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Abstract

When people use the ocean, they also cause a serious impact on the marine environment.
How to promote the sustainable use of marine ecosystems is a very important and urgent issue
in biological conservation. In this project, the emerging technologies concomitant with
integrated approaches in marine research, such as environmental DNA (eDNA) / next-
generation sequencing of meta-barcoding analysis, intelligent monitoring systems, artificial
intelligence, and automatic image/sound recognition, etc., were used to conduct works on
monitoring for guidance on marine conservation and restoration. Those are necessary steps in
today’s world in which the resilience of the ecosystems needs to be considered after being
impacted or disturbed. In the near future (from 2021 to 2024), we expect to investigate the
nearshore waters (coastal environments, e.g., 0-3 nautical miles from the shore) of Taiwan,
including most of the representatives of the important marine ecosystems and protected areas
around the country. Later, we further planned to expand the survey areas to the offshore (12
nautical mile marine off the coast or “ocean friendly area”) and to eventually and possibly
include the deep-sea environments. We are looking at defining standardized survey methods
that set a baseline for future work on long-term ecological and environmental surveys. The
present research work includes (1) ship-based investigations of Taiwan's surrounding marine
ecosystems; (2) diving-based surveys on Taiwan's marine ecosystems and marine protected
areas (mainly coral reef areas); (3) establishment and implementation of automatic monitoring
system; (4) establishment of a database of important marine ecosystems and marine protected
areas in Taiwanese waters from the present and past (historical) data. At the later stage of this
research, the identification of ecological hotspots and the accurate evaluation of the ecosystem
services may serve for better conservation of the natural heritage in Taiwan. Eventually, we
hope that the obtained data and analytical results from our research can be used as an important
reference for future work of the OCA or other organizations as well as for the purposes of
conservation, rehabilitation, and environmental education in Taiwan.

During the course of this project, we completed 41 main plus 24 additional ship-based
investigations on nearshore waters surrounding Taiwan. According to hydrological survey data,
the waters surrounding Taiwan can be roughly divided into three regions: North, East, and West,
with the most obvious in spring season. Marine >308um microplastics/artificial materials have
the largest number in the West in spring, followed by the North; in summer, the numbers of
microplastics/artificial materials are higher in the northwest and northeast regions. The state of

microplastics/artificial materials is almost all cellulous. Plankton showed higher biodiversity in



the East region both in spring and summer, while larvae showed higher biodiversity in the
northeast and Penghu regions in two seasons and existed low differences among sampling sites.
Throughout the year, the fish e-DNA survey has detected the sequences of 570 marine fish
species in 141 families, as well as the sequences of 12 marine mammals in 3 families. The
results of fish diversity analysis show that there are spatial and temporal differences in the
presentation of diversity. According to the analysis of the results of the seabed debris collected
from the western surveyed stations during the two cruises, an average of 240 debris were
collected per square kilometer in May, and an average of 186 debris were collected per square
kilometer in September. Plastics accounted for about 99% of the total quantity. The total density
of marine debris collected from the two cruises has no significant relationship with the total
biomass or diversity, and the distribution hot spots are not the same.

For the diving-based survey part, a total of 53 sites located in the three major coral reef
areas of Taiwan (Penghu, Northern Taiwan and Eastern Taiwan) have investigated this year.
The results pointed out that most of the coral reefs in South Penghu Marine National Park and
the Pengjia Island and Cotton Island are in relatively good conditions. The reef sediment
communities of North Penghu, South Penghu, and Northern Taiwan had significantly higher
density and biomass than the non-reef sediment in Taoyuan, indicating that the coral reefs may
promote the standing stock of sediment organisms. Fish e-DNA analysis in the coral reef waters
in Taiwan has so far detected 111 families of 588 marine fish species sequences, as well as 2
families and 2 species of marine mammal sequences; the species diversity of individual sites
seems consistent with the coral reef ecological survey results. That is, the number of fish species
detected from the sites with a good environmental condition and/or high protection intensity is
relatively high.

The analysis using the data collected by the acoustic loggers positioned at the sea floors
of the following sites: Keelung Chaojing Park and Guanxin Algal Reefs showed that both sites
can detect fish choruses and the sounds produced by crustacean during the nights. However,
the acoustic characteristics of fish choruses for these two areas were obviously different, mainly
due to the local structure of fish communities.

With regard to the compilation of historical data from existing ecological surveys, the
project has compiled a total of 77 historical reports on marine protected areas so far. This year’s
ecosystem service evaluation took the Chaojing Resource Conservation Area in Wanghai Lane,
Keelung, which is a completely prohibited fishing area, as an example. The evaluation was first
made in terms of natural leisure and tourism value. From the perspective of vision value, the

Chaojing Conservation Area and its northern park have the highest value whereas the
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neighborhood of Changtanli fishing harbor and area between the harbor and fishing port of
Wanghaixiang have the lowest value. When conducting a willingness-to-pay online
questionnaire as a reference for evaluation, in terms of the current environmental conditions,
more than 90% of the respondents are willing to pay the entrance fee/restoration fee because
"the marine resources need more funds to maintain". The willingness to pay will increase when

the environment changes better than the current situation.
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Analyzer) ;£ A4 (Gong 1992) » &% B B $1 5 & B 4 %] 24 cadmium, ascorbic acid/oxalate
% ascorbic acid 3B J& tb &, 48] & & & (Parsons et al. 1984) » H & 4 &% B3 6448 RI4R R 4 0.01
LM > e B B e {ARIAR R A & 0.03 1 M 5 2R R U RIE Rk AT - HALR REE 2
PR GGG BT SRR KB B P A AR A ERARE T B > B ® 456nm &
TR ARRMANEETE01% » FaEERITTE 0.5% 5 3 sk Fo o 47 45 IE 4R 959% A B
(acetone) #EF IR [ Ak H 4T R FAEER 24 B FEERZ E 4 KR E L fluorometer
(Turner ; 10-AU-005) ;8] & (Strickland and Parsons 1972) -

(=) &3, %% DNA (eDNA)

% R AR R 500 K > BARRIsE kK B Bl B ERAK (5 KRE) C RA(BEK S
K C BEFBRE  BRAELFBREZ T REE ;&R KRN 125 K & 500 K
BEREHRAKZR A B E K > FEEBRARRRIEK (BE 5 k) 5 ZRBEAR IR
125 3% » B3R AKREAK (BEE 258 ) MBK o BREA 10 A 5 458 0.45um J5 B8
JEACE TR DNA AR #-20°C KA - MREE RIEH A E £ KB GER A2 A
FAMERET > UAHBREEREREFHN > HRARSEDHEHF KX (meta-
barcoding) . & 5% o M8 % ik £ B2 A A 33 DNA (Kelly et al. 2014) B4y - T &
ERAERATEREMAR ANZRGY w0 QBARBEY - HBHABIME
)R R a0 & BIRIEA 6 128 3| FRKREH - B AR 4 DNA A k#6947 77 K
HEFRIFE P ko B AT L) BB AR M R EATILY (@b AT 44 Miya et
al. 2015 ) » WUiFho MUY 8 SR 5 M o B SR AR ER LM ARIERY Y
W, pBEASBEAR EAE (EBEEL) REFEREE ( BERE ) BT -
WA FAME S RETHAE » TUUIRLER > EREBELAD S RN T
HEAEE

%48 eDNA 89 BUF 8 48 Miya et al. (2016) PraZss 2 5 5% - AT A B AR R KB4 A
Z AR FRF M BRBLERIMNETF=+ran L ERGEAERNEE
AR T kiR 5 AFteyAB 4K (milli Q water) F AR AT » MEZETR T THENR
SUF % - iBIE 4 B9 E 45 A DNA 3 B £ 48 (DNeasy Blood and Tissue Kit, Qiagen, Hilden,
Germany) # ¥ DNA - ¥Ej§/369 eDNA B4 12S 3| F#i#47 PCR %38 - Jé Bt 44 i
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12SIRNA BB R #% - B — @t A £ TE E AR PCR #EY - £ B % R E WL £ b1
RA% - BEBRILEE RE A YRR o 4T Hlumina R K EF-

REREFAANAREEFTHRERE PCR)y M A B oy h &K & HWiER
GeneHlowGel/PCR #Ab 3% ] & 44t (Gene aid) » & 73 R4 89 5 9] 38 W 2 3T H R 4%
% K -F4 Illumina 2 % & # 3 F (overhang adapters) » B yb =T LA 4 0k 5 ) #8375 7]
(overhang adapters) » 24 Illumina 2 4% % Nextera XT Index X #| & » %] A P9 4-4% %% barcodes
#1 [llumina & A #: 38 /- 5] (P5, P7) &9 B R 5] 73§ Lt sbibi@4% o4 & 4h & — % 2L PCR R J&E
K > BH A AMPure XP &2k 44L& 4 630bp A\ 89 X & (library) - 3% » £ f Agilent
bioanalyzer 2100 8] & 4358 X & 2 K/ B A% A % K € & 7% (Qubit) Al 2 AR XERE -
BARMXBERESL B AMARGT A LMBETFINEFSEA L AR
[lumina R #4X, € 5 (MiSeq) 48 X T &-lifF4# 45 R J& (bridge amplification) #§ 4k A& 3%
DR & ARBIGIAIE - T8 T RERENE AR CHRAE FR R ABEER
PRI AIR IS - B ER BT R AR TBREMAR > BT RERR S BN E T
(#3352 FEAZ2%150bp ) » #% » 4% [llumina R 4K & 5% 188 5] 2 B & 12STRNA 5
%] %4 A trimmomatic (Bolger, Lohse, & Usadel, 2014) #4755 % 6% - KEHE - Fh
adapters A B 5 R 3 H i A ek F M A 1% 0 £ 1% £ MiFish Pipeline
(http://mitofish.aori.u-tokyo.ac jp/mifish) 24 » 34§ 547 ¥ h#E45 k 15 < & & (HIGH) »
+ (MODERATE) & 1& (LOW) &y #a%f 5 shif @ ah ik 55 th % KA B Atk R 4 45 -

BRI AEPBO AR - A3 E A INER O T A2 AR AR EAT 12SIRNA R &
R WMAFEFI BB RS EMER - 55 o4 584 ¢ (1) £ 8 MiFish-U-F fv
H1478 (Kocher et al. 1989) 3] F 4t # 4k A 2 B 4% 12SrRNA F 7| #%3% » #4T Sanger % 7% &
TR 5 (2) #FEAF 128 53] 81 e-DNA 1R8] /- 7] Bk 7] tb ¥t (Aligning) - 8 5] R AaR 2 E
H4E RIS (WA 7I4E £ 448 3%ATF ) 6957 ; (3) % —4k2 e-DNA ¥
8RBy - 5 81 %% 5 5o A BT 30 3% e-DNA ER1UF 712k B W3 4% 59| 2 4
3T H) AR IR TS A

