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Abstract

Submarine canyons are common geomorphic features that incises into continental margins,
characterized by complex hydrodynamic processes, heterogeneous spatial variations and steep
topography. Globally, there are approximately 9000 submarine canyons, covering 11.2% of the
world’s continental margins, of which, 6 canyons are distributed along the continental margins of
southwest Taiwan. This study conducted field sampling in SW Taiwan and integrated past data to
gain insights on the benthic community structure of Gaoping Canyon, Fangliao Canyon and the
adjacent slope via multivariate analysis techniques.

This research discovered that environmental differences between the two morphologically
distinct canyons are mainly reflected in the variation of sediment characteristics and the intensity of
physical disturbances. In result, two canyons display opposite patterns of macrofaunal density
distribution and significantly dissimilar taxonomic composition. Through the construction of a
structural equation model, this research identified physical disturbance and food supplies as the
driving factor of community structure. Of which, the magnitude of physical disturbance is more
influential than the abundance of food supplies. This study further discusses the potential of utilizing
submarine canyons as natural laboratories of environmental shifts and the prospective development

of canyon research.
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Bathymetric Profiles in Upper Fangliao Canyon
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* ARIESER A YRR ER

AWFERF S PR ~ PRt BRI R A AR ) FE E e P 2 ] 2 3RO -0 - fi]
AL REERIER SRS Y V)3 FE B M A G T AR > S 2 - SRR A E
IR R DT RS - Hoh - SRR Ay 3 e B RIRAN M (R®=0.73) BREERINE
AT ERR L Ik > HENN SRS Ehoe G iE /Kb - BUKREAEY AR SRR -
P 7K RN > PR R B A R B A > LB VIR B 5y Vs e 2 vE -

[Flfks > 15 BRI BT BRI A A AR /K264 900 m BEAHAS © s BRIk Bilivis - BERa
PV FE B R R IR LR PR - T H A IR MR - S BRIk e Y AV
FEEARS SRR IR YRS -

Macrofauna Density Variations At Different Depths in
Gaoping Canyon, Fangliao Canyon and Adjacent Slope of SW Taiwan
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B0~ YRR B - EE R RERY - eSS - ALERIRRE -

AH5e g iE# PERMANOVA BE-E Mt E S5 30 I I VI B RS EHYRE
M (gl - ) - ABTFEE R & B R & MR ch R AP T R dg R
FuE (E+1) - B+HER > SFBEHNE (GC) - AV i E H (number of taxa) B1EL
— IR Y S SR RS (FC) K - HAdtP#hIPT (Nemertea) ~ 28R4 H (Peracarid
crustaceans) 1 iy e H (Amphipoda) 825 ¢ H (Isopoda) Kz ##s E¥7) (Mollusks) iy €8 3%
4 (Bivalvia) 75 FRIB S T E 2P 2 > B HIRAE SR (RERBARE ) AYERESR: > 1E
PIFIRE T AR E A E -
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% B4 (Polychaeta) fEFTAPRECELENA 35T - ZME S R T 2 BV EE (IR - 4%
& (Nematoda) FERIIA T B REfREFAE (BAENETHELRET) - #E LAVZEETEN
HEISHER S THE - A AT Re S EE R RGN (Rede BT BRy ) - KEL i
R Ry N EAEEDY) meiofauna)

|

8 & 8 8 8 8 8 @8 &8 2 3 & 3y 3 3
Taxa n N o [ [ [ [ D N IR [N o I DN D

5§ & § & & §8 & 8 & B &8 83 8 8 8
Polychaeta 366 551 97 115 643 308 1194 1097 551 - 308 1078 539 1424 693
Nematoda 52 92 192 643 87 154 38 38 154 192
Harpacticoida 92 154 459 664 385 2040 - 308 346 115
Tanaidacea 154
Amphipoda 3 192 38 539 539 500 346
Ostracoda
Nemertea 115 77 308 385 385
Isopoda 58 77 269 924 231
Cumacea 19 58 308 308 308 500 231
Bivalvia 275 29 184 308 192 885 808 462 154
Alpacophora 38 38 38 616
Scaphopoda 1011 - 77
Sipuncula 19 551
Ophiuroida
Cnidaria
Nebaliacea
Stomatopoda
Asteroidea 96 38
Gastropoda 38
Scyphozoa

Platyhelminithes

[+~ ZEPIRHRICENE] - dedil Ry EVRREE R -t R PRET R (BIERI SR —) > BRERFITR SRS - GC
FofmFHBE > FC R alss > A8 RV i A RIVEVERE -

=~ HinksS | FEAYNREBNEFEBERT
Azt pTE R EEEE TS0 8T (distance-based Redundancy Analysis; dobRDA) 43474

VPR EF BT N T AV BRI T - BRAS LA R 2 B B W A 1 e e A W B i 2 B ]
ERVE R (8T - B ) - WHESs "B ] RS R Esae - AR & 8 Ak
BYIE > WHERPEEVERNEERNE KPR 8LYEayE ) - 2
> AT ERERETUAR I e ) E AV BRI A T~ Al A B EA RN T R EiEE (B
W AR A SRR g eV B R A FRE ALY - e T —EREREE
WRHIES]) -
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[l > WAV EBRNERES > ERaaSERENTAER (B AixEE - R
Hooh - IREEFER TR ER T aYE  WEE) - ERRREEEDRIR RS
SR ATARRRENE o Rollt - AWIFRE— 20 G TR AR R e AT AR - RRERKY)
IR > AWTFUINAAE SRRV ERHE T 01T -

- SR T e R A A - (B SRR R ST IR - B
LB R AR A - PRSI RR SRR TRk (Snd; %) - i E R (TOC; %) BB
S HOBBERTRIEAFE Cly %) R (Trn; %) » FIFVEFEE AIREHED 2 i
P (Slt; %) - ybkr (Snd; %) - HHEGRAR (TOC; B AFIERILER P RUELRE > &1 - PR T
%)~ BEELL (CN) ~ B (Sin;psu) &40 (Oxyi /B98N (Dns individuals/m?) ~ 4915 B 8
mg/L) I (Tmp; °C) BUANEE (Trm; %)« &%) (Tax) - SB{ERR TR &R (Foo) - Y7EiE{E)
T Byt (Dns; individualsim?) ~ ZERpERE  (Dst) RAEVIRESRRASHS (Bio) - BSIC A it
# (Tax) - R (BT -

