 151 -140 11
pISEAE 11 10 21 56 77
TE 2 0 11 11 5 16
KALEE 0 2 2 -1 1
WS AH 0 10 10 -7

GHER] s 0 21 21 -19

e 0 1 1 1 2
JEXR 0 7 7 3 10
e 5 -3 2 26 28
TR\ B 13 -12 1 10 11
AT A 0 0 0 10500 10500
HES 0 0 0 2 2
W& 0 0 0 2 2
=R IPNZE 0 0 0 1 1
HRaRE 0 0 0 10 10
NEHH 0 0 0 1 1
Exsi 0 0 0 8 8
SHHEE 0 0 0 30 30
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Abstract

This study is an investigation of heavy metal pollution in the algal reef coasts of northwest Taiwan in
2014-2015. The coasts between Taoyuan and Sinfeng, Hsinchu, were divided into 15 segments according
to estuary and geographical locations, then sampling stations were set up according to coast type. A total
of 525 algal reef and sand samples were gathered to measure the concentration of 32 heavy metals by
X-ray fluorescence spectrometer. Multivariate statistical analysis was performed on the quantitative data
to compare the samples. Four groups of elements were further categorized based on ordination of
principal component analysis and dendrograms from cluster analysis.

The first group of elements included calcium(Ca), scandium(Sc), strontium(Sr) and sulfur(S). As the
reefs were complete and seldom covered by sand, calcium would be found in higher concentration. At
Sinjie coast C4 station, the maximum content of strontium was found at 8147ppm and the average of
sulfur was 2083.3ppm; and at Caota coast E1 station, the maximum content of sulfur was 16,183ppm,
showing unusually high values. The second group, specifically zinc(Zn), nickel(Ni), copper(Cu),
manganese(Mn), iron(Fe), arsenic(As), lead(Pb) and molybdenum(Mo), are elements commonly founded
in effluents of traditional industrial areas. Extremely high values were detected at Fulin coast F1 station,
with zinc showing a maximum value of 2077.2ppm, nickel 456.1ppm, chromium(Cr) 351ppm; and at F3
station the maximum value of copper was 1249.8ppm. These results are all far above the standard soil
pollution control values for criteria pollutants. Highest values of elements that are not listed in the EPA's
standards were also found. For example, the maximum value of titanium was 5087.9ppm and iron
138332ppm. In addition, barium(Ba) was measured at a maximum of 1479.7ppm, cesium(Ce) 457.2ppm
and tin(Sn) 245.2ppm at Fulin coast F1 sampling station, showing serious pollution. These three elements
along with silver(Ag), cadmium(Cd), palladium(Pd), antimony(Sh), tellurium(Te) were categorized into
the third group. Samples with maximum value of barium, cesium and tin were collected from Fulin coast,
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and maximum values of the other elements were found at Potou coast O5 station. Guan-Sing algal reefs
are Taiwan's only protected algal reef coast. However, the highest or average values of manganese,
mercury(Hg), cadmium, rubidium(Rb), scandium, thorium(Th), palladium were found there. Compared to
data from 2011-2012, zirconium (Zr) slightly reduced to a maximum value of 2778ppm.

During the reef algae building process, these elements may accumulate and may not have the same
degree of heavy metal adsorption as sandy shores. In this study, 525 samples were divided into reef and
sand samples. As shown by the first three groups, many elements in the reef samples were found to be
significantly higher than that of the sand samples. However, the fourth group of elements, specifically
titanium(Ti), potassium(K), rubidium, vanadium(V) and chromium, showed a reversal, with higher
concentrations found in the sand samples rather than the reef samples. It should be especially noted that
the highest values of these five elements were all detected in Luchu coast.

This study found that heavy metal pollution in algal reef coast of northwest Taiwan is serious. Each
segment had different sources of pollutants. Fulin and Laojie coasts were mostly polluted by traditional
industries, Potou coast was polluted by rare metals, Guan-Sing algal reefs coast and the coast on both
sides of Yongan Fishing Port were polluted by a complicated mix of factors.
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Table 1. Maximum and Mean of 32 heavy metal contents from 525 samples in algal reef coasts of
northwest Taiwan, 2014-2015
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Maximum - .Mean Sfd'. Maximum - .Mcan S%d'.