(Z) BHMEB

H8 e 48 eDNA FEE R RIRRRE KB - o R MG &35 B4 R FlR KBS &
20 AFE BRI BT REEFEEBRB PR EB T ZE > ERAKETH
M EEBBEREEHFRRERNE LR o mENRWER T RN - KIEHKER
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SLEpAEAS b iEAT@IEAE ¥ - BAEEAKARR A A AR 47 mm > 498 308um v 25um 4
JBIRMEAT R BIE - BARY 1 AFHeIEBRK - LA A /E 47mm » 48 B 3um 4% AHE (PTFE)
JE S BAT IR 7R IR KA 4R T AR B L AR AR ARAFR-20°C AR
U EZRBRIEATH > HRRBZRE > A EHEDEE D oA @B 308um 2tk Kk >
FREMERABZEAEASHARE -  EREFAET T 2R T A5 - FIERS L -
20°C Ak > £ FE T EHD I O5%BEHEBI L3R » AMABBEMETRE LM BT
BB BEBRE A A EE  TRE RSB ASBREFESE MY
#h 4 41 9 4% 3% 4% ( Fourier transform infrared spectrometer » 4% % FTIR ) » 3t 8 4K
E oy BB BB AN AT R M BB E TR TR E %R
BBk Nk 6 T Re Mt o

\\\
Fﬁ
Fm

(m) & %48
B FERE LR QTR MM E TR - FHE A 330um-mesh, 135cm
ring net, 1m/s 49364838 B » KR 200 5K 42 E4HHE E &K (5 KED# 200 K - B T

ERR 20 R ) o REERARERN S%REK  REMBRATDTRE - SM AT
W8 A 24 Folsom splitter 2-%] £ 4 2000 84183 » 3 LUEW% $ 4478 %2 (ZooScan)
# #2000 o128 3847 A B 4% - AIA A2 X3EF R A& Python 4 A deep convolution neural
network f#x Al 14 B &9k > LR 505448 (A REhrctast )  emEEAHE

BT AR . B - (BB AU AR o

¥ # & 24 500um-mesh, 135cm ring net, 1m/s &) 3 49 i% PERIR 200 K42 E4HHE R
Fok (EARDH 200 K - BITFAEHE 20 K ) » KA AR 300pm-mesh, 200mm
i 4R AR PR AT 0-20°C 1o IRUR o AT A BRI ES ST 05 B M ARAR BB AR B o AR R R
40 Bk AR A A SUB B AT - AR T A 20
S L 42 B 2 BAEA R BN EHAT PR 2 SR TR - b E R AL (1988) 2 B
A EM EEE -

(Z) BREEEA/ERRAE

110 5 2 JRAZE) 0 B IR HLBCGR B 48 AATEUR B ¥ & B & K& R AT AKX =3k mt
KA 2 @R (Otter Trawl ) 3475 A 29 A&KF —RAL > FREH LRI EIT
—REEEE - LWIREEEE B 20 2K 0 AKKZREEILESA 8 AR - HEEFAR
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1~2 IR/ AR ERRRIA | N o A IR AT A HERE B RN
MR E o TiBH eI 5 L 1000 &£ ~ 500 £ & 0.5 LK 4B Ahz
ATy 28 - AR RS (ERRENESE ) UAERS FAMES
RER O ENE > BREER SHRME (A Lee et al. 2019) - =K
RIBEHE T RAGHEBEEY > FPRBFBENZIRTNN S ZRE 25 2K A
FEBREMAN 25 TR E 1000 £k - BARBRT IR EE

B EMBAREARINLRE S A ETIRE - AN ARTRZEEHHH -
A yesk L EE HEAETE BEVINBRBRLHEBLSRTE  c NTREMRR
%o BBEMHNE AL EEAREIN LI RIBE > BTRGAGHRES THR
WA EFOME mEFLREAR BLBEMREAE > BENETRERRR
BRRYE REEALEE (HBE=02R1) -

BEMTBRXARESEF ERBR R EFERALLE (Lippiatt et al.,2013) » 45 £ 1K
MEGSAHTREA3FE@E © (1) BBE (wBBER  RYLE SRR - L1
FMmEBRE BRI KK - BHEHORBR BBR - BHET  FR R
Feafesg c WA RE RE AR HEELRAM) 5 (2) 2BHE (wis/éh
o CEEH - 2 BAR R ) 5 (3) BB (AR M BHEBRR AL )
(4)BBHE (wAFH T2 % BBHRAREWE) 5 (5) kM8 (wss
HIREIR R BEMBAREE ) 5 (6) M (RUEF RAFE LD
WL~ A ) 5 (DHEACHE - ZBEN EH THRI T - I 0ek - A A LN
RIBHRE - MABTHBAENBRRENLET S » U BTHE IR -
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8 BREMAARIENAE - () RABZEEARMSBEELM - (b) BEM»HRE
AEE o (C) BHEBENLRETEAEREET ML - (D) RSB BEEYD (kAT ) -
() HEMmEmpEEh s ARALY  ERARED - ODEBEE HTEFTARSE
AAMMAE > 4ot ko (@) FHSHRATALNUER » DT BEEMEBIER - (h)
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(%) B R
BRSO EM SRR MBEAR TN TREVMIHREERTREEE
Bz A H Y E R FERMGAEN S RN ENSRA

D = (ZiilPi")ﬁ » q #% % Hill number - % ¢ =0 D ¥ 4 & 5% # # # B (species
richness) ; % ¢ =1, "D &~ ¥ A ¢y Shannon % Hlt » sbI548 T2 B # ) A S5 3
# ;% q=2 "DRl% Simpson %tk - BIESHENEE o R SHMISARA RE L
REE > FREEL FIFLB oM (Chao et al. 2014) - HH > AMSHMFETHF IR
%% 71 Z(samplingeffort) » A% EM& > SHRMEAARARES - FEREE AT XA
= = (1) 4R35 48 BB B2 47 B8 #4AZ 2 1k (by rarefaction) 5 (2) KI5 B 2 345 7 ARE %
#% %4t (by sampling coverage) (Hsieh et al. 2016) = #k A F #4818 BT RHAR /L - F AEM
b e

A ERIBESCBE R FRUBSHEBEAREEZ 5% 04 (wE 9 ¥
5] ) > B4 % % H B 5 (regression analyses) ~ #F 5 5 #7 (ordination analysis) » % 2f

s #7 (cluster analysis) (Legendre and Legendre 2012) % -
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9 FRX %% ENH F ik aiEH R 447 (ordination analysis) 2 % #f4- 4 #7 (cluster
analysis) ° Hk 5 5 #F % ik 44% : PCA: Principal Component Analysis; CA: Correspondence
Analysis; PCoA: Principal Coordinate Analysis; NMDS: Nonmetric Multi-Dimensional
Scaling; RDA: Redundancy Analysis; CCA: Canonical Correspondence Analysis; db-RDA:
distance-based Redundancy Analysis o £ 3t Z HEF 547 F ik ARAR AR 4 4% B 45 e 2 45 MEAR
- #7 (eigen analysis of the variance-covariance matrix) » £ 3| £ 7 &4 &9 % # 1L
(normalization) LA & 36 4£ 4% 41 7 7% K [ (different ways of topological projection
methods) ° & b7 4§ 45 3E B35S ()40 R & Python ) A%,
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32EMEREZBFALRARBEREE-ARBLAAE
321 F R AR S

EHGRERRAE Y m AR (B 10) » F3tEFa-T o o Zeymibek
TR 514,417 £ U248 B 425 3 e (Spalding et al. 2017) - KMk T MBER G
BREF O RAEENBERERR BRI BIRELAEHEGE BN SEHFRAEHGN S
FPEST 3 by R B B A Mo AE A e £ B R AAE (Denis et al. 2019) » do Rl AT L - ASAZE
FRYZTSRMBMAELTRZE N Mg REAMBFERLERIRRRZEY
ANBZE - flhoiRE 2004 £ R BN R LM REOMERT - 2 KRS BAMBESE
BAR AR EB IR E - BB EAE HRT AT AT RP AU #£76 & (Kimrua et al. 2004) -
EHNGRALCBEMEHARMERE  ERRBREERER R - BB RERK
ERR > FRREZUMBDBARMIT R ES R B - Ao G BEAE R KA
ARERBRABINGT > ERTERBEKRGERIL > BRCHKRAERLA BT
BN A B B & (Kimrua et al. 2004) < 2 7 # R84k R122 - BUR SARME R BB &89 1%
R E > R RE ( RAKRE ) BEAMBFROBERAE BT RN
FR -BREBAMAL  REHHEFERETEMAILHRFTET AU TEME : (1) B
FoE (RERZLAEZAERL) Q) BARBE (RFEULE AIRFEARL )
Q) HABMEZHLBERFAHMREE (REBEFABHMRF LR ) ~ D) 2%
BREAE (RBEEXMEL ) ~ (O BRI RMEE (ARIFERB ARG RT3
Tokmri) HRE/HRENORAKERFFTR  GAR—BREZ2ENXTE S A
BLEBARXBE  ZLERBEASTESHEERAFER - BLERILA FHERNEFEER
(B AN ) AR ARELG LSBT RRENZIRE - flh R
TERERANAN 1982 FRE4ER AR - EHEAE LA REENAIRESLEN -
HEHRER THREERETRI LA EE R SAERA B - bz sh
RBRRERESL ALY RECH ARIRENERI N - MBHREEEETTHEE
BREBGBAREENDERRH TR TELORFTE@LEFLRLEEF
&% » B Ei— b ey ¥4 R4 (Mora et al. 2006) -

BB - RITE A EREEMMEL RAFRERREMSHMASL
HEMREEHRLRFBETIISHILER » URH—EAHH L EERECLERT
HEEME RS FE L 2@
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B 10~ () 2GR MMELE A 5 WHE (42 &4Z 735 ) > LB kB A Daiand
Hm@@%%(mi@@ﬁ%@yﬁ%&%ﬁm,%aﬁaememmmam%o

A FMEAKRRTAR 100 R E2HEEHMMMEL LA Z ARSI EEZ AT B
1R 5
(1) =IRRELLE B AT 24 B (R4 B oy MBS AR X B e B BR300 7 £ At &
(2) LA AR A A MR FOR DURSHAE B AT B R B 1R85 Z A B RO I
Q) ERAAATERMR FoR EF0 BRI F R RAARRSE R AWK
TRB|EERSGFIRECHEH R -
(4) BALHELACBMBEEEETMN  HEEERELARMYAHAELURE K
ME R BAR o
AT RS SEAESADSMAEEERAZERE S R LERELY
BH 2o % B E R WA E R A MR SRS R RE B e A
Wi ARG ERERAAIFEELEB R B EAELE MG ER AR NRFE
Rl UMEERAMAEHHFERE -