&+ Atkica R (TOC)EERELL(CN) ~ ZELASEE (Cly) ~ BiASEE (SI) FE2fE
IEAHRH - AzELDRSEE (Snd) 2P RESAERE - VDRI(EEE (Snd) JREARE L (Cly) Kekiib5EE
(Sht) Z= AR - RIAWIFE (Liaoetal., 2017) B MAEEIRIIIRRY) (A1) ZBE
BB & B (K IRL (EY) (R 7)) SO R Z AL EE IR Ry 9]
BYIEZBIBER NIt AW AR EE (TOC) BybR(EEE (Snd) MATERat " &
Y& (Foo) ; ZVBAERNT « [El - R AHIZELUES L (T) F BB SRRSOt
FERE ~ KPR IR IRE AR - BRIy - OB R EE) Z ERE - Ry
(ORI S IR R EH > AWTFORIE IR (ER (F RS (Dst) HYEMIA T - f&i% - A&
WHoeR A rE e (Dns) BUAYHERE (Tax) BE R T AVEEGH (Bio), -
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[ - Ry AT AR LAl R T RS T e A > B - [ElfP S E (Bio~ Foo Al Dst)
F/BEEE - HEREIAN IR RIS - 355 (TOC ~ Snd ~ Trn) B4 ¥4 5~ (Tax ~ Dns)
ILUSHESOR - B EEE (ER) BEIRERAEYINT (O7E) MRS IN T HB e
EHVHER - LLeYIE (Foo) Rl > AikixaE (TOC) BaYERVERES SR/ (HEE
#HE [1.00>-0.71) - HAKEG &GS - &YE@s (RE 1.00>0) - /MffbtbEs - &Y)
EAR(ARE -0.71<0) BE GBI B S B HIS LR RS BV LIRETHES) (Dst)
Folfl  BRESIE BB A YRR RS 5 3 /-0.50 » (AFIBB)7R L (Dst) g fin—Ei Az - ZEY)BF
%% (Bio) &l Ek/V-0.50 FRfr - Horfr GriEUTREHARL 2 BRI AEERI(E <0.1 (ARFENTY
Bl =03 ARHEFE - >0.50 7 EEGHEHTBREEEE (Suhr, 2006) -

LR - &P (Foo) ¥EVIEERGERE (Bio) (FAE P mySHVIEMRE (W #E M
%85 0.18>0) » FIEEE) (Dst) HAEVIEFR (Bio) {FAEHRA G MR E (F8{EA%E -0.50<0)
HERSHREhH A VIR BE BN Y EH AV E (R GEGEEE -0.50[>(0.18]) -
[y - BRIEESNH RV EFAERIIN AR E - BURREEES) A RER R B A VIR AR
it TENZE - BH SRV EHAYVIERA R BRI SE

— AR R

IS EBLOKSTEL RS O [N T I A2 B BB R e e
RIEIATHTR T » A0 ~ RS - B T8 Lt o] (E A R I il -

RIS L BB S SUE S (L 1E B BB B BaEE - 1 T 4D
Bz 4h B ABFSE (Gunton et al., 2015; De Leo et al., 2014) 4% 547/ 5 B 23 J60H V AU%5
PR ARE (BB VIR U IR - S7E HRTORE KBS /7 500~600 AR ) f#
BB U 50 ERyEaes (SRR < SATT > SRRIa T BEm R B A ey
VRIS e (GKZRIT 2000 3K (h4ERFIREE V AIEIE » HE TEBRIa O (K%
472800 /4R AFBE R U MBI o o HEYEIIEEE 3571 -
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-8R - Ak E(TOC) Bl =@ 2R 2 — HEFrlla f =@ A i
RERR(EE - HREFRSEREEERIEYEA - AN A S SRR R
W E PRI N IR B A RERL /D > FTRE B RNEREERG SR P e S Rl B2 HiFlEss - b
ISR EE M SR (R AR R BE U (sorting effects) » (SEA AT & & (RAY AL IRIL
By (ambin) PEEERS BFF (Liaoetal, 2017) - [RIMEA: " &bk a N EA IR & 8%, (VR
BEATHTAE R - FHIE/\RT 5, B BRI & R YIRS o3 46 By 15348 (HS
BRI DR S LL B S - 3 O 2 AR RS BG4 500 m A& g HL A g -

ISR R RE R A Y BRI MR B LA AT SRV B R T /30T -
PR S B = e v 2E BHBER AR M B LAY - ATABASE (Liu et al., 2016) R > 22,
SRIEAmE R 2L > =R P IR (Gaoping coastal plain) [ A LS LS HAIETL
HERYEZE (flood season) » [LHAR =i 7% a4/ s H RSV & e 2 AR FE i LK -
ZSHRFEHER] > fTZC OR1_1126 £ NOR3_0068 iARZEMIGE SN+ H ~ +— H B TEREE - IR
FHE R BRI URBRYIEA > BRI AN 2 850/ MIEIEY (05sLEk0) {5tk
e RS BN 5 T OR1_1102 7EPU A £%E% - e R &L E 2 F
RETRA Y0 A B RIHARR > 0 Lk R HE Eh 2 AL A RE R B (E R SUEE N R IRE
FEFESE)  (EERDIUEYIE RHEILARR S - AE MK (1126 fTRIVA R
SR 0.4~0.5 1102 R AIZ4 1t 0.2~0.4) - HHILETR m e B B S LRIZIRY &I
7 B A AR FERVERBE R ~ AR REIR R S S S A AR - AUI5UEEEL B4R
PEHIRIS3AT (LDA) ~ Esro3i (PCA) ~ BRI TR S LIT4RE - BRI T REE RN
SEFARTEA G T E L S R AT 3T -

BURE) Ry BRI M A R LAVRASEIN 2R (Harris, 2014) » AWF7Esdfy - BIRREIFR T
HEEAYERLUN GRS A R - M 2R YR B LIE - 1 S R
SR E R (Bl BEEEERE LR A4 - A BEREISIEE - JRTEE KRR ) Il
Fo i B e 75 Bt 72 SREE IR R R R [EIRY A -
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T AYRBERER

[ - PURY AR - BRI B0 A s RE B R PSS B DO A8 » AR R AL 26 Bl v
HHIE (De Leoetal., 2010) > HERIAFEZRRE N0 - D 2IBRATVAAKY) (phytodetritus) J&
/b (Weietal., 2010) - 241 » & kA Hy AV S RN SRR EE - B S R s s iy A2y
P B S LA AR A /KR4 900m JRAEE -