Statistic ~ Std. Error  Deviation Statistic  Std. Error  Deviation
Ag 512 10.22 0.41 9.43 Pd 77.9 1292 57 13.12
As 271.6 25.52 1.61 36.92 Rb 88.9  35.22 .84 19.32
Ba 1479.7  537.24 8.45 193.67 S 16183.0 2083.31 7777  1781.96
Ca  458215.9 93063.10 3843.67 88069.52 Sb 2883  72.55 2.14 49.13
Cd 99.3 18.57 0.65 14.85 Se 270.9  82.37 3.06 70.08
Co 299.4 30.14 1.94 44.39 Se 8.1 .32 .04 91
Cr 350.6 24.19 1.24 28.50 Sn 2452 72.84 1.73 39.57
Cs 457.2 146.73 3.16 72.52 Sr 8147.0 1156.52 61.88 1417.78
Cu 1249.8 53.85 4.06 93.01 Te 941.3  269.92 6.98 159.87
Fe 138331.7 18331.49 738.19  16914.16 Th 42.0 10.76 24 5.49
Hg 53.6 7.04 0.40 9.19 Ti 5087.9 1192.73 38.33 878.34
K 13509.5 5973.25 146.48  3356.19 U 25.1 1.04 A2 2.66
Mn 267353 2417.25 163.69  3750.52 Vv 87.8  24.10 .67 15.43
Mo 69.0 7.13 0.42 9.66 w 105.5  10.50 .78 17.83
Ni 456.1 3113 2.19 50.23 Zn 2077.2  132.87 9.53 218.31
Pb 148.4 24.28 0.76 17.39 Ir 27717 367.27 15.79 361.83
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Table 4. Statistics of Ca, Sc, Sr, S contents from reef and sand, northwest Taiwan

RS Maximum o Mean St Fror Std. Deviation Variance
Ca 45821591 128653.43 4209.60 81191.87 6592119535.18
reef Sr 8146.98 1583.81 76.98 1484.78 2204563.07
n=372 Sc 270.89 113.52 3.09 59.61 3553.49
S 16183.04 2679.67 92.38 1781.68 3174390.39
Ca 14994.77 6529.74 272.26 3367.73 11341577.86
sand  Sr 910.36 117.61 10.02 123.97 15368.44
=153 Sc 74.03 6.61 0.83 10.25 105.06
S 2840.99 633.34 37.22 460.43 211991.52

7% 5. ZETUILENER F1 K F2 FRERUL 32 T B8 & & 2 Rl &k
Table 5. Descriptive statistics of 32 heavy metal contents from station F1 and F2, northwest Taiwan

P38 pR0R 0 O 30 2 SRR (B L) n=12

Cd

Sn
Sr
Te
Th
Ti

£ <c

Zn

FLE PR EE 2 308 SRR (B EAL) n=9
» Mean Std.
M Statistic Std. Error  Deviation
41.38 21:52 3.90 11.71
131.16 67.55 14.82 4446
1479.73 906.69 100.66 301.98
265887.69 152015.54 15839.69  47519.08
57.61 37.79 541 16.23
44.02 6.90 5.05 15.15
350.59 106.32 42.42 127.26
45722 274.07 3242 97.27
160.38 101.83 13.88 41.65
138331.67 68076.70 16949.67  50849.00
46.41 12.47 481 14.42
4955.72 3555.68 263.11 789.33
12856.91 6484.50 1181.48 3544.44
40.82 25.38 425 12.76
456.11 186.99 4831 144.92
103.21 58.87 11.00 33.01
46.76 28.09 440 13.21
26.80 19.26 1.35 4.06
3228.92 1853.04 278.63 835.88
258.31 152.50 20.79 62.38
137.45 63.94 16.88 50.64
.00 .00 .00 .00
245.24 153.85 19.61 58.84
1209.77 943.89 43.32 129.97
92291 519.36 73.18 219.55
15.87 11.53 1.35 4.05
5087.88 2958.05 470.32 1410.96
4.96 .95 .64 1.92
69.70 32.64 7.97 23.90
63.68 8.02 7.02 21.06
2077.20 925.82 226.28 678.83