322 AL RE - FXNERRE
AFHERIN A I0Z 11357 100 ReAE T > HAEBRACHEE EER

& 3RE 11 FELABHEURISIEYZ LG BRI GREG TR G IEER

>
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RIERAMBAE - SFE (110 FE ) SRR e  REZERBHL 53 R
2L e BE LM 421 —§ o

A AT ENKA LA AERFERED 25 REARAMRGFHRZ AL > &4
238 ( E B B3R DNA R ) RIRR AW 5 it RBER &4 - WA N AT
RRAEEE 5HF

Z 3 AHERE N0~113 FRURABBAFT XAFEE 2 100 8 06 2535 ba 8 48 FE BAT o

No. & Y Hy b 2 shEs (3 ) G iy B
1 A-3t&%  TRMI 34k g Pengjiayu 25.629 122.078 X
2 A-3t%%  TRM2 % 648 Mianhuayu 25.485 122.105 X
3 A-Jb&% TRM3 TEHR R Huapingyu 25.424 121.946 X
4 A-3t&# TRM4 & PR Shimendong 25.424 121.946 X
5 A-3tE#¥  TRMS B Yeliu 25.208 121.694 v
6 A-3dt&#%  TRMS6 Ak Vg Keelung Island 25.191 121.785 v
7 A-3t&#%  TRM7 B Chaojing 25.145 121.805 v
8 A-3t&%  TRMS R IR Shenao 25.135 121.820 v
9 A-3dt&%  TRMY £97 Bitou 25.126 121915 v
10 A-3t&%  TRMIO 82.5 82.5 25.121 121.898 v
11 A-J&%  TRMII AR Longdong 25.113 121.920 v
12 A-3t&#  TRMI2 ES Nk Meiyanshan 25.071 121.924 v
13 A-dt&% TRMI3 R Guian harbor 25.023 121.963 v
14 A-dt% TRM14 & Magong 25.018 121.999 v
15 A-J&%  TRMIS gp iR Maoao 25.018 121.990 v
16 A-J&%  TRMI6 7 M Shicheng 24979  121.953 v
17 A-J&%  TRMI7 BLET Turtle Island I 24.843 121.937 v
18 B-£#%AE TRMIS %5 Midao Island 24599  121.902 X
19 B-Z%%F TRMI9 ) Midao Rock 24.597 121.898 X
20 B-Z# KA TRM20 Bk Fen Niao Lin 24.498 121.844 v
21 B-£#%%f A TRM2I bk Waushibi 24482  121.862 X
22 B-EZ#%HF TRM22 A Zhaoyang 24.457 121.822 X
23 B-&#%%AF TRM23 ey Jigi 23.694 121.552 v
24 B-£%%AE TRM24 g2 Xinshe 23.661 121.543 v
25 B-£MRE TRM25 7 #3F Shitiping 23.483 121.514 v
26 B-£%%AE TRM26 % R4 Shiyusan 23.177  121.404 v
27 B-Z#RF ETAM®K A% Kihau 23.118 121.397 v
28 B-£#%%fAE TRM27 e Jihui 23.116  121.397 v
29 B-&#%% % TRM29 JoBF Jiamuzi Bay 22.863 121.209 v
30 B-£%RKF TRM30 /N EF A Xiaoyeliu 22.803 121.200 v
31 C-## TRM31 ERR ) Mudouyu 23.787 119.601 X
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No. &3 55 vk 25 sh26 () B &R

\

of
ot
[

32 C-&# TRM32 4 g Gupo Islet 23.714 119.559
33 C-m# TRM33 Jbsk ek Tie Zhen Islet 23.707 119.567
34 C-&# TRM34 37558k Pon-Pon Tan 23.673 119.639
35 C-&#4 TRM35 %5 &R Whale Cave 23.658 119.522
36 C-## TRM36 ANRE Xiaomen Islet 23.651 119.530
37 C-m# TRM37 g f4 g Sijiao Islet 23556 119.543
38 C-m#H TRM38 e 58 Keelung Islet 23.542 119.531
39 C-## TRM39 REw Wa En Tung 23.537 119.614
40 C-##H TRM40 54 Qing Bay 23.533 119.563
41 C-&# TRM41 FHENE Chinwan Inner Bay 23.533 119.567
42  C-H# TRM42 AR AR Tongpan Islet (east) ~ 23.511 119.523
43 C-&# TRM43 i Hujing Islet 23.493 119.521
44 C-## TRM44 T Huayu 23.404 119.321
45  C-H# TRM45 LS Wangan 23.373 119.498
46 C-## TRM46 gl Maoyu 23.326 119.320
47 C-wmH TRM47 g i Siyuping 23275 119.503
48  C- ¥4 TRM48 R Dongpingyu 23.262 119.517
49 C- ¥ TRM49 RE Dongjiyu 23257 119.672
50 C-## TRMS50 o8 & Xijiyu 23.250 119.615
51 C-&¥4 TRMS51 t £ Qimei 23.210 119.431
52 D- %5 TRMS52 & & Xingyuyu 22.682 121.512
53 D- %5 TRM53 o Chaikou 22.678 121.482
54 D-#5& TRM54 NS T Gongguan I 22.678 121.493
55 D- %5 TRMS55 BB Garden Lighthouse 22.677 121.464
56 D-#%5& TRMS56 nEE R I Gongguang I1 22.677 121.494
57 D-#%5& TRMS57 P et Haishenping 22.659 121.509
58 D-#5 TRMSS LT Confucius Rock 22.652 121.505
59 D- %5 TRMS59 o BA Shilang 22.648 121.471
60 D- %5 TRM60 &4 Guiwan 22.640 121.481
61 D- %5 TRM61 aiy Dabaisha 22.637 121.490
62 E - /JHizk TRM62 TEHRA Vase Rock 22.356 120.380
63 E- 3 TRM63 EY N Beauty Cave 22.353 120.370
64 E - gk TRM64 9 R Zhongao Beach 22.352 120.387
65 E - /gEk TRM65 AEAF 3 Duziping 22.350 120.364
66 E - /JHizk TRM66 FEHR R Lobster Cave 22.345 120.389
67 E - /hHizk TRM67 *4% Shanfu 22.341 120.361
68 E - 3k TRM68 B RIR Black Dwarf Cave 22.331 120.355
69 E - /NERER TRM69 RA& Dafu 22.330 120.371
70 E - /JNEUER TRM70 B4 Houshi 22.324 120.367
71 F- pjus TRM71 R Two Lion Rock 22.085 121.565

31

AN AL A HALAHALAHALAHALAHALAHALAHAHAAXKXAXHAAXAXKXXAXKXXACNHAKHARKHKAKHKNHAKAHARKAKKRKAKKRKHKRK



No. & 2 5 ) g () B SR EE R
72 F - ffjua TRM72 FHE Hen Rock 22.084 121.556 v
73 F- B TRM73 RAFILE Dongchin Garden 22.058  121.569 v
74 F - ffj i TRM74 B R Blue hole 22.056 121.507 v
75 F - ffjua TRM75 IR 7 Yayo 22.051 121.510 v
76 F- i TRM76 FHEER Green Grassland 22010  121.566 v
77 F- s TRM?77 eV Older Rock 22,002  121.573 v
78 G-#T TRM78 Bka Tiaoshi 21.956 120.767 v
79 G-%T TRM79 HERI Banana Bay 21.925 120.831 v
80 G-#%T TRMS0 1R 82K Jialeshuei 21.999 120.873 v
81 G-#T TRMS1 BEM Wanlitung 21.995 120.704 v
82 G-#T TRMS2 4 8 Hung Chai 21.973 120.715 v
83 G-#%T TRMS3 4R B Hongchaikeng 21.965 120.710 v
84 G-%2T TRM84 f?:ﬁ%fé)a Houbihu 21.943  120.752 v
8 G-#T TRMS5 EA=R7) Dingbaisha 21.942 120.710 v
86 G-%2T TRMS86 EN S ! Outlet 21.931 120.745 v
87 G-#&T TRMS7 FiT4 Leidashih 21.930 120.745 v
88 G-#T TRMSS N Xiaowan 21.927 120.791 v
89 G-#%T TRMS89 FEEI Siangjiaowan 21.924 120.829 v
90 G-#T TRM90 5 % 58 Maobitou 21.917 120.738 v
91 G-%T TRMO1 RELA IR ®E Longkeng 21.908 120.861 v
92 G-#%T TRM92 tE% Qixingyan 21.759 120.825 X
93 H- &) TRM93 JL bR North Outer Atoll 20.779 116.802 v
94 H- % TRM94 LA BHE IR North Seagrass bed ~ 20.711 116.725 N4
95 H- &) TRM95 LR EE North Inner Atoll 20.707 116.806 v
9  H- R TRM96 RESNA East Outer Atoll 20.700  116.923 v
97 H- &) TRM97 % IR West Inner Atoll 20.695 116.752 Vv
98 H-R¥ TRM98 R MR East Inner Atoll 20.692  116.866 v
99 H- & TRM99 R R South Inner Atoll 20.644 116.806 v
100 H- &b TRM100 %I A Southwest Outer Atoll 20.595 116.765 v
101 H- & TRM101 BAEINMNA South Outer Atoll 20.586 116.795 v
Extra C-i&¥ TRM47bis I8 Toujinyu 23.28883 119.50281 X
Extra C-i&¥ TRM33bis i 4Bk Tie Zhen South 23.27507 119.50363 X
Extra A-3t&#% TRM17bis . 5 1T Turtle Island I 24.84581 121.94379 v
Extra A-Jb&%& Xiaoxianglan s % jff Xiaoxianglan 25.02667 121.97327 X
Extra A-3t&#% Hepingdao  Fv-F 5 Hepingdao 25.16083 121.7715 X
Extra A-3t&#% Waimushan 4 KWL Waimushan 25.1656  121.7224 X
Extra A-Jt2% Xiehe R Xiehe 25.15898 121.7405 X
*REE IR HAEY) 2 4842 TR B F B R R IR LM AR (RE R ) ©
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11 A ERI T0~113FERUABEAKFAEZ 100 B3b2E o B E &2 AR E K%

AT EAMCHEBNM (A ERABRAELE ) AR L EHTURAAITEES

AR PR Z ISR HAE (training data) - 42 @420 HBEABFRERRF LM E L4
BRI - (A) 2SS B) BHAREFIWE ; (C) RiVEE -
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3238 FE S BAREKRE O