(o2 A BEEL 1B HE S 75 55 (Dynamic Equilibrium Model; DEM) (Huston, 2014) » E7E 1)
(productivity ) EEERIZIEE) £y TP ¥ —mI A REAE IS AR R (Mfskt) » AWERLR  &hF
e IRER SR SR BN (A VS DUE B AEAT - WEIRF R A YISt Rz - (S Frka K
SRR B ALY TETE 5 B A AE IS - AlIREZRE B I 22508 208 - 18 TR -
BREHR B RIE A e D22 U o ~ AR BRI B N - S RIS BN A A 2R
FEFHEBATLITT T E -

HEZR H RITSER Z AR IR A U ERFEUITE R (HH A Hm Ll U B5 ¥ HEECE
BR EERHRARAT - HEHIA BB MR BT - PR BE ) IR AR £ 3 K2Rt ERe . (Hale et
al., 2012) - BRI ANEE AREEE S | HABEREIVESR - BEFRIRENEIIEY &
{I5+43AMR (Chiangetal., 2020) - (NIt - BEAAYIBEMERENMGS - (HARI YR 2k
BHTAEY R FE R R - F NI AR A m] RE R LR S Rl s Tk

PRSI AR = R e B8 - FEIRAE B AR A A 72 520 HBHRE - iR B
BNERERREFE - BRI H RRIEEEM: (epibenthic) LY ML EIREO A Ia B V<2 1
s (Aller,1997) » [ SRR IREAY S BB » Rl 7y IR 1Y £ S A YRS -
FHIE AT, N EAEYER B S N E S A AT AR - YRR R MR AT e S & IR
R -
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» BRI A 4 R ST RS S aT R EE L

i 2 FAMIE Y A BRI B S BB R IR 2 A V) T LS B RV ZIGRE (De Leo et al., 2014,
McClain and Barry, 2010; Robertson et al.,2020; Gunton et al., 2015; De Leo et al., 2010; Wei et al.,
2012) » BB N B A e S B AR V) 2o B M B B S A MR ER T, - HERNB S TR YIRS
VAR TR REDRL e Y R B (2 2 JEC B0y POM (particulate organic matter; 7> 5424114
W~ AR EAFRAE IR A ) i ERORHEER - (s KAy Esn
PRI > femE )BT (primary productivity) (Bosley et al., 2004) - [Fff - BEEATHEH!
kM (habitat heterogeneity) JRE{EAPIN SRR - WA A BRI A RE - [F]— i
FEEFEEL - 1 SEEESRCAVEM - BRI AR EFE R (De
Leo et al., 2014) -

IR AHHFE T WIS Y Y A RS A R RS - HORER ARV EE
AR EF LRI NES > BRI AT (Liaoetal,, 2017) LEEH& IR - PiRRGHIAY) %
BRMEIRR SR R ERIE - BT IRA BIH EAN RS AT - ABHFEEE Ry - a7 Bim)iiE
Vi A ERRE Bt e ~ EERED A I WE MR B R - A REE I S I1E
BB R E S E R ERE N A YIRERAYE(L o DUATHIEAR s Rl » EORBHAEERE
Pkt s - e RSl BT S E SRR (Hale etal,, 2012) tEELIFRHIRERY)FE
Vg A - BIERS ORI R AV IBER A ~ P IR Bt Ry 2R - k(&
V)& A BRI B By ARV ENES -

[EIRF » BEZAE = B LB AY AR W) R B 25 AR MR R RS - (B AR SE Rm Rk e A

BT IR Ry SN A R S B 2 R R NGRS - AR R BHSTEUT - A RERE FIMRAYERIE (Wei et
al., 2012; De Leoetal., 2010) ZRBESCRLRATAREREIFIEY) - (EHAYREBZ R AMES
AREERM - L BEHG = S HAAE B A B BIRIS: o S Rk fr s ny = ek e 28
I fE ~ W& (suspended sediment load) ZKiEHYiZiAT (Liu et al., 2016) - & A MEE R
BEF)EY) - EPAHY R BRI ERE A AR BV - (ERERE B )RS BLIA YAy IE
R SR A R R R - B = S hRa R AT 3000 A&
RO+ w] RARTHSE AT am iy S R Ty RPR T il - (B E MR S RRa A Y R
FEA RS HIREES - [FNF - S hrka HIPBaE (sinuous) ~ A [E 1 B GEIRFR B 7= SRR

:—ﬂ‘
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BEFFZEERIE (gullies) ~ REREHZ T - BHE S (geodiversity) i &= HYER 5
(Chiang etal., 2021) - BE R EVHR BERR S ARAVIENT, - & EAlER 2L BRI ADTSE - BEZRBRPEEL 2
IR PR E Bt R NIRRT - (BTSN N e E & R aE
BRI T R AR ) T B S B MR GRS -

£k 9000 {ERIE T bR T & BRESh » T HAL B A B RSN S RE B
IR - EEINFEEL /R Monterey Canyon (Xu et al., 2004) ~ Hueneme Canyon 1 Mugu
Canyon (Xu etal., 2010) FIEMAERERIF A AR BE7 (Congo Canyon) & & B i A ATR
B BRI AE E A Y BRI HE ) - LR SR Y B RS AE RS R IR - SR BRI R o A 160
/N > SRIEFEE RSB (Azpiroz-Zabalaetal., 2017) - SGEFAERFEANIAZR T G E
% B BRIEIR RN IR Y - ERERE DRI FeaE SR T & 0T - ERE e SRR AL AR
ZAT B R S L B E

