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Abstract

Climate change is expected to increase the frequency of extreme rainfall and typhoon-
driven floods. Such events can cause rapid mortality across fish age classes and generate
delayed demographic deficits by restructuring streambeds and habitats. These “tail-risk”
dynamics may elevate quasi-extinction risk nonlinearly, yet demographic resilience is
rarely compared among tributary populations within the same watershed. Here,
population dynamics and quasi-extinction risk were evaluated for the endangered
Formosan landlocked salmon (Oncorhynchus formosanus) in two tributaries of
Taiwan’s upper Dajia River: Qijiawan Creek (a remnant core population) and Hehuan
Creek (a reintroduced population). Analyses integrated long-term monitoring with post-
disturbance tracking, relying primarily on low-impact snorkel surveys to quantify age-
class—specific relative abundance. In Hehuan Creek, paired enclosed electrofishing was
additionally used to calibrate underwater length estimates and size-dependent
detectability. Age structure was reconstructed using scale-based aging with bootstrap
uncertainty propagation, yielding estimates of seasonal survival, recruitment indices,
and fecundity. These parameters informed a two-state (typhoon vs. non-typhoon year)
stochastic, age-structured matrix model to project 20-year trajectories and quasi-
extinction risk (defined as fewer than 50 mature females for four consecutive years)
across annual typhoon probabilities (p = 0.35-0.65). Both populations increased during
non-typhoon years (A = 2.2) but declined during typhoon seasons (A < (.5), consistent
with reduced survival of age-0 and adult classes and depressed recruitment and
reproductive output following typhoons. Quasi-extinction risk rose sharply with
typhoon frequency, increasing from 0.6% to 56% in Qijiawan and from 0.2% to 18% in
Hehuan as p increased from 0.35 to 0.65. These results demonstrate that tributary-level

differences in demographic resilience can overturn the assumption that remnant

I
doi:10.6342/NTU202600841



populations are inherently safer. Watershed-scale strategies are therefore supported,
including (1) reducing synchronous flood mortality across age classes, (2) enhancing
early-life recruitment after disturbance, and (3) maintaining multiple tributary

populations to buffer against synchronized declines.

Keywords: Formosan landlocked salmon, extreme events, detectability calibration, age-

structured matrix model, quasi-extinction
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Z AT S HEM(Ayphoon) * ENEE— F LGB AR A K G FEER
KA SRR A FEEE p (p = 0.35,0.45,0.55,0.65) LAFFAE#E
BREUETZIRRMRE  BRFERFEZ LT AdE LRI
3 (7-11 AR E B R AR EETIEERAFTHF ) LAk
N) c ABABBERARSENELRAK  AAREE—FEHKY
kAR EEREK) SO FEEHNY  AEELEREZZEAK =
1500 ind./1000 m? » & # 4 & N = ), N(a)RBARE LREF > A
B F ¢ = K/No 3 & F 8RB EME LB 4% (N(a) «
cN(a)) ° 142 = %] K(Wilcox and Elderd 2003) °
B 5] % E (ind/1000 m?) EATHRFE > BRUEROHBE
B F A BE 0 AR ) AR Btk BB IR B R Btk S EIRB
A& & & pr 3ok & B2 4 4 S48 50 B (Commission 2001, Morris and
Doak 2002) « #i# #A ] 20 F ~ HHEA 1,000 R EREHK R 2E
E R Z LBt -

(£) &3t BRaRg

PR BAMEIE ~ RRARIE ~ AU S 8453~ B AR AW
7 R BT B EMAT (R version 4.5.0 ; aarch64-apple-darwin20) ° &
FHAT R P e B X B3R tidyverse TAE A2 (4o dplyr ~ tidyr ~ purrr
readr) ©° 7R#E €M LA bootstrap replicates (n=1,000) /bt F3E F S
EAEE R 95% 1E B E M A5 BRI HE o 48 L 245 # 4k Chapman—
Robson catch-curve 2R #8453t » 48 B EH L FSA B4R X & ©
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RRLREMR BB FALER (BH% 1,000 k) &k
BREBAGERRL (0/1) RA-TFH;  ZREZEUBAEL
(OR) #2 Fisher’s exact test # & ° 3t LA =38 X, GLM A& % 5] ~ B
RFHFERIAFRHRRZDE - BEKRERTH 0=0.05 °