922.63

591.75

82.37

247.12

Pb
Pd
Rb

Sb
Sc
Se
Sn
Sr
Te
Th
Ti

£ <c

Zr

b5

s s Mean Std.
Maem Statistic Std. Error Deviation
35.80 21.11 2.74 9.48
109.97 74.58 8.09 28.03
1125.74 909.29 48.35 167.50
156589.47 101785.86 10583.54  36662.46
58.62 37.76 343 11.89
167.77 35.25 16.55 57.34
32.79 7.36 3.46 11.98
357.00 269.45 15.79 54.68
1249.83 490.72 97.52 337.82
72836.23 45691.06 5390.84  18674.42
31.76 13.47 3.15 10.91
10020.93 6241.57 768.64 2662.64
22995.79 14034.63 1953.88 6768.45
31.69 20.43 2.04 7.05
395.17 208.69 27.24 94.35
77.10 51.39 423 14.65
44,99 28.58 422 14.63
37.26 27.62 1.97 6.81
3128.81 2270.71 177.20 613.86
202.26 145.93 11.90 41.21
172.74 124.36 8.36 28.96
3.80 76 37 1.29
188.70 147.22 9.93 34.40
1596.90 883.94 106.41 368.60
700.38 521.35 38.40 133.02
17.70 10.59 1.13 3.92
1483.38 803.24 119.66 414.53
7.29 .88 .62 2.14
58.25 28.28 5.35 18.53
42.14 4.80 3.55 12.30
1961.56 1120.19 121.81 421.95
596.46 203.22 4431 153.48
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Table 6. Descriptive statistics of 32 heavy metal contents from station D2 and L7, northwest Taiwan

D2 4R C1 A6 3T 52 Sl (B WA ) n=6 7.7 3510 J6 {5 i (8 £ ) n=9
; Mean Std. . Mean Std.
Maximum L Maximum L

Statistic Std. Error  Deviation Statistic Std. Error  Deviation
Ag 23.68 12.47 3.87 9.48 Ag 22.84 15.64 1.88 5.63
As 274.86 177.32 36.14 88.53 As 277.58 132.31 32.33 97.00
Ba 914.67 705.03 69.41 170.02 Ba 911.12 682.67 45.33 135.99
Ca 129076.46 102944.89 6163.81  15098.20 Ca 195696.48 139084.85 9986.77  29960.30
Cd 39.97 22.21 5.80 14.19 Cd 38.89 24.55 3.13 9.38
Co .00 .00 .00 .00 Co 51.86 12.98 6.82 20.47
Cr 138.33 68.10 19.70 48.25 Cr 2249 13.15 3.40 10.21
Cs 2717.54 193.11 27.22 66.66 Cs 264.98 203.65 15.67 47.02
Cu 195.88 134.45 25.78 63.16 Cu 115.43 72.32 8.40 25.20
Fe 125855.48 79375.57 16058.81  39335.89 Fe 105808.16 44223.37 10899.95  32699.86
Hg 2541 10.99 4.67 11.43 Hg 40.92 11.70 4.57 13.71
K 11681.50 8008.25 947.59 2321.10 K 5586.29 4026.03 396.45 1189.34
Mn  18029.44 10212.01 2081.13 5097.71 Mn  15299.10 8282.70 1940.82 5822.46
Mo 18.95 13.58 1.85 4.54 Mo 68.98 44,52 6.40 19.20
Ni 137.62 85.62 11.85 29.04 Ni 133.84 73.56 19.97 59.90
Pb 111.57 66.12 14.79 36.22 Pb 148.38 85.13 16.72 50.15
Pd 48.34 21.86 7.47 18.29 Pd 33.70 24.99 2.19 6.57
Rb 52.63 36.37 3.98 9.76 Rb 37.04 2741 225 6.75
S 1268.17 821.67 154.76 379.08 S 6467.18 4807.48 375.71 1127.13
Sb 173.38 99.11 21.38 52.37 Sb 175.82 110.09 11.62 34.85
Sc 172.93 104.39 26.30 64.42 Sc 234.71 106.00 19.25 57.74
Se 1.03 30 .19 47 Se 8.06 1.07 .88 2.65
Sn 180.78 107.60 20.65 50.58 Sn 148.98 105.46 9.36 28.09
Sr 1801.78 1219.01 152.95 374.66 Sr 2437.67 1759.40 157.07 471.22
Te 558.63 357.32 64.98 159.17 Te 605.40 387.76 38.34 115.03
Th 20.67 12.88 1.65 4,03 Th 18.56 12.45 1.79 5.38
Ti 2032.42 1433.82 132.06 323.49 Ti 697.06 413.28 63.81 191.43
U .00 .00 .00 .00 U 71 .08 .08 24
\Y 54.42 37.20 7.83 19.18 \Y 47.14 25.96 5.01 15.03
W 28.16 4.69 4.69 11.50 W 42.50 8.62 5.74 17.21
Zn 322.71 237.23 26.82 65.69 Zn 232.84 163.00 16.97 50.90