vy ~ R PR BRI TR
AT G R G TR A SR H R R S B AR VIR R A - A A A B A A

TIRE B HIRERG IR AT T LR T 3  ZR1M > _E IR 28 17 {2 E S ey B 1 s ey o — (il ) » Harris
(2014) i TEEE) (T > Ho TEUOVEES) ) (pressdisturbance) By HAHYEH
R (PIARHERIFHESCREEAER ) o " AREIEES) ) (pulse disturbance) Al Rk H]
ZEREEIEE) (BIALEVEESR ) o BEWRSEH RS ies SRR M SR BRI B E)) (De
Leo etal, 2010) - ZA[Zes& M S(f  (AIHHRE - HeEl) 5(SEAVHRENMEES) - AIEHHBIRE (slope
failure) ~ Z+EEH155 (slumps) ~ =& (debris flows) ~ &7 (turbidity current) SERIIEEN A58 -
Fr T VEEVEREN LAY > Hiddiri L (bottom trawling) ~ SRAGRPRSE ~ MBI ~ (LE5A5E
F N RSB G A AV R E A B, (anthropogenic threats) - DISEAEHH & R Bl - #%
B > BEEAERTSEEE - 2EEERA DS TR0 A RS
B (Martin et al.,, 2014) - tHREFE2ABEYIHIE R - BIEREEE (Norse et al., 2012) » €
LRSI EE S ZHE N RS 8 - i AR SERESREE B I R ATithIsiEs
Bt - SRR B A S - NIR N RS Eh Bl 5 A B AL Ao IR - (s
HAETERL R B REHS BN R - R R AR AR e RIIR 2 — -
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[EIR - Abtsisr st TR g BRIy = B e B MR eI B RS - AT
ZETERE EZT R A2RS » 4 E( L ADCP (Acoustic Doppler Current Profiler; EESES [ &7 ]
) EHRHEIE » BRSO ~ PR R TR REE (particle backscatter) SEEE
RGN EEME R ENRE - R HIERESINEI G Y - HEAERT A REREE
FAERIAIE B - NI ARERGY - AWTZEIRE 2% Chiouetal. (2011) AL AYE R E
PR - (H ARG AR R sy - R AE AT - [EIR - AbH5E
GESIEM Huang et al. (2018) 21 De Leo et al. (2014) E(LHIEAIREAT VA > FIH GIS Z41
STEAEVIGAEIEVE B RBERER - @t = UG E R 2 - (Bl KRGS &R
RS » SRAEEIEE A > NILEAMERL T AN ) (FAEFE(ET - BARYE
BAEYEE SR Atk B FHBERE 2T e - HARRIERURE N ERC M
B4 (EERERIUGER S BRSSO A I5EE -

BRI - E R KR EYZRE M LN B SR TR SR M H A A4S SR A R 4R
FRAYER TIS A RE - BR T BB AT BRI FEESN - BRI RR T R MBS SR |
"R AR AR R BogoE A R —4H R R BEITRYEDRE (B0 ¢ B eRiEea A ER E] E
FERRERFIEEHED - BRE—HBNA T A RES(AER (AEkERE) AR5 AH
B - AR Z 07208 - AR » MIRAE S 2R ERAEE &R - FHEHCHE
s B AT AT T -

SEVIO S - AR e S R R R 8 - KA EYIE Ry B YA
B o Bt —EREE BSR4 RRERS - ER A AL AR Y R R S A A ]
H i T G SR EF LR S A A My 5 20 S T R AR R S L AR Ry 2 8
Liao et al. (2017) BHZTNIHEENHY S RE S AV R IVEBL NV HEE)Y) - Donadi et al. (2015)
DUEYRE IR E L Ao IR S o & R B R A Y BRI B LU S FE - DIARTHIT Beffl > Ry
W ZERBERAEAEY) - AT EVDAHE - (FEELIMEER R e B RN 2B & AR IE =
R > EARKREEWAE LT AEERE T oM RKsEE AT S I15e % -
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A~ BRI ER BRI EE
AWTFEE R 2 B B 4aT U7 UE TR A I AU RR IR B Y £ R G A T IR IS

{ERREEN T HIRV A F H FEREEE A VIR & - [FI - ARPFest Bt sa R EhY&ie
BELTHT » BUAIZERTAL - ARG B R G A A AR REIHTT -

M IR R B AR R I B B N 1~ AL Sl > (EH A BRI R 28 E B (natural
laboratory) - E SR IHTCAER R FIET 2 LV B A FIRE B AN E - R FR
IRV - AR RS RIS T H B AR AT SR =AVRHE - Liu et al. (2009) &5
tH e BRI B B Ry M (S LR R T e R LRI ~ BB EhIRT(E ~ i i B A ek L SR I Y
HITEIRHT ¢ Liaoetal. (2017) 85 » = BRI LAY Ot AT A Ay st R R M R BT S v
ERISEHRARNERE - AWTFTE - ShRBa RS LAV RCR - (e R BEsR RS
HIEREEERE - B SR B A Y 2ARAY R (F I E Vi - 2] MR ssr B Ehil 2Ry A
WYIEE B Ry 2 VIR TE T - [EIRY - SR AR BRI 2L - Bl
RFMNBERETAYIECE ~ RSB YME EERE RN % - (EAMRER S 2 E
TR B BRI PR R LAY N R — R R B - W & R A U HoAth
IRA IR T - Sr e EHURTE > AWTFERE RS RIS IR B Ry L RGP AR E MR RN E
b2 7%

R FERR 1A BN IR BRI A B PR HY A RREERESL - L lE B RAE =i~ FR
BNTHARRRRE - IS R > mptieeEpge BR - NICEA B2 BiEg)

(AIREFER ~ RKFHR ~ #E ~ e EE) 28 > Sl 7 —BIZIS LAy EIIRE - &
BUTFEI S BRI AERREME - AN R R A R IR IR B T RIS » R DU
FUREHE N VIR R A R - IR A YRR AR S S R DB 7 AL AR RS ]
REE MR 2 2 7 WREEIR R N Ay B MU AR RER R G P At i B VR BLOR M 7 I e T AR
B RS T il R R AR R A H B -

AWIFEIRGE Ry > T BB P ER Y A FEER S 2 LA B A RE A S BRag B Tam » DA
BIRE-FHAEY (DEM) Rl (Ffskt) - DEM HesmdzE) (RIAWISG VY& ) Bk
RERE e Pl - VSR HREANE > MEFREEZEEYEEE > A5
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ISR E e RER > GHEEZERYI M WEEES RS YN E I REtb 'Y
BFE R > DU HEREHRE PSR nT s i R BIZ B SRR o -

LD > AWEEIRE AR (AR ~ ZEHE) fEREFEMBA T -
IREREE RV RIEAE (e B ~ Fe HEF ) IR R e R M Z ESHE 8
MPEAR S RS T AL o AU H AR ER T S BRI L A YR & TREHEA
[E VPR R IR B A SR IR L SRR E I Seae BRI, - AEWIRERES
TS AE PR S R SRR Y — EE B AEAT 7 [FJy - Al AT FE(Stratmann et al., 2020)#7RJEAEE)
VIR RN EERETREAVAE ) - RECEDRRYIHEL ~ RIBG BB TR EAES - R
TR AR AR R BRI - A EIRR R AT AE S AL TRRE i — D PR