() BREEAE
) =

RIBTAF LR KEATER MRS > TERRFAR 12 TR KREEEERY
ShEES B R R AR > BENKRERRRXERK 20 AR KO FAL > FHREMRAE
AR 3 100 AR - R AR ERE TRBERAEFETR - AT ERBEASLAEEL
B H Ak EkR » B3 1 k483 —5K 0.5x05 AR HIEM R - L5 EEE D b
100 FRARAER R - i2ee4a h @ A4 ERAEA 447 T B CoralNet R 4547 » )b T RS A
I8 (AD EH > TREWRAMBGELHRE » MARME RELE BB EGEAMH
BAERE—FTRAAIFEETGHEE - JtTEREARHESALRE Al 4% &
AERBEMNEHEERER  URANBEREBLOHZIREFL2ITIEHEELX
TRAF - A— @ HENEFADEI G TR BRI & B A% 6 7k RIRE
BBy BRFAR MmA AR (K 4) » Azt EH @A #4542 (Joint model approach)
REFEHNZTLEEBREHEREEAMDEFNEEZZ A EBEEZOL ALY BHLTE
BB LT HEEEMERA LR R - 5+ E ¥4/ Kennedy et al.(2020) 7
# 2 e »  £ X R 7 8 A 4 H (https)/ www.mdpi.com/2077-
1312/8/10/760#supplementary) » A &9 &R o4 E 12 A REB TR REAT -

.>+

B 12 KRGALEFEREI SN SE 2/ MR A L AR KRB LM SR R0

ARAFTHHEGACZIARLE - ARAT N AT E (AD) TEHE - RRH

FA A B N R#FHE: (citizen-science) 3t £ 69 #:3% - ODB: Ocean Data Bank » 3% & #
B2 KREGFRARAEFLZITIEHEFRS -
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A4 BAERBHNEEETRMMEYEERILZ T E LKL o

B 2 sh 85 1 v 2 2 v5EE 3 vh 2k 4 yEBE S
wnk | mEom | g ap s PRI g
¥ X X X X X
BOLH & 0 ¢ X X X
g 1% 4% F 0 0] X o) o)
g aas 0 0 0 0 0
" E b X o) o) X X
H At X 0 O X X

esh > ERHMAANFTT » A EHARTHRITHEEZEFEEZHAL - LI
SR B L2 AT - AEF R EFRE AR L KR FRE LA LT K
N HEBRENEE  RDABE > SR RARRGEEH ALK R g0
B o Fltkay > BIAEER R BERARFELRELBRENNEL - KA - &
%o AHEBANAEARELBASHLBHNRTCREAT B EREBREMN A -

(=) SBEBHEDNASEREARAE

BAANBAEBTAIMBARARFEAER » —HREBRKAKRBERRTEE R T ET
BEE AT o £ BFEIEIE DNA B 5 » HRIK 2 E 5 HeEKEADH - i ARi@JE - DNA

B TRE 0L BRI S 5 H 42 B AT 8 P4k 2 ok -
JRRAEMAFLNERAR LN ERAMBPAETORKE AR - HEA LT E24& @0 E
B UAENER (AR 68N REA 10y =363 %7 ) thitiihtir » 28
SATEME (REL) & RENGLHHTRE - HBABEEK (FLE Spm ) £
500 ym4AB R LB c REGAGE LU EMEABTRSEIRCEE (1gL) 8y
10%4@ B ¥ A ( EREBREA 5% )  BEED —EERUARREDEANLEE
RER o RRRANEREHRIEZ SR LI R RGENEERGHRARAERD] T0%EH T
3 fr A3 B8 4445 (Olympus® SZX16 > 0.7-11.5 X zoom) F 4% KA KA M » 45 £ 4 K&
B ey »3aRs 2 » 3 A B 4581443t (ocular micrometer) 8] & S B AR RBEEREE -
THREEY - FRBAGLEBHOBA ) TRBERERABERABITA T ARX
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V=LxW"2xC AE3t o 2R F LARKELK - WARKET  CARR>BEREK
4 I 5% B 4% 04 44 3 (Rachor 1975; Warwick and Gee 1984; Feller and Warwick 1988) » it
B3t R A AR AT A (LWR - & 5) 5 #rZ 81tk ey & W 3A 25 69 B A RIAR 35
H M Z BATH R R AE =t » ko 45 [E 48 (Ellipsoid) - [E 448 (Cylinder) - 442 (Cone) ¥ ;
P 64 A& Wy FABE R AR R K AR 0 04 A 4 e AL A BOR BB (Bl BARE ) A HA
BAER T AR HIIGHACAE ) o KRR E A WBRBATERA BB B AR
MR EFEERS  AMBERARLEA MG R LA EN > mahe (BRE)
B A M B A R AL F 4 1.13 J 4k 3t (Warwick and Gee 1984, Wieser 1960) -

£S5 o BRAMBER  BIRGE S URBMEEE S K -

Taxon Phylum Method SLELEES 1
Gastropoda ( B2 249 ) Mollusca Cone

Echiura ( B5& 8 ) Annelida Cylinder

Decapoda ( +2 8 ) Arthopoda Cylinder

Mysida ( #E¥ 8 ) Arthopoda Cylinder

Pycnogonida ( ¥k 4 ) Arthopoda Cylinder

Cirripedia ( ¥ 2 %49 ) Arthopoda Cylinder

Bryozoa ( % & #4579 ) (Polyp; Colony)  Bryozoa Cylinder

Bryozoa ( 3 & #4717 ) Bryozoa Cylinder

Chaetognatha ( £32845F7 ) Chaetognatha Cylinder

Ascidiacea ( #3449 ) Chordata Cylinder

Actiniaria ( /5% 8 ) Cnidaria Cylinder

Holothuroidea ( 7§44 ) Echinodermata Cylinder

Crinoidea ( /5B 444 ) Echinodermata Cylinder

Ophiuroidea ( #2244 ) Echinodermata Cylinder

Nemertea ( 4875847 F9 ) Nemertea Cylinder

Sipuncula ( 2 & #4777 ) Sipuncula Cylinder

Calanoida ( ¥4k %8 ) Arthopoda Ellipsoid

Cyclopoida ( %]k %8 ) Arthopoda Ellipsoid

Echinoidea ( /A& 4 ) Echinodermata Ellipsoid

Polychaeta ( % £49 ) Annelida LWR 0.53
Oligochaeta ( % £.44 ) Annelida LWR 0.53
Amphipoda ( 3% 2 B ) Arthopoda LWR 0.4 (Tanaidacea)
Cumacea ( 32 &8 ) Arthopoda LWR 0.4 (Tanaidacea)
Tanaidacea ( B 2 8 ) Arthopoda LWR 0.4
Isopoda ( ¥ 2 8 ) Arthopoda LWR 0.23
Ostracoda ( /44 ) Arthopoda LWR 0.45
Harpacticoida ( 5k % B ) Arthopoda LWR 0.5

Acari ( #%i5 25 47 ) Arthopoda LWR 0.399
Hydrozoa ( /%844 ) (Polyp; Colony) Cnidaria LWR; Cylinder 0.385
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Taxon Phylum Method WA

Polyplacophora ( % k4 ) Mollusca LWR 0.55 (Tuberllaria)
Bivalvia ( # #% 49 ) Mollusca LWR 0.45 (Ostracoda)
Nematoda ( 4% & 84977 ) Nematoda LWR 0.53

Platyhelminthes ( & # #4777 ) Platyhelminthes LWR 0.55 (Tuberllaria)
Hirudinea ( #2249 ) Annelida LWR 0.53 (Polychaeta)

B M L RAVBH AL B B d T 0 208 A KB IR T AE I B B
b Bk E 1AL 0 Bk KRB SBHNRERES RILZHEGHH > I
UG M umH - BB E B ERR A AR E R o J5 I A
BaPE AR TYL10 #2 TY11 e sbsynzesk - 2R R A RE B M RMAANBEN 5 4%
EoM gt o o TYL0 B ARG RERAERL - AT HHKE TYL @8N -
AMEEBRAENESUMORTBRBRRBRD EFDEHBEIHFLERBRGBE - W
5 AR E 6 BB B R A E AT % B4 (Bray-Curtis similarity) & 4678 B4k 25
MAhamuy 28 LRITHEGU S S04 - £ > &RAIIEA R1&% (Ward’s method)
R IEMEPE R 52 (hierarchical clustering) &4 B 444 » 3t.4% F % 5k 47 (Silhouette analysis)
RARSHEE - E— 250 HEARAEEBRERRENBERAT A EM LE1L
A BV AIER E S 4 E 5 #7 (non-metric dimensional scaling; nMDS) AR AR K I &£
W A RE » AR BACTE R B &R - A£G LB ABNE AR
BehEmmm £ E L RIV A MER BTG B 54 (PERMANOVA) M5k 4 4y A% 4
RATRBEEE B9 % % 4 54 (PERMDISP) tasntam % EMHAE A% £
B, M ¥4 % F b (post hoc test) B 24 Bonferroni correction A iE p & °
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33AHERMALASE

331 FRARAESE
ABRBXRPBRALRNMEGEFRMEMN - AABHILEEALLKE Ak
HIFERAMGEZENTX > ALAARAREERERARREEN - ERAFEF TR
TF BB EAKIE R (hydrophones) &9 77 & - fEHkE T 837 S A B AR TR 7 & 0 B A
BEEERMRTERER > KRR 10 REEE-—ARFHMAB XX EZERNN > £
E MR AL BB K TEESRE > BpKF % (underwater soundscape) » U436 ¥t i 7% 4
RAMREEFMEIBHRIBRMRAERALTE (oA EHATREE R TRAE R A
BEHELE ) 2%
A EZLARTUZRI AT =S ¢
(D) 3 EARRRTHHIAT EERMAREMAARAKTELSERSFEELRR
AR EFE R MBERZ S RN
Q) BT RFEBRBKTEETTHREFAMSEHREAL MY  URABRE
HEFAROBLELE -
(3) At £ &k B9 2 G EEA A 4 (Global Ocean Observing System; GOOS) 7| A i ¥
B B & K% 4% 8 (Essential Ocean Variable) 2 BAZ — 2 » fe i BH Bl Y £ B 15
HEMERARER -

332 WEERE  HENERER
At EAEAEHE BBV RAALES A ER | WA HGT A% T
TZRATFTETER - BARRIEER > W& KZF > UEBFXMHAKT#
FH o ARERITER BLHNEHERABEYE B AARSFEAHERE
RNE s R E > UMBFRXEBTZRAKTFTETER - BRAE > L EEBRAR
R THERG T AL ESL  BENBR  ALEH  AHKAGEE D 15 REH
EVCAE ¥ o