Zr 1106.04 526.96 189.74 464.77 Zr 2134.24 501.74 240.91 722.72
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Table 7. Statistics of Zn, Ni, Cu, Mn, Fe, Pb, As, Mo contents from reef and sand, northwest Taiwan

GRS Maximum e ican St Bror Std. Deviation Variance
Zn 2077.20 152.13 13.30 256.58 65831.11
Ni 456.11 36.55 3.01 58.04 3368.11
Cu 1249.83 66.29 5.59 107.81 11621.95
reef  Mn 26735.34 3250.01 216.00 4166.12 17356549.65
n=372  Fe 138331.67 17676.42 1007.55 19433.01 377641969.16
Pb 148.38 27.13 1.02 19.68 387.25
As 277.58 31.14 2.20 42.42 1799.22
Mo 68.98 9.51 .54 10.45 109.30
Zn 139.75 86.04 1.82 22.45 504.13
Ni 90.91 17.96 1.23 15.21 231.43
Cu 87.43 23.61 1.01 12.54 157.13
sand Mn 6657.68 392.50 44.61 551.82 304499.86
=153  Fe 108166.48 19924.20 630.93 7804.19 60905400.57
Pb 50.58 17.33 44 5.41 29.22
As 57.41 11.86 52 6.44 41.45

Mo 24.04 1.35 22 2.73 7.43
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Table 8. Descriptive statistics of 32 heavy metal contents from station D2 and L7, northwest Taiwan

Ag
As
Ba

Cd
Co
Cs
Cu

OSERURERTFRR O EERRE) n=12

i Mean Std.
Mo e Shl Bmor Deviton
5721 2917 5.78 2003
56.68 20.69 3.56 1233
1353.32 86045 11468 39725
21042034 80806.60 2029380 7029978
99.27 48.11 8.81 30,51
149.43 24.02 13.33 46.18
38.16 1141 491 17.00
456.84 267.64 3744 12969
56.43 21,85 6.05 20,95
2178338 1479363 133564 462678
51.96 16.48 5.85 2026
580517 286144 44391 153775
1089437 305465 82237 284877
24.04 8.84 2.19 7.58
69.01 1331 6.01 2081
50.58 26.53 2.86 9.90
77.85 37.38 775 26,85
38.54 26.76 183 6.33
529960 251076 42504 147238
288 31 162.57 2759 95.57
196.15 100.14 2258 78.23
3.83 59 35 120
200.68 120.07 16.46 57.01
1379.60 973.47 5942 205.82
94134 546.67 8812 30526
31.76 17.92 1.97 6.83
1495 85 77106 15438 53478
25.14 407 235 8.13
52.49 18.03 5.60 19.39
80.79 18.55 7.54 26.11
103.58 70.68 3.92 13.57
1815.23 931.00 14482 50167