AIFEERPEELAE AT 1 = Bl B e (B R 7 (B BR PRI S8R B A 2R
FTHESES B 25 {18 B REAR SIS B A [FEISSAY RS R4 & o i > TR AT A B 25 BRI A1 B
PSRRI Ao UG U TE e > B 2B B IR N T B A YRR AR R T St B
S (E(E -

— ~ BB R KRRV ERET B A M) oA > S S EIARVBIRE PEH A - AR
Ry —fERET - IREGEHS R EMANR L FEFRZEEBIEER ARG - 28NS
343 - VEARIZUREIHT SR IR T > BREE S e DI (R i BRE - RS Lt
P ERYIEE - WA P YRR ENR R L ENE

TR b b o SRR SR E IR S o AT BRI TR

T2 BRI A LB By B AR SR = AR HAWT e A BN A RRER SR A AR BREA A L -
RERE LR T M PR L N YR REAS TR AL -
= ERRE iRV > BRI R o RS BRI A TR A R -

IR S - DR RO IR - H % P ES L i
SHTEBIEA YL R AVITER AL o IR E SR D B A1)
TR FERERTANES - TP 20 -

25



2k ~ 2EREH

Aller, J. Y. (1997). Benthic community response to temporal and spatial gradients in physical
disturbance within a deep-sea western boundary region. Deep Sea Research Part I:
Oceanographic Research Papers, 44(1), 39-69. https://doi.org/10.1016/s0967-
0637(96)00092-1

Anderson M.J., Gorley R.N. & Clarke K.R. 2008. PERMANOVA+ for PRIMER:

Guide to Software and Statistical Methods. PRIMER-E: Plymouth, UK.

Azpiroz-Zabala, M., Cartigny, M. J. B., Talling, P. J., Parsons, D. R., Sumner, E. J., Clare, M. A.,
Simmons, S. M., Cooper, C., & Pope, E. L. (2017). Newly recognized turbidity current
structure can explain prolonged flushing of submarine canyons. Science Advances, 3(10),
e1700200. https://doi.org/10.1126/sciadv.1700200

Bentler, P. M. (1990). Comparative fit indexes in structural models. Psychological bulletin, 107(2),
238.

Bentler PM, Chou CP (1987) Practical issues in structural modeling. Socio Meth Res 16(1):78-117

Bosley, K. L., Lavelle, J. W., Brodeur, R. D., Wakefield, W. W., Emmett, R. L., Baker, E. T., et al.
(2004). Biological and physical processes in and around Astoria submarine Canyon, Oregon,
USA. J. Mar. Syst.50, 21-37. doi: 10.1016/j.jmarsys.2003.06.006

Chiang, C.-S., Hsiung, K.-H., Yu, H.-S., & Chen, S.-C. (2020). Three types of modern submarine
canyons on the tectonically active continental margin offshore southwestern Taiwan. Marine
Geophysical Research, 41(1). https://doi.org/10.1007/s11001-020-09403-z

Chiang, C.-S., & Yu, H.-S. (2021). Morphological Significance and Relation of Ecosystems of
Submarine Canyons off SW Taiwan. Journal of Marine Science and Engineering, 9(11),
1296. https://doi.org/10.3390/jmse9111296

Chiou, M.-D., Jan, S., Wang, J., Lien, R.-C., & Chien, H. (2011). Sources of baroclinic tidal energy
in the Gaoping Submarine Canyon off southwestern Taiwan. Journal of Geophysical
Research, 116(C12). https://doi.org/10.1029/2011jc007366

Danovaro, R. (Ed.). (2009). Methods for the Study of Deep-Sea Sediments, Their Functioning and
Biodiversity. https://doi.org/10.1201/9781439811382

De Leo, F. C., Smith, C. R., Rowden, A. A., Bowden, D. A., & Clark, M. R. (2010). Submarine
canyons: hotspots of benthic biomass and productivity in the deep sea. Proceedings of the
Royal Society B: Biological Sciences, 277(1695), 2783-2792.
https://doi.org/10.1098/rspb.2010.0462

De Leo, F. C., Vetter, E. W., Smith, C. R., Rowden, A. A., & McGranaghan, M. (2014). Spatial

scale-dependent habitat heterogeneity influences submarine canyon macrofaunal abundance

26



and diversity off the Main and Northwest Hawaiian Islands. Deep Sea Research Part I1:
Topical Studies in Oceanography, 104, 267-290. https://doi.org/10.1016/j.dsr2.2013.06.015

Donadi, S., Eriksson, B. K., Lettmann, K. A., Hodapp, D., Wolff, J.-O., & Hillebrand, H. (2015).
The body-size structure of macrobenthos changes predictably along gradients of
hydrodynamic stress and organic enrichment. Marine Biology, 162(3), 675-685.
https://doi.org/10.1007/s00227-015-2614-z

Fan, Y., Chen, J., Shirkey, G., John, R., Wu, S. R., Park, H., & Shao, C. (2016). Applications of
structural equation modeling (SEM) in ecological studies: an updated review. Ecological
Processes, 5(1). https://doi.org/10.1186/s13717-016-0063-3

Fernandez-Arcaya, U., Ramirez-Llodra, E., Aguzzi, J., Allcock, A. L., Davies, J. S., Dissanayake,
A., Harris, P., Howell, K., Huvenne, V. A. |., Macmillan-Lawler, M., Marti, J., Menot, L.,
Nizinski, M., Puig, P., Rowden, A. A., Sanchez, F., & Van den Beld, I. M. J. (2017).
Ecological Role of Submarine Canyons and Need for Canyon Conservation: A
Review. Frontiers in Marine Science, 4. https://doi.org/10.3389/fmars.2017.00005

Greenacre, M., & Primicerio, R. (2013). Multivariate Analysis of Ecological Data.
www.multivariatestatistics.org

Gunton, L. M., Gooday, A. J., Glover, A. G., & Bett, B. J. (2015). Macrofaunal abundance and
community composition at lower bathyal depths in different branches of the Whittard
Canyon and on the adjacent slope (3500 m; NE Atlantic). Deep Sea Research Part I:
Oceanographic Research Papers, 97, 29-39. https://doi.org/10.1016/j.dsr.2014.11.010

Hale, R. P., Nittrouer, C. A., Liu, J. T., Keil, R. G., & Ogston, A. S. (2012). Effects of a major
typhoon on sediment accumulation in Fangliao Submarine Canyon, SW Taiwan. Marine

Geology, 326-328, 116-130. https://doi.org/10.1016/j.marge0.2012.07.008
Harris, P., Macmillan-Lawler, M., Rupp, J., and Baker, E. (2014). Geomorphology of the
oceans. Mar. Geol. 352, 4-24. doi: 10.1016/j.marge0.2014.01.011

Harris, P. T. (2014). Shelf and deep-sea sedimentary environments and physical benthic disturbance
regimes: A review and synthesis. Marine Geology, 353, 169-184.
https://doi.org/10.1016/j.margeo.2014.03.023

Harris, P. T., & Whiteway, T. (2011). Global distribution of large submarine canyons: Geomorphic
differences between active and passive continental margins. Marine Geology, 285(1-4), 69—
86. https://doi.org/10.1016/j.margeo0.2011.05.008

Hastie, Trevor, et al. “4.3 Linear Discriminant Analysis.” The Elements of Statistical Learning:

Data Mining, Inference, and Prediction, Springer, New York, 2017, pp. 106-113.