(N\)  FRFCFT S Aa 72 2 B

FRAREGRT BT LGN 2 BRI PEZFR » TBRIFEEIN
(AR E®) AEAARTETLAGHMZE (BBRWRGTS
1111701591 3% s B EZ %5 111 T4 0522 ; BRHEFTH
1130218297 %% s IEZ &I 113 FAH1 027) - AARNEHFRAEZ L H
(LRE%E - -BEREZ) BREMARLAE (S8E) #ITHIASL
/#HE > BERIFRBEIAE (REBE/RFE 11312804143%) ~ BEFHEH
FaBERRMAR ) HREFT (BRFH 1130003015 5%
1110002834) A K &R R AR ERRAR / HREHFT (KIRFH
1131005811 3% ~ 1110003283) - AR F R EREAE » CBIF R ¥
BEFEMMAZAE (BIATH 113141121838 ) - A EMKRE A
2k~ BE ERETH @R EHE -

11
doi:10.6342/NTU202600841



“R

AFERFZRZI5ER B AKREFE B R M RAS T 888 AR A AR
B E T E T B S o LR 0 etk b iR R 1 SRR RS R T
HFEHMFTE  MATRTAR L - R ST SHFARKE (REF/
JEREIRAE ) T Ak 4 5 AR R AL o STA5 R B MR B Ak Ak R T 6 2R BE BB SR OE
KB o

— G E B

BRI T A AT S B Rt ey AR 0 RAE LA A A EZ 2024
FEAHRBEBR T ETHFFERALATRAHBEATH  REFER KGR
BAMKBERMRR > BHEAFTE 03 B FHEE - LbRERE T ARE
FBEMNAE A RRIEGE L GRLE > MARARNRIEAHIHD 0 B
THRERREABA M BERE LTRSS E N REHEL -

AAXEREGBEEFERE > ARAEHAFEALLBREAEGAY
Pl SLAE R RS IR R FITEHBRE - @RMPERER > FHELOGR
o EHA g 2R B > B4 ARIEHAHILERS » BTRE
TAHBEBRBRARERSEEFREEBEZAATZLHAFOBE (HEE
—) o

TARMERES  RIEAGBEES AN FEREREA N ZRFROGFE
28R (M#%B =) - tEBENEEENKE (TAR10A) BERHHNE
BEAE > 211 A THRRZBRAEEMLE LA S8EN 11 AT 2R
AABERIE L LR ZHMEY - FEFRILEREV R TR AR TR FE
BB TRETGEFEAOS LA EZER > LFELHEA 0 2R — K
FEo R (HEkE @) o
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SEm (1 A) Al CREE0EHE SIS 56.9% (95% CL: 51.7-
62.1) > A#E O & b 643% (62.3-652) - 2HEEHKE (11
A) > mEROEE LIS TR M Agel+2+89 8 tbp| Lot - ¥ 5 80%
B3 e B 48R B (HEH : AgeO+=34.9% > 34.7-35.1 ; Agel+=45.4%*
39.0-49.0 ; Age2+=18.9% > 15.2-24.8) - Aa#b > £ REEAL 11 A0 0
# & B E (63.6% > 58.9-67.0) -1 1# ~2 & &G FEFEm EH - 385 &
FEFRERES RS ARG B R E AR H B R > Rk S ERE A H D
FIT 7 AR 6 4% 5 TR o

BRms  ZBAZRERBEAKRERETERREEEHRTEHE
B BTH—FETRASE S M RBFELIEIE G 0~3 B Fr i - B
Mo BEHREZHMEETE MAZTET AR B HLE > URFRILER
BB B —ERENFEEBEAMALH] -