A3t %42 A 49 SoundTrap 300 HF ( Ocean Instruments - 42 ® 3 ) 4% %4 (B 13) -
B % 5 2 T3k 576 kHz » 04 35 L £ 204k 58K T B2 28 810 - L Ea) KIS
52T A sk 20 Hz — 150 KHZ 0948 2 568 » A 24008 S il 2 kHz sl k2 43 %
$3 B 7T 157 38 dB re 1 uPa/Hz » 394 2 AR SR A R A H ik S5 B o) B A B - ARIE
AW B2 3 & 4% > SoundTrap 300 HF &% 5 4 448 20 A 38R A R R ey B4 8y ) 3 5

—5.\

[+
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(W~ BB EEUBEF G ) » UARLEFEALEE ( BK - SEFITUARSE
F A2 ) A4 6y %% (Lin et al. 2019; Heard et al. 2021) - f£/K Fek& BRI #AR - 4%

FA%GZHEME (Gain) RE A H » BRARBARZTA 96 kHz » 04 5 5485k 1 3 nsEw
S A2 A AT B« B A A BUL B B 48 KHz B AR 2175
dBre | V/iuPa e K FékF B H o

13 » SoundTrap 300 HF %% % #

A EAEFORNRERE > RBEBEREEFRATEABRAGZALTRRT X -
AR B EE  BABLEMERERBIP L ERDAAHER > BLGERAETRER
E¥BAKANBHERSEEMRMMECEGERE  FIRBEEZREEMAKTFR FH
HHEREE TR LIEBHGERY | AROME - £ABHITEE > ERABLI AN
IR EPTE - RALEFREZEBRABAEBEE R T €4 T2 M a0
BRATITEFE  BARSTAKEBEWNEE (B 14) - A3t EMERAXSTREB T
ik o BRI - TR A BURYD B A i@ R IR RE R RS -

B 14 KTFéF 2RI BT EmEBRTEMHAEZIA -
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333 EHaH#

HFAEWIENE KT T A2 %21% - §48EM SoundTrap Host ( Ocean Instruments
s @R ) SRR e SUD A R X - HRATRETRATHTE) WAV X -
SR T+ AT R P I R 6 TR S AT BB 6 B R
5 #2482 Soundscape Viewer (https://github.com/schonkopf/soundscape IR) i#4T K & 5k
FHHZH - 08 () RHEMEFTHZRERIRA Q) BRI# - WRG) B4
S (B 15) -

~
(7

"
A

KPR E A - HAERNEZRAREFT IR ELSEBEFAGFERET L7k
PP ARABRRELEREFRMESE—ZHT T BPRRRETH&KTEH T
BB R AR S > DR AR AR IR Y BLET R B9 R 454 (Merchant et al. 2015) - 3t H &
et E R Y A EEE U EDARE RE (1024 £EFTREE M ) BITH

BEARY  SBEGDEEFRZPLE  BHAAG 3 pEEL ARSI
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BIMHHBRER  PRRAN UM ARRE AR E  ERANFEELNRN
BHAEE -

RIFBENFRER A FEETHUZRRMETIELE - e ARBLERE
BP AN EE BRI RTAANASRE - Bl 0 KREWBEE £ OIS ER - BFF
58 MERTEREZEMATERFE GO GHHHEALFEH R F (Lin et al. 2017;
Lin et al. 2021) = gbsh » HFRE P MBBRAZH BRI TOSRERMREETDE
Blho t S E M KT e B T AE Aok S - Bkt RMEEILs#E TRt
o AR RAR o FBILTA R - Rt E 4T 24 0 RsRE A - RAMN HTML B 5 00k
W SEEE 2RI HER D ERKFHMATHRETEN  HBIRFTFEETHRMTHAAL
& By KT B F FAMEY -

(=) BRa#

A3t £ B Soundscape Viewer T E 44 o 2R 58k % B ok o 2|4k — 1838 A 1 4 75 JF
& 45 . #23% (Periodicity-coded non-negative matrix factorization, PC-NMF ) &4 % £ 8
A o PCNMF £ —#FLEBEAKRSLE  eHEFTRBEMEMZROBERAT - 8

ELPEBNRIAEE PSS ERBEERESMAERFEHSET TN TSR
MM EAR K AR ESEE S E N AR (BT EAHE R RAHMN)
S ERAEAYMHEST (BT AREASE D REINE ) - TRGMEEL - BRI B4
FREFRGKIFIELE > RBERFEEST AR — 24T R ARFHRBELTHE
PR by sk £ o b ik SEME R P o4 T O~ R MIEE - R AR K 05 ]
KT EE > AEHA BT KT B % 698 & 44t (Lin et al. 2018, 2021a, 2021b) -

A3t EER PC-NMF # %2 F M A 54 soh IR P 2R ey R AR E
WEELBEEE  TREGMETHALRY > L ERMHERG Y FIEEE - TR
BRyHS > AT EOMSEROFEMEAMEY - ok ERAHHEEFREZN KN
FAREE - £R1E 3 paw A BT E ey - B 0 RIBEMEA S B sk B
Ay ME SR KB EATHARLL X B ( EHMALZ 08 I XMW E ) - AL A M
Btgeh B4 o 8 24 DR B E R SR E &% 2 R4 -
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() BE S HMLH

A ER GO ETORBLE LA RBEFEEMERZ S
o K PC-NMF &2 6 84 45 R 1054350 - E /A — @ #e9) NMF #2125 10 18
By B E RS IR E N B > BAIA k-means REAE Bk oA By B S AR SRGE
BEeyibatt s THMUAATHEGHHETHENRE - St E—EES Rt
EoMETHABE > RRABR - MV ERUAZRAEHE G TR EREX -

R APHERPTIERBI B LA - A3 £ A F B %445 # (Shannon
diversity index) B4ty 8 R 2 A3 P13 4

- i p: log (p;)

£ NARPRE 2R pRT S AR A A RE TR R
ZIf] o HREROGTTHAPRRE —EETHE > SARMEEHRN L0 XRAFMS
FEFEA R BB G - SRR eAS -

3.34 BHAHERAFRA

A E AR B F F A (Depositar) 4835 » 2 X F B 2 FH A D
(https://data.depositar.io/en/organization/oceanbiodiversity-ch) » 4 B 4K Fé 5 B4 » &
HRFREE » UR A MELT S EREANEE L - FHERFIFUANEBIBIEAKT
FTHRZCET  THRAFELAXRREKRTER SHRMEZERME - 3Loh - K3t E
.35 Google Colab E3EH-F & » I K TF&HT EMATILA TR 54 ZHBEEZX
o GERFT ET MM A AR RE R RT B fTER KR THETEMETRTERZ
MENFLHEAMbE EERA -
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34EMBREZHBFLRARSHEREEER TN 4
341 S RBEAEMZBHE S BHERE

FERFEPAEAMAMEN > ZELSBAMBTRFEHREEHE  RENE
FEPIEHE ODB + ( 2%4a°7 B, oA F208 ) » 345 ESRI 84 ArcGIS %2 ODB A 47
MBEZTAMAAMBE A NI LS KB EERN  ZREBANTREM S -
BUOEIE A A H X TR o FH R A BR A LA RS F SR AR AR A $ 4k
MF R RIEE -

342 S HFAMMETNB T RERE

BAREBR N EFARAERR  ATBIRAEI G RF 2R AEHR KBRS BFS
P18 1986 FX BB KRZHEFEMRAAUBBAR TS E > HerErmpg ' ¥
ZF1%E#E | (Ocean Data Bank - fj#% ODB) - ODB & & T HF A /¥ BHARAF ~ u %
TR FRERES (iR KR A LR RARTRE ) » FEBRATE T AR
W (W EBEEZRANMEANEREREN BRI UK ZZIHXTE  BEEEE R
% BB BRI FIRFS - 3% R http/www.odb.ntuedutw ) - SAEELRE K K
FEMEFUERER L RERG  MAELERRGBHERAMFHR RETREEMKT
MEE U 32| BRI R UREBFAERHAEFIEESZ L RA LR
A2 SR AR o ANFRIEF LTI T 09125 > ODB ikt EFmE1F - #1A
5 RERABRBMTRIB ARG  SERETANEEALANERLFARTH (AL
W ) > B4 > ODB L& & RS THRAAE RN L 55548 M E L NE
B2~ ENA ODB WA EH - flio : BFARGEE - BFRRELE, BRE
FARER/ AR FE > TaiBIF Y FAMSHRMEEN  ARBHERF - WREE/E
B &fAeFRs 300 ZMHGEETAEST - LBEEEEL ODB A 22 EH
ODBWMS [ 4 Ak% ( #4894k http://odbwms.oc.ntu.edu. tw/odbintl/rasters/wms/ ) 3%t 45 /%
FRE B EER - ODBWMS 4% B #4 3232 & 45 & (Open GIS Consortium £ #% %
OGC) FA4I:TH.E & 30 R F W & (Web Map Service » 4% 24 WMS) o a4 WMS 2 X B
BRI > Bk m L@ KR % ey GIS #3240 ArcGIS ~ QGIS 2 Google Map API #
TAHES HFRERA L NBFEMTHEEE LR WebGIS JEA 436 - £ H £
%3] A 43 WMS FRFS » o N AERERMES TS BF LB 2R EFEHET
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B4 > A5k > ODBWMS A ity 3D B3 8ikshfe » =T # 4% ODBWMS P71 &4
J& MR FG Re B Ak ey B A AL SP 3R B ey 3D KX ko

343 RBBFRECRFARRERYE
BATEEBEFRECHMIALE  SERRBNFEEEEM S THRMKRE
EEFRIERARBUGFRAC > ALFHARERESZY  FEBHRBF A
Bl A MR EERG AR T ORR S AN BE AR RBRT X AR%E
BREBRRFTEARFTFARKERR  BARYERAARYE B AEBEH®RET BT RZ
BRAKE  mMEERZEEZABRRLRAKEEEHAE BRATRERD T UE
e

BEBFHRACEFTRMATBRREZGAEF > 72010 F%4 IUCN i MPA &
2A T PHSHRESFEPZ—RREN BARFKRARFER  EEXULHEER
KEFRZARERE  BHEERA AR AETHREFTEZRR - | BRI HK
BAEFREREZKR(ABER)  (BRERQ2ENR) » (FAEAHMEFEX) » ( XLFE
EARLEE ) B (BB AARD] ) FERER - TR ERBERRA - 514 45 &
WAREE DAEARE 5300 FH AR HEEAEBIRGURKRBHIEERTFEER
Bl KR 64,473 F I /N (NI DAHE>8% » ZEUEZLTITREEBMHE 22 FFAE
BHEMEITIHRE s 2EEBHREEHSE 195 2T RN TEUABAENE @RS
82.86% M\ K » HRIRFAHMEFHAGMFAE (2T FHLEH) 1444%  AEER
A& 1.85% BERAKE 0.83% B AFEE 0.02% -