27



Huang, Z., Schlacher, T., Nichol, S., Williams, A., Althaus, F., & Kloser, R. J. (2018). A conceptual
surrogacy framework to evaluate the habitat potential of submarine canyons. Progress in
Oceanography. https://doi.org/10.1016/J.POCEAN.2017.11.007

Hu LT, Bentler PM (1999) Cutoff criteria for fit indexes in covariance structure analysis:
conventional criteria versus new alternatives. Struct Equ Modeling 6(1):1-55

Huston, M. A. (2014). Disturbance, productivity, and species diversity: empiricism vs. logic in
ecological theory. Ecology, 95(9), 2382—-2396. https://doi.org/10.1890/13-1397.1

International Hydrographic Organization. (n.d.). GEBCO - The General Bathymetric Chart of the
Oceans 2021. GEBCO.

J. F. Lynch, S. R. Ramp, Ching-Sang Chiu, Tswen Yung Tang, Y. . -J. Yang and J. A. Simmen,
"Research highlights from the Asian Seas International Acoustics Experiment in the South
China Sea," in IEEE Journal of Oceanic Engineering, vol. 29, no. 4, pp. 1067-1074, Oct.
2004, doi: 10.1109/JOE.2005.843162.

Kline, R. B. (2015). Principles and practice of structural equation modeling. Guilford publications.

Lee, S.-A., Kim, T.-H., & Kim, G. (2020). Tracing terrestrial versus marine sources of dissolved
organic carbon in a coastal bay using stable carbon isotopes. Biogeosciences, 17(1), 135—
144. https://doi.org/10.5194/bg-17-135-2020

Legendre, P., & Anderson, M. J. (1999). DISTANCE-BASED REDUNDANCY ANALYSIS:
TESTING MULTISPECIES RESPONSES IN MULTIFACTORIAL ECOLOGICAL
EXPERIMENTS. Ecological Monographs, 69(1), 1-24. https://doi.org/10.1890/0012-
9615(1999)069[0001:dbratm]2.0.co;2

Liao, J.-X., Chen, G.-M., Chiou, M.-D., Jan, S., & Wei, C.-L. (2017). Internal tides affect benthic
community structure in an energetic submarine canyon off SW Taiwan. Deep Sea Research
Part I: Oceanographic Research Papers, 125, 147-160.
https://doi.org/10.1016/j.dsr.2017.05.014

Liu, J. T., Hung, J.-J,, Lin, H.-L., Huh, C.-A., Lee, C.-L., Hsu, R. T., Huang, Y.-W., & Chu, J. C.
(2009). From suspended particles to strata: The fate of terrestrial substances in the Gaoping
(Kaoping) submarine canyon. Journal of Marine Systems, 76(4), 417-432.
https://doi.org/10.1016/j.jmarsys.2008.01.010

Liu,J. T., Wang, Y. H., Lee, I-Huan., & Hsu, R. T. (2010). Quantifying tidal signatures of the
benthic nepheloid layer in Gaoping Submarine Canyon in Southern Taiwan. Marine
Geology, 271(1-2), 119-130. https://doi.org/10.1016/j.marge0.2010.01.016

Liu,J. T., Hsu, R. T., Hung, J.-J., Chang, Y.-P., Wang, Y.-H., Rendle-Biihring, R. H., Lee, C.-L.,
Huh, C.-A., & Yang, R. J. (2016). From the highest to the deepest: The Gaoping River—

28



Gaoping Submarine Canyon dispersal system. Earth-Science Reviews, 153, 274-300.
https://doi.org/10.1016/j.earscirev.2015.10.012

Martin, J., Puig, P., Palanques, A., and Giamportone, A. (2014). Commercial bottom trawling as a
driver of sediment dynamics and deep seascape evolution in the
Anthropocene. Anthropocene?7, 1-15. doi: 10.1016/j.ancene.2015.01.002

McClain, C. R., & Barry, J. P. (2010). Habitat heterogeneity, disturbance, and productivity work in
concert to regulate biodiversity in deep submarine canyons. Ecology, 91(4), 964-976.
https://doi.org/10.1890/09-0087.1

Metcalf, L., & Casey, W. (2016). Introduction to data analysis. Cybersecurity and Applied
Mathematics, 43-65. https://doi.org/10.1016/b978-0-12-804452-0.00004-x

Mclintosh A, R., Gonzalez-Lima F (1994) Structural equation modeling and its application to
network analysis in functional brain imaging. Hum Brain Mapp 2.

Mulaik SA, James LR, Van Alstine J, Bennett N, Lind S, Stilwell CD (1989) Evaluation of
goodness-of-fit indices for structural equation models. Psychol Bull 105(3):430-445

Norse, E. A., Brooke, S., Cheung, W. W. L., Clark, M. R., Ekeland, I., Froese, R., et al. (2012).
Sustainability of deep-sea fisheries. Mar. Policy 36, 307—320. doi:
10.1016/j.marpol.2011.06.008

Ricotta, C., & Podani, J. (2017). On some properties of the Bray-Curtis dissimilarity and their
ecological meaning. Ecological Complexity, 31, 201-205.
https://doi.org/10.1016/j.ecocom.2017.07.003

Robertson, C. M., Demopoulos, A. W. J., Bourque, J. R., Mienis, F., Duineveld, G. C. A., Lavaleye,
M. S. S., Koivisto, R. K. K., Brooke, S. D., Ross, S. W., Rhode, M., & Davies, A. J. (2020).
Submarine canyons influence macrofaunal diversity and density patterns in the deep-sea
benthos. Deep Sea Research Part I: Oceanographic Research Papers, 159, 103249.
https://doi.org/10.1016/j.dsr.2020.103249

Snelgrove, P. V. R. (1998). The biodiversity of macrofaunal organisms in marine
sediments. Biodiversity and Conservation, 7(9), 1123-1132.
https://doi.org/10.1023/a:1008867313340

Stratmann, T., van Oevelen, D., Martinez Arbizu, P., Wei, C.-L., Liao, J.-X., Cusson, M., Scrosati,
R. A., Archambault, P., Snelgrove, P. V. R., Ramey-Balci, P. A., Burd, B. J., Kenchington,
E., Gilkinson, K., Belley, R., & Soetaert, K. (2020). The BenBioDen database, a global
database for meio-, macro- and megabenthic biomass and densities. Scientific Data, 7(1),
206. https://doi.org/10.1038/s41597-020-0551-2

Suhr, Diana. (2006). The Basics of Structural Equation Modeling.