OABE  RHNGE ML EREAEN T

AR B E 8054 > RS BB b £ R B A HOL £ JF RS R 8
BeEMF LT 9B Kk E (M) » BHAEGHET AR LARE NS
fb o URIER e FibBBEEAGRBET > WERAEFREEET S ZHKR
K (1) @ EREE =223 (95%CI : 1.53-2.65) > &#i% A=2.25 (1.84-
2.83) ; AMmARESEFETRELAYHRARE (A<1) @ £ REH%
1=0.405 (0.01-0.55) » 4 ¥% 1=0.477 (0.26-0.66) -

#;

BTEELMERFRRESEGHS > KILRREALARRS (1-11 A)
mIkReEE (11 A-Faf 6 B) eyn F@fEE - &R BEAE (1-
11 A) FEFEFLRMEAFERE (11 A-faF 6 A) » BEREALHER
REFERETR - A0EEAY  BERFFHFERALALTEER 0202 (95%
CI:0.171-0.285) > & ¥E % 0.184 (0.163-0.202) ; M JERERZE 5 5] A
0.616 (0.532-0.808) 2 0.615 (0.513-0.704) - £ 1 & & & ¥ > BEEFHF

EERLFMEIE R 0.087 (0.000-0.180) > &¥#iE & 0.131 (0.093-0.187)
BEJAZE R A 0.054 (0.000-0.167) £ 0.087 (0.047-0.149) (Mék&k @) -2
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BT RE T AEREGK (4 0.046) > BEREZMHE KR » RESECK
ARV B FEHEFRERATERMRE -

MAERE AW B ER ZREEHR THENEE o UFMIFHE AR E
B 4E B (Rfry) &o& 0 JERSRSE (2024 1 B) RSB ABESH A
1,492 $2 2,354 individuals/1000m? ; B&JE& 4 (2025 41 A ) BI T E 657 &
634 individuals/1000m? * #§ Rfry 2A 0 # & 755 FREAH B L ER > HE
DS B F e R AR RIERAEIRRSRE T e A S SRR A
i (Msk &) -

FeERORE T © EREEM I~3E e B mBE 3B 7.68 (95%
CI:3.28-9.51) ~19.27 (8.25-23.86) $1 7.86 (3.36-9.74) ; &-#% R A 3F
e 0t BB B HAAE S 0 0~3 # B 5 % A 0.48 (0.37-0.70) ~ 6.10 (4.60—
8.82) ~8.95 (6.75-12.86) #24.14 (3.12-5.98) - B&JAI& 153x (2025 F)

T MEREFRATAMEIT RO —EHER  EFEE 13895 B
0.61 (0.00-1.04) ~1.53 (0.00-2.61) $%0.62 (0.00-1.06) > &% 0~3 &R
% 0.07 (0.02-0.12) ~ 0.82 (0.20-1.50) ~ 1.21 (0.29-2.19) #2 0.56 (0.14—
1.01) (&% &)

G

nu\—

BESTREETH ARG ERETR  ERAHATAY
FE ) 5 AR T — B AP R S R N R AR AR R AR SR AR

A SRR R AR E LA R RBE R JERME G > b X
B HEA o
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=~ FEARBLER O RERUIE A AR R AR IR B R

B R IR RN B R (K2 BRTHANESF R A
BB, / JEREEGIK AE R AR B AL A 4% > 20 AL BRSO 0 B R AR
(p) EAGEEFZ I BB LEAFETE B ERBEIRIE
BHEBKR (HEEE Zae) | BAZHRT CREENRRYHNEHE -
EBIRBERIA R (p=0.35 1 0.45) TR T » WIERG T RakBF 2 4454540 3
Peik 3 Ao i NS E 5 F pRIE 0.55 2 0.65 85 > B E ZIRRF T FehA8
%o B REEEBENSEE (B Bad) -