HERTERILG > CEFRRAM LA S RACZBE - At ERERS
PEHEBNAUEXLEBEFRECIREETECAETHEZE > HBIRNY B ATE
FRACTRAFNMZFE  wEEEEARACEFED A - RAEBRRAAFL
UEREETRZIAGAXABLLES -

3.4.4 BEEH5H7
FEITHEEASEBRARAZAATEFFARZAREFARECH B SBIEBERE T
BAMBREMSAE  REAMSHMERLER B/ AGEEBTAZELA D> H

$E -
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345 2B ERBHAERBAEEANAGLER AR RBRELGE

ARAZAMBZIEABRTENEARARBEOEAZRANE  LoHeM
(provisioning) ~ 3 & 1% (regulating) » % 45+ (supporting) Fv XAt tE (cultural) AR (Brown
et al. 2014) o 3PA& 4 BE A SRS L EICHAIRFGBE - T HBhRMIEH - EBREAEEZ &K
&4 5 #& (Millennium Ecosystem Assessment 2005) » pA:E 2| 4 #& 4 % 72 (Ecosystem-based
management) 49 B &% °

KRS R GRS SRS G B AN SR F A S AR EEEE  BhEHES
BABRTZEEFEBRAARBORE » TRRWITXBAGEBRIALREIRE
(Barbier et al. 2011; Lester et al. 2013; Liquete et al. 2013) - 2k - 2 RIS ¥T 43 B ke IR
Ho EEH > ARAGRBITERE S RANRER KRR BERELESL ( BFA 2012
E M5 2017; Kuo and Wang 2018 ) - 4t#5F 4 & A X3P R HERYD > 28 %F
BARE B2 A4 R A %R Z &2 3 374& ( Ak 2013; Chen et al. 2018 ) ~ ##0 A T 44
Z AR &R 1A (Chen et al. 2013) ~ MARGHAE & 75 308k 7 BUG R > Hamp et
EAGBZAHHE (85 2015 ) % - R B AT 2 a5 £ B A RRAFE - BAT
WAL AGREREEEMNZ MG EAERAPIEIRG OO T EH £ R BT
BAEERZEE -

AETERBEEREEE —FRNEFARLLR  BTAEARMRBBEEFS 54
P — R BB BT H B IREAT R M0 A A IR R A3 - A B AR e
WABEEFLEEARDRPIZA - A TFERIARBBRALNEFFEER » 4o
AETLEHMEGETRAET E - FAHRRFEIG -

ARZGRBTFRLABEEERERALARZAMRBEREBGELSFAHER
(Integrated Valuation of Ecosystem Services and Tradeoffs » fi#% 2 InVEST ) #4T ( E
16 ) - InVEST & £ B B A & A3t % (Natural Capital Project) A7 B % » B3 3PAE A RE & %4
M 5 o fE HaefhEBHEA XHELEEZ&SKEEREROHBEA Z &K
(https://naturalcapitalproject.stanford.edu/)  InVEST i b = W o e D e |
B BRI % B IR 098 A R A SUIRTS53F4F (Guerry et al. 2012; Arkema et al. 2014) -
A ERHHEZE —BFRAECRRITUTE A EAARGOBEESE () &
%A ) wAE R AEE ~ (3) B AR BRIKREEE ~ 3) K7 RehihE A B K
AEEME -

m
(crf}\'

=
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16 ~ InVEST A 2 43t TR ET &

(a
=R

(—) £ F#Hit

ARREN—EZENRFREAM SR K—BF LR A4 M HHRETIARR
AEARARENEEERREZAERZOBEI— - ATHRAMECIBFARE
ROy EMSHMRE AT TR 32 2GR ERHFARARGFRAR-A
BHBAEER 33 BHERAKHAE FAFOE N > &Y & (richness) ~ A4 %
HMIEBRREZM s HRL > A EhEHHRE (LR FARTENE ) > Wit de
HUWLEERRACHELRBEE > AR ED SR T A RERTRRBE
% °

=

(=) BBERE R

HBAARARAGERTEYD LK BEE S REPMBERARATHRZR
BAAG2HRAE - BFLRARBEZ ST RMABARRIETRE
RAGILRHATAZEBARE - ATHMREFARANBBERE ZAAERHE
T sm MEERMAGEN T REZHAMK (BER > btk E&ETREE)
RikE > Herog B ( R4/ NE ) BRI BEF > 52 2B AT
Mo AT ERAZB LRI EM BT X PR PBERITEE - BAKF U ES
EAR B AR 53R (Houghton 2003) » 3+ M X B ey Elox 42 » b3t Rt fr a9/ -

)
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(2) 8 KKK BB

HHEABRARATRRINESRNKMARIRETS » RERTERRE WEERS
InVEST 7 4 4 ac B @3 e 450 - Bt HAER3Ie8 8 A# - BE 2D R AL -
1% B %47 sk Ak (Travel cost method) (Brown and Mendelsohn 1984) 3 45 3% #h.64 hk A% 14 -
WS EZHMATHES KM EFHEZREETHOME (A2 ) KM FEHeBED
BEMEMGHEE RARAE - GREMBNAFETUANEASYTANESEE
A LI AR E M RAE G EE (HRATRA ) BM - MEAER A NBRAES (1A
ANAENA ) HHZRWEWERRTHSE - EOVRE_BHME - &% - BEF &
HE AR S B AR R ETERE > BT HRESEAEEAESE (L mER A
&) EA GG > BRI B RGBE -

HRORM K ORE MY ERN 56 342 A FAMRETRE S
EREZEH  w EAAEANBBAEMBEFZRAAELEEAEZEHMH - #|A InVEST
BAZGEFAEEABRRBREKALT RN » BEESE T B 48 M 43T 83 &
MR KBARZEMEBEET RN TESEZFZEFREREKAEHEFRAER
B EALREE A BE -
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FwmE RELERH TS

41 EBEAEGREE R —BHAS

K EN 110 5 4 B B K E R ZA RAS KR — SR AT TRk » N2

A AT

—R 20 E¥ IR EHAAE UM

Ry AmfaAER  F—H#R

A 7BBABRES MITEERINER  BEEEX8 R Tr 10 EsEZHEL 24 A
%‘\Eﬁﬁzﬂi’& ’ /ﬂ.li-’f/??

14 B3| GRS -

kk._#% x4 A 228 A rjfﬁ-%&ﬂ%

OX » %R 10 BB - 2430 BB Lk &
COVID-19 & B uy & %

KT AE 1) Bh 3R

BB ) ekt TAE - BIR &
A 8 A 18~24 B3t 48 X APUTHHIIF T T MK - UM T X - TR 15

182 3k~ RERILIRR G E RIRAETAF » B4 9 A 23~27 B 55—
MRARET 7 1EE

T % ok
=I5

X

= kk
'ET/%

B % B B i 4 0 R AR

» mE4eEE (
/ﬁ:égﬁ'ﬂ;ﬁﬁﬁu

RFH® T AT AR

HI & T1 A3 & A L BH AR » R ZHEELSEIH -

JEAE A ]
— R 2 BBBEARAD9 B ERE

TR
Ak -

AE ¥

NS

» # FR 01 ~ FR 33 » FR 46

v KR IR AT 0 BAERRAKRATA B A RE R AR R EH
6.4 & 4835 35 DNA #1535 4498
L EW 0 R EA IR — AT

ERE

ok 3E B E R IR TAE o Bk s AR ERIBZAT 0 &
IR A R 37 5 — SR AR AR5 — A BUT G AUETS 6914 &

v

A BB B E Iy BIF A AR SRR A ATHALR » N5 A
— R 12183 2 KA R AR S M R R BB AR

M S S B BT AR — SR A AL Z RIS T - B AESRF AR B S 8 A MR EATRE

wEE (B 17)