29



Wang, Y. H., Lee, I. H., & Liu, J. T. (2008). Observation of internal tidal currents in the Kaoping
Canyon off southwestern Taiwan. Estuarine, Coastal and Shelf Science, 80(1), 153-160.
https://doi.org/10.1016/j.ecss.2008.07.016

Wei, C.-L., Rowe, G. T., Escobar-Briones, E., Boetius, A., Soltwedel, T., Caley, M. J., Soliman, Y.,
Huettmann, F., Qu, F., Yu, Z., Pitcher, C. R., Haedrich, R. L., Wicksten, M. K., Rex, M. A,
Baguley, J. G., Sharma, J., Danovaro, R., MacDonald, I. R., Nunnally, C. C., & Deming, J.
W. (2010). Global Patterns and Predictions of Seafloor Biomass Using Random
Forests. PLoS ONE, 5(12), €15323. https://doi.org/10.1371/journal.pone.0015323

Wei, C.-L., Rowe, G. T., Escobar-Briones, E., Nunnally, C., Soliman, Y., & Ellis, N. (2012).
Standing stocks and body size of deep-sea macrofauna: Predicting the baseline of 2010
Deepwater Horizon oil spill in the northern Gulf of Mexico. Deep Sea Research Part I:
Oceanographic Research Papers, 69, 82—99. https://doi.org/10.1016/j.dsr.2012.07.008

Xu, J. P., Noble, M. A., & Rosenfeld, L. K. (2004). In-situ measurements of velocity structure

within turbidity currents. Geophysical Research Letters, 31(9), n/a-n/a.
https://doi.org/10.1029/200491019718

Xu, J. P. Peter W. Swarzenski, Marlene Noble, An-Chun Li,Event-driven sediment flux in
Hueneme and Mugu submarine canyons, southern California, Marine Geology, Volume
269, Issues 1-2,2010,Pages 74-88,ISSN 0025-
3227 ,https://doi.org/10.1016/j.margeo.2009.12.007.

30


https://doi.org/10.1016/j.dsr.2012.07.008

1l ~ BiFsR

fifgs— ~ PRERSCRREDHIEE AR
T~ PRECERMIBEERE » RIPHTRASE NOR3_0068 Fo Ao tiiighrts - Herfiik (OR1_1126 -
OR1_1102) Al FEATEREE R - HIuh A e — -

32 BRI fix MBS PREKZE (m) HEA
= 5E PR NOR3_0068 GC2A 220 2021-10-17
OR1_1126 GC1 318 2015-11-20
GC2 487 2015-11-20
GC3 655 2015-11-21
GC4 1065 2015-11-21
OR1_1102 GC1 323 2015-04-06
GC2 482 2015-04-06
GC3 653 2015-04-06
GC4 1065 2015-04-06
ik=s e 7 OR1_1190 FC1 379 2018-03-30
FC2 664 2018-03-30
FC2A 682 2018-03-31
FC3 835 2018-04-01
FC4 962 2018-03-29
FC5 1106 2018-03-28
=5 Rz OR1_1126 GS1 277 2015-11-19
GS2 463 2015-11-19
GS3 690 2015-11-20
GS4 848 2015-11-21
OR1_1102 GS1 279 2015-04-06
GS2 464 2015-04-06

GS3 682 2015-04-06

31



fifgk — ~ RRMRERIER &k
7 FSEEEEAGER » (R3ERA (Clay %) - B30 (Silt;%) « YA (Sand;9%) « HHERE R (TOC; %) - fi
it (CN) ~ B (Salinity; psu) %5 (Oxygen; mg/L) ~ SE (Temp; °C) BLAEWE (Trans; %) -

Station  Depth (m) Clay (%)  Silt (%) Sand (%) CN TOC (%)  Trans (%) Oxygen (mg/L) Temp (°C)  Salinity (psu)

GC1_1126 318 20.95 73.37 5.68 5.70 0.42 237 4.4 12.3 34.50
GC1_1102 323 10.00 45.60 44.40 5.50 0.27 21.6 4.6 14.5 34.50
GC2_1126 487 19.50 67.54 12.97 5.46 0.41 40.1 3.4 73 34.44
GC2_1102 482 1.10 6.40 92.40 4.60 0.24 32.6 3.6 8.6 34.40
GC3_1126 655 21.52 69.78 8.70 5.25 0.42 60.4 35 75 34.44
GC3_1102 653 12.70 53.80 35.30 6.20 0.38 43.3 35 7.8 34.40
GC4_1126 1065 24.15 75.30 0.55 5.59 0.52 51.7 3.2 4.0 3454
GC4_1102 1065 21.70 76.40 1.80 6.10 0.56 66.8 3.2 4.3 34.50
FC1_1190 379 18.40 77.60 4.00 5.16 0.46 85.7 45 13.7 3451
FC2_1190 664 23.60 73.90 2.50 5.29 0.58 79.5 3.4 6.7 34.45
FC3_1190 835 24.20 74.90 0.90 5.61 0.62 84.6 3.2 5.6 34.47
FC4_1190 962 15.50 70.90 13.60 5.23 0.51 88.6 3.2 4.7 34.50
FC5_1190 1106 20.80 76.40 2.80 6.07 0.82 89.5 3.3 35 34.56
GS1 1102 279 15.40 77.50 7.10 5.80 0.57 87.9 5.0 14.2 3450
GS2_1102 464 20.70 77.40 1.90 5.90 0.66 86.7 3.8 95 34.40
GS3_1102 682 22.30 75.10 2.60 5.70 0.60 89.2 3.3 7.2 34.40
GS1_1126 277 14.70 77.00 8.30 6.10 0.57 83.6 5.0 13.9 34.50
GS2_1126 463 21.30 76.70 2.00 5.90 0.67 84.8 3.8 9.0 34.40
GS3 1126 690 23.90 75.10 1.00 5.50 0.65 87.1 3.3 6.4 34.40
GS4_1126 848 26.00 73.20 0.80 6.30 0.78 86.6 3.2 55 34.50

fifg= ~ FBERTERT T (ZEFR)