Ag
As
Ba

Ccd
Co

73
H5 R 7 sl A i OO A S 1) n=12
; Mean
Muvamm —cor®  SW.Emor | Sil. Devstioh

2410 17.02 310 1424
137.41 51.86 1232 .69
1281.97 666.92 94,57 32761
33310931 16116386 3571831 12373184
7121 28.45 5.94 2056
29935 40.36 24.84 86.04
53.25 16.86 5.96 20.66
408.35 20134 3211 11.22
68.34 39.15 6.94 24.03
53986.09 2026690 446777  15476.81
38.55 13.09 3.33 1154
663973 381108 51432 1781.66
546338 323546 363.64 1259.70
19.18 5.89 1.76 6.09
90.84 32.16 9.53 33.02
58.69 31.23 459 15.91
6823 2321 5.84 2023
36.32 2047 1.86 6.4
5770.81 316922 575.65 1994.10
245.64 108.98 21.44 74.28
199.94 105.15 15.13 5243
4.06 93 43 1.49
21175 98.74 19.94 69.07
2498.05 16812 13021 45105
920.14 390.91 74.94 259.61
21.57 13.43 1.66 575
1017.60 584.14 7622 264.03
458 38 38 132
2461 13.91 229 7.94
9326 8.35 774 2681
17481 97.73 10.40 36.04
1080.53 498.39 89.05 308.46
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Table 9. Statistics of Ag, Ba, Cd, Cs, Pd, Sh, Sn, Te contents from reef and sand, northwest Taiwan

— . Mean Std.
BRIEE Maximum Statistic  Std. Error Deviation
Ba 1479.73 585.83 10.31 198.88
Cs 457.22 171.77 3.54 68.33
Te 928.25 324.04 7.83 151.01
reef  Sb 287.15 88.29 2.43 46.85
n=372 Sn 245.24 85.38 2.04 39.26
Cd 99.27 23.49 T2 13.97
Ag 57.21 13.26 46 8.95
Pd 77.85 17.13 .66 12.69
Ba 1353.32 419.09 9.19 113.71
Cs 406.62 85.87 3.10 38.36
Te 941.34 138.33 7.16 88.58
sand  Sb 288.31 34.28 2.40 29.69
n=153 Sn 191.53 42.34 1.44 17.76
Cd 83.06 6.62 73 9.02
Ag 56.66 2.83 A7 5.82
Pd 62.03 2.69 58 7.19

%

2K 10 EHPGACAE L ~ #1081~ FL~ 8%~ B K~ B BLE BIEREEE RO RIBRA A HE
Table 10. Statistics of Ti, Rb, K, V, Cr, Co, Hg, Zr, Th contents from reef and sand, northwest Taiwan

N ) . Mean Std.

R M fic Std, Error Deviation
reef Ti 5087.88 78949  33.69  649.81
=372 Rb 8891 2638 79 15.19
K 1321262 445432 12552 2421.00

v 69.70  19.55 68 13.02

Cr 35059 21.52 166  32.03

Co 20935 20.02 216 41.62

He 53.60 8.52 51 9.92

7r 2777.65 43183 2093  403.67

Th 4203 1112 32 6.18

sand T 382771 2173.16 4149 51322
=153  Rb 7936 56.69 67 8.30
K 13509.48 966634  183.47 2269.36

v 8778  35.16 123 1525

Cr 66.09  30.69 124 1537

Co 150.67 5475 334 4129

Hg 51.35 3.46 46 5.73

7 88541 21028  11.02  136.32

Th 23.06 9.89 25 3.10
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Cirih
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1. ST A AR A G EE - 2014- 2015 A
Fig. 1. Study area of algal reef coasts in northwest Taiwan, 2014- 2015.

‘&

2. Z AL A SRR PRER UL (L& & » 2014- 2015 4 »
Fig. 2. Sampling stations of algal reef coasts in northwest Taiwan, 2014- 2015.
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UPGMA

Mean Character Difference

B 3. =i 252 WEEAT 32 THE BRI TR Z B AGHHAE - 2014-2015 4 -
Fig. 3. A dendrogram showing unweighed pair-group method with the mean character difference of 252 samplings among 32

heavy metal contents in algal reef coasts of northwest Taiwan, 2014-2015.
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Fig. 4. Ordination of 32 heavy metal contents by 525samples along the first two PCA axes in algal reef coasts of northwest
Taiwan, 2014-2015
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Fig. 5. Ordination of 525samples by 32 heavy metal contents along the first two PCA axes in algal reef coasts of northwest
Taiwan, 2014-2015
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