o AEAAE B TR BAA I T B o [B] 60 FEVIRAREEAL - KBS

REPFEXBHMEANEFRLEO

£ 6110 FERRZIAMAEITAE S ERE - FE  FEMAEERT %
94 B 425 KE (m) Bk B #A YEE N E* (A5 A8)
24°52.807'N  122°00.414'E TN 305 FROl  2021/1/15 CTD; PLN (NORI)
24°54.17N 121°58.64'E 126 2021/4/8  CTD; PLN (FR1)
24°53.885'N  121°59.873'E 176 2021/7/18  CTD; PLN (FR2)
24°53.978'N  122°00.001'E 175 2021/8/22  CTD (NORI1)
24°31.9'N 121°59.18'E TN 490 FRO5 2021/4/10 CTD;PLN (FRI)
24°30.983'N  121°99.3'E 672 2021/7/18  CTD; PLN (FR2)
24°30.025'N  122°00.020'E 706 2021/8/22  CTD (NORI1)
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B ©E 2k KR (m) Bk B #A VEE W E* (AsAR)
24°1 47N 121°41.75'E jtiE b i 758 FRO6  2021/4/10 CTD;PLN (FR1)
23°59.473'N  121°40.779'E - 147 - 2021/7/18  CTD; PLN (FR2)
24°00.015'N  121°42.000'E - 555 - 2021/8/22  CTD (NORI)
23°4.97N 121°32.27'E & RN 2028 FR 13  2021/4/11 CTD;PLN (FR1)
23°0.245'N 121°30.261'E - 2006 - 2021/7/17  CTD; PLN (FR2)
22°59.945'N  121°29.975'E - 1968 - 2021/8/20  CTD (NORI)
22°43.68'N 121°12.33'E & RO 250 FR 14  2021/4/11 CTD;PLN (FR1)
22°40.332'N  121°14.84'E - 206 - 2021/7/17  CTD; PLN (FR2)
22°41.987N  121°11.980'E - 227 - 2021/8/20  CTD (NORI)
22°17.94N 121°1.81'E & RO 1207 FR15 2021/4/12 CTD;PLN (FR1)
22°15329'N  121°1.335'E - 1239 - 2021/7/17  CTD; PLN (FR2)
22°15.028'N  121°0.033'E - 1211 - 2021/8/20  CTD (NORI)
22°17.68'N 121°29.38'E &R 280 Chenl6 2021/4/12  CTD; PLN (FR1)
22°15.601'N  121°30.934'E - 825 - 2021/7/16 ~ CTD; PLN (FR2)
22°17.445N  121°29.487E - 307 - 2021/8/19  CTD (NORI)
21°31.1'N 120°56.63'E A& EA 492 Chen24 2021/4/13 CTD;PLN (FRI)
21°31.86'N 121°1.949'E - 1115 - 2021/7/15  CTD; PLN (FR2)
21°28.034N  120°54.805'E - 215 - 2021/8/19  CTD (NORI)
22°2.14'N 120°30.92'E R AR 355 FR32 2021/4/14 CTD;PLN (FR1)
22°0.359'N 120°31.081'E - 616 - 2021/7/14  CTD; PLN (FR2)
22°02.5193'N  120°30.6376'E - 85 - 2021/8/18  CTD (NORI)
22°24.42'N 120°17.29'E NFUER IR 138 FR33  2021/4/14 CTD;PLN (FR1)
22°23272'N 120°19.505'E - 541 - 2021/7/14  CTD; PLN (FR2)
22°24.019N  120°18.021'E - 128 - 2021/8/18  CTD (NORI)
22°23.964N  120°17.998'E - 142 - 2021/1/11  CTD; PLN (NOR1)
22°58.48'N 119°57.54'E & o ik 118 FR39  2021/4/25 CTD;PLN (FR1)
23°0.301'N 119°55.196'E - 133 - 2021/7/11  CTD; PLN (FR2)
22°58.489'N  119°57.515'E - 124 - 2021/9/25  CTD (NORI)
23°1.83'N 119°18.82'E + £ R 59 Chen 38 2021/4/25 CTD; PLN (FR1)
23°0.057'N 119°30.093'E - 82 - 2021/7/11  CTD; PLN (FR2)
22°59.993'N  119°19.963'E - 65 - 2021/9/25  CTD (NORI)
23°26.26'N 119°29.03'E L7322 54 Chen4l 2021/4/26  CTD; PLN (FR1)
23°26.113'N 119°29.336'E - 57 - 2021/7/11  CTD; PLN (FR2)
23°26.291'N 119°29.025'E - 51 - 2021/9/25  CTD (NORI)
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B ©E 2k KR (m) Bk B #A VEE W E* (AsAR)
23°29.99'N 119°0.03'E 8 59 FR42  2021/4/26  CTD; PLN (FR1)
23°30.104N  118°59.589'E - 60 - 2021/7/10  CTD; PLN (FR2)
23°30.017N  118°59.996'E - 56 - 2021/9/24  CTD (NORI)
23°32.15'N 119°56.41'E E&R NG 88 FR40  2021/4/26  CTD; PLN (FR1)
23°29.285N  119°55.29'E - 118 - 2021/7/11  CTD; PLN (FR2)
23°32.147N  119°56.400'E - 93 - 2021/9/25  CTD (NORI)
23°59.98'N 119°59.82'E TYk 46 FR45 2021/4/27 CTD;PLN (FR1)
24°0.238'N 119°59.191'E - 53 - 2021/7/10  CTD; PLN (FR2)
23°59.991'N  119°59.979'E - 47 - 2021/9/24  CTD (NORI)
24°30.022'N  120°29.906'E & b 58 FR46  2021/1/12 CTD; PLN (NORI)
24°30.32'N 120°29.34'E - 55 - 2021/4/27  CTD; PLN (FR1)
24°30.021'N  120°30.017'E - 58 - 2021/7/10  CTD; PLN (FR2)
24°29.984'N  120°30.038'E - 57 - 2021/9/24  CTD (NORI)
25°3.68'N 120°56.81'E BeE S 86 FR51  2021/4/27 CTD;PLN (FR1)
25°0.041'N 120°55.144'E - 87 - 2021/7/09  CTD; PLN (FR2)
25°30.49'N 121°32.27'E b oh it 120 FR55 2021/4/28 CTD;PLN (FR1)
NA NA - 120 - 2021/7/06 ~ CTD; PLN (FR2)
25°29.944'N  121°30.164'E - 120 - 2021/8/23  CTD (NORI)
25°30.41'N 121°59.1'E K i 35K 123 FR62 2021/4/29 CTD;PLN (FR1)
25°29.678'N  122°0.183'E - 127 - 2021/7/06 ~ CTD; PLN (FR2)
25°30.015'N  122°00.032'E - 125 - 2021/8/23  CTD (NORI)
23°51.824'N  120°04.885'E TSN 39 OT1  2021/5/13 T (FR2)
23°49.511°N  120°03.978’E - 37 - 2021/9/3 T (FR2)
24°00.652'N  119°46.406'E TR 50 OT2.2  2021/5/12 T (FR2)
24°08.846'N  119°39.196'E TSN 31 OT3  2021/5/12 T (FR2)
24°08.754'N  119°39.043’E - 31 - 2021/9/4 T (FR2)
24°04.027N  120°09.418'E AL i 37 OT4  2021/5/12 T (FR2)
24°04.928°'N  120°09.683’E - 38 - 2021/9/3 T (FR2)
24°17.922N  120°16.710'E AL 50 OT5  2021/5/11 T (FR2)
24°18.268'N  120°17.116’E - 53 - 2021/9/5  T(FR2)
24°17.191’N  120°00.014°E AL 40 OT6  2021/9/4 T (FR2)
24°16.943'N  119°47.853'E AL 38 OT7  2021/5/12 T (FR2)
24°17.260'N  119°48.010°E - 40 - 2021/9/4 T (FR2)
24°41.676'N  120°40.707'E W RN 61 OT8  2021/5/11 T (FR2)
24°41.808'N  120°40.568’E - 62 - 2021/9/5 T (FR2)
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@ Y4 Hn 25 K (m)  Rlvs B 18 ¥ 7 B* ()
24°32386'N  120°01.256'E & ¥ i 68 OT9  2021/5/11 T (FR2)
24°29310°N  119°58.886’E 66 - 2021/9/4 T (FR2)
23°39.239'N  120°01.954'E TR 28 Y1 2021/5/9 T (FR2)
23°41.943’N  120°01.491'E - 33 - 2021/9/3 T (FR2)
24°50.008'N  120°48.3078'E  #i#f oh itk 62 Hl  2021/1/13 CTD; PLN (NORI)
24°51.727N  120°49.952E - 64 - 2021/5/10 T (FR2)
24°50.036'N  120°48292'E - 68 - 2021/8/24  CTD (NORI)
24°52.045°N  120°50.010'E - 62 - 2021/9/5 T (FR2)
24°58.560'N  120°38.168'E ¥4 sk i 89 H2  2021/5/10 T (FR2)
24°58.611°N  120°38.293°E - 89 - 2021/9/6 T (FR2)
25°07.492’N  121°01.625°E  #kE s % 73 Tl  2021/1/13 CTD; PLN (NOR1)
25°07.287N  121°00.307E - 78 - 2021/5/10 T (FR2)
25°07.497’N  121°01.631'E - 73 - 2021/8/23  CTD (NORI)
25°07.003°'N  121°00.109°'E - 81 - 2021/9/6 T (FR2)

RN SRR ¢ CTD » A AR E BKEIRE  PLN 87F e @tk Ak E T K
R AR E 5 FR1 > A — 30380845 3 FR2 » AKX =35848 : NOR1 » #7755 — SR o oA

B 17 BFR R FAXHE S o3 — 35 8 AR ETHEAVEZRIB R G F w0 LY

VR
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4.1.1 & B R4K (CTD) 247

EEBEAE BB EE (CTD ) B4 REINBRERE BE  BAREE
fAaf R B HBEKEE o BIRFARE 200 R A L&A AR FEFESER TRE
PRABBELEE - B A 55k > 10 5k ~ 25 5k ~ 50 5k~ 75 3k ~ 100 sk 150 3k Fe 200 sk (3
mE Ko sE 1) o

ERmT  AFESFEERAREBRARTRER (10 % ) a9k 4Fs AL~ R
Ao B =B GIR > BREBE  BE > FE (00) » BRIRE BRI BRI
#ho[E 18 -

Jb 3R K 645 FRO1 ~ FR55 40 FR62 > i@ (10 % ) sy KB ( 19.5-23.0C ) -
BE 8BS (s, 23.4-243kg/m® ) ~ EEGEE ( 6.15-7.58mg/L ) Fuix A dafe B ( 82.1-
106.0% ) Al M2 B &K - 2] 100 K FEBRREHKBRBFEZE 16-19°C AL
wHE (09) 4 24.5-253 kg/m® 2 [ » AR EARE 5.4-6mg/L > XA 400 E R A 68.6-
75.7%2 B

R 3438 635 FR05 » FR06 ~ FR 13 » FR 14 ~ FR 15 » Chen 16 » Chen 24 $u FR 32 -
KR L BEUR - AR 200 RAT o B A SMal A R AR 64 B RS - KB A B T 3R
R BB RIF S o BE (10 k) ykBAE 255280°C2F » % E A 84K ( oo,
22.2-22.5kg/m’ ) > BFIEE# 6.3-6.7Tmg/L » XA AL E 4L 95.2-99.5% 2 F] - K& E IR
T2 100 5k » P2 T FR 05 f= FR 06 4 B 1R b KB 84K ( 17.7-18.9°C ) 2 4b » HAbxE 2k
89 100 sk KBE A 2000 » BE (09) B 23.2-25.0 kg/m® 2 M » JREGEE# 5.5-
6.4mg/L » 75 B paFv B wg Fh AL R Ry 100 KR - A 71.2-93.5% 2 B

793R 435 4 ¥ 26 6,45 FR 33 » Chen 38 » FR 39 + FR 40 » Chen 41 ~ FR 42 » FR 45 -
FR 46 #2 FR 51 » }b@KE# % » R4 FR 33 fv FR 398 £ %] 100 sk A F » HAbss 2
AR RE 100 % - F%eg FR 45184 48 £ » 5@ (10 % ) ehk:l (23.9-26.5°C ) #v
B (0e, 22.2-23.1kg/m® ) AR LA A R IR BB M » BEAEE (6.4-6.6 % gL ) Fu
A AhAe B (194.0-96.8% ) RIS R MEBARNT - BNRERE  RLEBKBRMERET
ey A5 3t ReAER -

32 A B ARy g 3h B B S A KU E o S B R RIR R B o

ZEEALEN  2HARSBYOIEEMAUAEAZTAMR - Ha (10 k) ehkE

BE - FE BRREBASIEAGRZE T A RBERY
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L3RR KB A S 0 KIETHS 5-8°CE 27.5-285°C » %A (o9 ) BIEEKE
21.0-21.6 kg/m® » 22 EE ( 6.81-7.29mg/L ) Fuix Gt B (104-112.0% ) tb A E 853
(BB 2 MRARERE AR - ERK 100 KRB BRYKXEMRBEAZTRELR S
KBIEE 17.0-224°C > BB (09 ) 42 23.4-252keg/m3 2 B » AR E 4 5.9-6.Img/L » &
St fo B uk B IS & 74.5-85.5% ©