, . - Site
® . ®
TOC GC
Oxy§aP
" Trans ® G

Silt

Depth (m)
8 Clay
o 200

400

Sand 600

[ ]
Sal .
800
_1 -
PC1

[+ /\ ~ B R RO o ATE ot (ERSr 1 PCL) Sifedh (Fpisr 27 PC2) &R 9 EERIA TR
G - IKEAR B R S BN T HVRHER & > Pl L Avisse RIEFORA sz AvibtE - BB IA T R4G £ (Clay,
%) ~ b (Silt; %) ~ IV (Sand; %) ~ FihEE (TOC; %) ~ biEEL (CN) ~ B (Sal; psu) ~ 5% E (Oxygen;
mg/L) ~ JRSE (Temp; °C) BELESEE (Trans; %) » BREEA/IMURERESREE - DIALEARI R ~ SUAdHRE
R ~ BB - RIERRHIEATE - RISERRE RIS EIR 2 R (FafrA RN THER) K-

1000

32



fifgkEy ~ BFEA Y= R PERMANOVA B MiRE (ZBERE)
T WIRG G S IR N T 1T PERMANOVA fig - = F-statistic (A7 KR p {HAZ/]N > p<0.05 {X
RHIEFA T - HiEE (site) 2 p=0.034<0.05 » R = Ff Al s Wy etk SR8 P AE4RLa T A2 BRI

(significance) -

Source BRI FESZ SR SS | H95F1 MS R2 F-statistic P
G (depth) 23.810 7.9366 0.45071 1.76763 0.137
G (site) 12.852 12.852 0.24327 2.86230 0.034

R~ SFHRE ~ IR BRI A A HIE A V)% i) PERMANOVA BEEtaiE - & F-statistic
ERTARAT p ERI/N > p<0.05 (UREAE 2 - #iES (site) ZAR7E p=0.026<0.05 BR =ik 2 FVH AT AE
HeatEE EHVETETE - BB (habitat) ZARJE p=0.008 BURBHIER A A RTEE A RV LY #E -

Source BEIE 7SR SS | $5F0 MS R? F-statistic P
%% (habitat) 0.56587 0.56587 0.27960 20.0980 0.00854
ZEFE (depth) 0.59917 0.19972 0.29606 7.0936 0.05453

HiBE (site) 0.33430 0.33430 0.16518 11.8733 0.02609

R $HEEFREA B BRI B AEPIH I HET T PERMANOVA BEEMERRTE - =+ F-statistic {EAURA] p (H
AN > p<0.05 AFRBEE S - #hEE (site) ZhwiE p=0.01<0.05 BUrE RA R 2 VAR AR E AR -

Source IS FESE SR SS | H9 5801 MS R2 F-statistic P
e (depth) 0.38674 0.38674 0.23836 4.1043 0.01461
L (site) 0.41382 0.41382 0.25505 4.3917 0.01061

33




MffskT ~ BEREAYERRITRDIM (dbRDA) (£ERE)

sie

8 black

[
6

Size

a?

= - < .
=8 = Site
=] 2 2
< = =18
ég__ EE fE ‘I’ F(:
5 =78
=1 =1
g. - 8¢
2 2\ = GC
= £
£
(&)

Depth (m)

Alpacophora  Nematoda

200

400

4

2
Scaapoda '
e

600

Gastropoda

Asteroidea

1000

Sipuncula

cvadap

[+~ WS AR B AR SEE R ] - el dORDAL FREEGE A VIH R B8 1Y 73.8% > dbRDA2
Al Fy 21.4% > BRIBIA/NMURAEE » SLERATFBE - 36 RS RS o IREFTIR R S AV BEE 2 R EUR

8 HR B R Ao sy SRR B T Bl =R -

Site

Salinity
0.4
CN . FC

GC

Oxy Sar' St 1oc
A Depth (m)
y

Temp
0.0 lay

200

400

dbRDA2

600

([ ]

Trans

0.4+
1000

—0.4 0.0 04
dbRDA1

[~ Rl A IR BRI A BRI (] - AR L o B IMRURRE - LRS- k&
FoE BRI © IREOFTHH RS EREAN T Z R E - AR REHEZ N T H WIS YRR = RAVER
FEOLE (Trans) ElEHREE (TOC) Ryl dbRDAL HRRE S HVEREEIA T > [N dbRDA 52k | ARV & A

BAVER BUE B A R & B B A VIR R R R -

34



WFgE7 ~ AUABAZEZ A S A REAIR

——— Slope

—— Western
—— Central
—— Eastern

Vertical
scale
500m

o
I
o 4
-
N
-
=

Horizontal scale (km)

B —-+— > Guntonetal. (2015) #&%. 7 [5Es  [B - ~ De Leo et al.(2014) A EEE EFEINE L5
e %+ (Whittard Canyon) 88 Ef ~ HroBilpEE s ~7  (Moloka’i Island)) ARk 7 4 84 > S il < el Fy7K
JE BRI - Slope Fy BB RN 2 BH0EH - 28 (m) > Feih Ry e 4als <~ FEEE (dec. degree) -

Mgt ~ BHREEETERY (Dynamic Equilibrium Model; DEM)

i B == - BYAE TR (Huston, 2014) - 4 LITE
URARFE T gHEEYIETHES | (mortality-
causing disturbance) - fHl A Ry 427 T - AWFEHLL
Fi¥hiaE (levels of organic input) #7& o FEEIEETS
IR I A E I AC B R R I B — s R
FERAEENY F RN » W - SXRER A

MR A -

Mortality rate

Low

Low High
Productivity

35



At 24T 3 B s s R F RS W

KR REA TS PEBEREREA 3P RR

RCABRAT R AP0 G AT LR o AT
¥



	180003-封面
	180003-封面

	180003-作者簡介
	180003-本文
	摘要
	Abstract
	壹、前言
	貳、研究器材及設備
	參、研究過程與方法
	肆、研究結果
	伍、討論
	陸、結論
	柒、參考文獻資料
	捌、附錄

	180003-評語
	180003-評語