RIHEBRO R BIRAT LA IS 1-2°CHRE] 26.6-30.1°C > ZE (09 ) S ATHEE
20.5-22.1 kg/m® » R EGEE 4 6.25-6.72mg/L » 7 A e E B L5 E 103.0-107.0% » &
100 sk AER » 42 B BBt eys6 2 FR 05 f» FR 06 ey kB A x4 A £ 8 (17.9-19
C) > EtbdzayRBAIBEENS (212-261°C) » mE A (22.7-25.0 kg/m® ) ~ &
FURE (5.8-6.4mg/L ) Fuis Atadn  ( 75.4-95.9% ) S di Ak FAai o

T IR KA R ZHBAAE 3CAL » £265-30.1C2F » BE (00) BIER
ZE 4 20.2-22.1kg/m? 2 B > R FGEE ( 6.36-7.13mg/L ) Foyx S gafe B (199.7-111.0% )

FRAEHS -

4 34.5
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: ..
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£ 2251 =
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10 FEAEZNEERRBEKRSALEY  EWB2F A ETHOERE BE
BERE C BEAAE - BE (09) ~ iF/198% ( Buoyancy frequency, N? ) Fu i 2 6] 3%
Wk T e

FEBERGBENBE B GARS R Ky A B RE S TR Ao
MAERERERR KBRS BM - MEREAR  KBBHRTHE  £BRHEL
( thermocline ) 2 #% MW A& € » FILER - B ENRERRRE KB OHE G L&
BEHBAE > BERRETALTHKNEE  — MMz REMR  BREEAS  £&
@ EHME (pycnocline ) ZZMNEE - BBR Ao FREREB TR - B AR E
FRORAGRGE KO T ALY SRGKPBREK - FHEE (N) Al THA
KT EEENEEIAE > AT HHEAR AR P REN T EE LT E MR
B FNBAFRRREAFANELFEGALRRGRE - THES KBS RIER -
HARTOBEAREEFAMOEFL LM TAEREBFRERELSFARS
EARR ATEBETHERFAMACHARAR  BATRBAKBTEERESAY
BAEMERILY  BRFYERRECIFBELE > BEMK  RAEREAS -
EEZREMR  BFERKBEFTAESANRD EEAMBFEARLARMEELER

BT o FieE fORE R At s R B A5 84840 & ( oxygen saturation, % ) B
BEAA R ERE T EAEY & E A -

ol

(—) &#hIEER B
(1) FR 01

3525 FR 01 72 110 £ 4 FFu E 6y CTD R Bao B 19 Fu ) 20 AT o AE0EK
R4 140 3k > CTD4RBLEAE 132 3% » KB E £ 16.10-22.13°C2F » F34:8 18.60°C -
B R 4 33.96-34.36PSU » 344 34.18PSU - 3 E i K EH (00 ) B4 23.54-
25.24kg/m® 2 fi} » F344E 24.47kg/m’ o R EGR Ktk @I 7.59mg/L KRR B & T E
2R3 5.85mg/L » “F344E 6.62mg/L - & A A A A K @R & 106% 0 EJRIRFRAK 73%
34 87% o KiBAEEAAF 040 KB ZRMBETHE » BE (00) RIABELEA - %
AHEE(N?) £ 38 RRER RS - MBEAL 30 RKREUNRMEBEE TR - £ 40
KA A ERKME 260K UEXBEE LA FHEE (N) LELHTORREES K
B o U5 E A A B AR KR 20 3K A % 0 100% o A2 KR 20-40 3k Fo 60-80 3k 18 B
] 2R RILBABE T 5 o



FRO1 (FR1-2021-Spring)

Temperature [°C] Oxygen saturation [%] o [kg/m°]
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Practical salinity [PSU] Dissolved oxygen [mg/L] N°[S™] Practical Salinity [PSU]

19~ 110 £ &5 F 5352 FRO1 &9 CTD#RBIRE SR EAR - GFFRE BE - BRE
BBt E  BE (09) ~ENIEER (N?) foBHE -

REAERFFROL B4 A4 4 44 2 RIR 175 K & - CTDHRAIRE 170 K - ARIEE
2 16.20-28.41°C 2 1 » F34Ki8 21.86°C - B & A]4) 33.20-34.50PSU + -3 & 34.01PSU -
BB HAEE (00) H4 2091-2533kg/m® 2 B » P4 23.44kg/m’ o E B Bk @
M3 7.35mg/L R FE %% T [ 2 KSR 5.70mg/L » F34944 6.24mg/L - 75 At Fo B ALK&
B3 114% » 3% T B 2RI RAK 72% » F3918 87% » KimAu s A ade 4 K BEEE B
IREA T BEAEE (00) AIEMITE - BEAL 75 REEHR— KRB LA
FHHEFE (N?) RIAERE 55 k4w 80 sk R i B

FRO1 (NOR1-2021-Summer)

Temperature [°C] Oxygen saturation [%] o [kg/m°]
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Practical salinity [PSU] Dissolved oxygen [mg/L] N°[S™] Practical Salinity [PSU]

200 110 8 =352 FROL oy CTD FRIRE I @ BH - B E BE KAk
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(2) FR 05

3525 FR 05 42 110 £ 4 Zf F Z oy CTD £R Bk o B 21 v 22 fiow - REHE
TR 490 k - CTDIERIEFE 456 % > ARG E £ 9.47-26.02°C2 /M » T3k 16.28°C -
B A 49 34.28-34.69PSU » 3444 34.49PSU - B K EE (06 ) 4 22.53-26.51kg/m’
Z f > F34E 2520kg/m’® o ERGRE Bk @MYL 6.67mg/L KR E & T F £ KR
436mg/L » F344E 5.42mg/L - KAt fe KBRS 100% » 2RI KK 48% » F3
69% ° KBAKFEARL S50 KR ZHABE T > BEA AL 50-60 KB LABETHE > £ 60
RUVERRBEFE EF - £ 100 kAL ERADME - FHE (00 ) f£ 60 K UREZBBEFA - #
AHEF (N2 ) 2 70 R AL FER RS - BRAAERAALERE 60 KAPNEE 95-100%2
Rl 2 60 RLUREIAME TR - 4 150-350 KR E B M 445458 4 65% » & 350 K&
HIRE I ABATE -

FRO5 (FR1-2021-Spring)
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Temperature [°C] Oxygen saturation [%] 0 [kg/m’]
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Practical salinity [PSU] Dissolved oxygen [mg/L] N“[S™] Practical Salinity [PSU]

21 110 45 Ew5352 FROS 8 CTD FRIRE I @ BH - B E BE KAk
BBt B (00) ~ FHEE (N?) fun B -

B E B 0% FROS S48 A A% B R IE 706 5k K - CTD EBIZEAE 700 % » KB 56 H
1 5.77-29.99°C2F » F34Ki8 12.47°C - B A4 33.74-34.68PSU » 73444 34.36PSU -
WMEBKERE (00) #4 20.95-27.07kg/m® 2 F » F3454E 25.82kg/m’ - X EEE K E
fit 2L 7.09mg/L &R B 3% %7 F [ 2 &30 2.98mg/L » F344E 4.71mg/L - /& A b Fe ALK @
%% 108% » %K HAK 30% » 34 57% o 42 FR 05 35258 B B K @ KR T &%
o ERE NO0KRRERS  RBEHTFE - BREEAMEALRE 75 KRR 5 HA
BAT M % (0o) RIBABALES > FH9E (N?) R 80 KRRER RS -
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FRO5 (NOR1-2021-Summer)

3
Temperature [°C] Oxygen saturation [%] oy [kg/m’]
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Practical salinity [PSU] Dissolved oxygen [mg/L] N°[S™] Practical Salinity [PSU]

22 1104 Fop 3 FRO5S 09 CTD RAIRE 3 @AM - @ RZ  BE » BAR
B AR E  BE (00) AR (N?) foBEE -

(3) FR 06
3525 FR 06 42 110 £ 4 FFu g 26y CTD R B Ao B 23 FulE) 24 AT - AE0EK
FEH T58 3k > CTDIEBIERE 709 % » KBS E £ 5.71-25.85°C2 /M » 3K 12.75C -
B A 4 34.01-34.60PSU » P34 {5 3439PSU - # B KB E (00 ) H 4 22.44-
27.05kg/m’ 2 fi} » F3444 25.84kg/m’ - B ERE K@M 6.82me/L KEIR & T [E
2 K3 2.80mg/L » <3448 4.68mg/L - & A A A EAE K @R & 101% > 2K IR FRAK 34% -
34 56% o 42 FR 06 3h 2580 K E g F R L T EMmUEH » 2 A0 KR URX T 5 > £ 47
RAERE R ABEE LI ERE 130K RS - AEZEREAT 2] 350 K URAR
BAETME B (00) SARE 40 skFv 350 KR HAMmAABM LS - FH3E (N?)
Al 55 KF 3] 5% - BIMERE 110 KFv 365 KR & A B NEME - KBA g A dafe

FE R R KR %) 55 kA 350 sk R 2B FRIEBABA T IF
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FRO6 (FR1-2021-Spring)

3.
Temperature [°C] Oxygen saturation [%] oy [kg/m’]
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Practical salinity [PSU] Dissolved oxygen [mg/L] N°[S™] Practical Salinity [PSU]

232110 45 F053E2: FR06 &9 CTDRBIRES M EH - 350 E ~ BE
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Chen41 (NOR1-2021-Summer)
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FR62 (NOR1-2021-Summer)
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Seawater temperature at 10m depth

Spring Summer
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AR gk Fa - BRI ERERE ( LIEHER - BHR APy ) RE (e
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Comparisons of dissolved oxygen measured by different methods

Spring Summer
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B 8 (0.004-0.008mg/L ) Fuskdk 8 (0.002-0.04mg/L ) R % &4 B3 fo R GIK - &7 Bk
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FRO1 (FR1-2021-Spring)

CTD measurement Shibala experiment 7
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FRO1 (NOR1-2021-Summer)
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FRO5 (FR1-2021-Spring)

CTD measurement Shibala experiment

Oxygen saturation [%] Oxygen saturation [%] Nitrate, NOg [mg/L]
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FRO5 (NOR1-2021-Summer)

CTD measurement Shibala experiment 7 CTD measurement
Oxygen saturation [%] Oxygen saturation [%] Nitrate, NO [mg/L] Silica, SiO [mg/L] Chlorophyll o [ug/L]
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FRO06 (FR1-2021-Spring)

CTD measurement Shibala experiment )
Oxygen saturation [%] Oxygen saturation [%] Nitrate, NOg [mg/L]
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