AH M ERBHENE pimmimik EA (KB &) ° £ p=0.35
B CRBERSBIENEREBEE LA A 0.6%E 0.2% ; f£ p=0.45 B L5+
£ 7.5%% 0.6% ; £ p=0.55 b5 —3 FH E 25.0%5 4.8% ; M fE p=0.65 B¥iE
2] 56.0%¥%2 18.0% ° W R A EREBREESBE L (QI/HEH) 4 & 15335 An
1 &A73.0-13.3 (M4E 2 ) @ Bor R EAMEREIEREET
KEARBFHYERBRAR - ¥MMT 0 R R HRESEE W FRERE
B W I RAESFERTRECHRRIES @ REZE SR AIAETEET RN E
-3
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3

A RABEEBAAGRREETERN A (ERBE - SBE) HFHE
o BREFHFERATAER B TARKE (BRSF / JERRF) Rtk Fdréd
AR > UEILt R IR A AL B S OER TR T AT 28 H
AREBRBEM - MM T > KROVF=ZBETHEA ARG NE > F— 0 £
BBRRHBERE AR R ZRABAOFRERR » FERBEAR (b Y R EE
# £ Feg ) (Lande 1993, Morris and Doak 2002) ° % = » £FF A E BT QI
8 EIRBIEFR H 7N HEH > BT ARG B REHRZLEO AT RLRRIL - F
= REFBEATHEFEANGERLT » S RAREBARRERETHER - AR
Rl BRI B ik A MR ER KR > BILBBRRERERIELZ RN TR A
R EEFH AT -

— ~ ARSRIE IR F LA R BRI 8 JF A K

R R G FEMAL B BT 0 B AE AR LA e BRI SR A
B IE SR IENE o DU I AR B m Dt 50 BAF AR IRBER] 0 FROEM
8 035 £ 0.65 8 > L REERRE 0.6% EFE 56% 0 AEER B4
02% L2 18% ° BIxf HiEBA Fm iR e > FER Y RE L oy d
B SRR HEEARBE Y RRBAZATRARTA - AR e
TR REFEOTXEBRREART @ £ REHKF ik L FH(Lande 1993,
Morris and Doak 2002) °

o — JE AR dh SR 04 B 4 AR ] > AR SLEP L T AL R R 69 B w0 BEJRLE
KT BRI > R EBTREEGNRE - BHEEEE > LB
WAETREAEWE > EERFHOBEHMS B4 4 £ 15K (Montgomery et
al. 1996) © $+ B F#r AR e % 2E M 5 0 9P Bl # SIS R AV4R KA R @ 3L %] Rk
EREBEL > MTAEL 2 FLEUAEEFARARBMAET FOW AR
T PR Mk 42 2E VB 1 35 4S 4K 4B (Caswell 2001) - H b > A4 H3AFE LA SNERT -
EEREERNEBRERTHNE T MARSRILARIKERE > BER
R AR H SR R LA R 6 B 3 18 (Morris and Doak 2002) ©
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RBEIR G IFRERRCERERFT NASFABEFEOMBER - &
FARSRIEE) T » BB TRMERLABEL  AM—BHBEEHRFER » £
AR AR T AE AL 48 B F] 09 o & B RUAE 9 3B 5T RS n sk FH 0 A 4R
FERRAEREN > B EIERE NIRRT E4 N 0 1 T AR e
&R R F RARS ~ B HE E#UPRE(Commission 2013, (IPCC)
2021) o & JRUF o SR AE B R R AR ~ AR RARS B4 T O ERBER A T &8
REXETHE  EATHRERERFHRBEFSCBLANRATER -

= RRMA T B £ R SRR kL A B A AL F RBR )

K AREEMEFRT > tREEGEREBRRY S EHE » B aH
WRAE T EEEESR (p=0.45) WEEZIEE AWM - BEL RIS BE 0%
B B ARBGFRE LARME R RIEFEA T ZEM > THEE 54 B O RRH
Feo AoZEHEFE—MET  mAHEREGHBELE S AT - REHLA
FHAMB R - ARBEBHREREF S ERy £ RRAT > gk R oLk
B Fa] 23R 35 Fe] 64 8 B R A 20 K HA B (Vincenzi et al. 2016, Capdevila et al.
2022) °

HMARR L GTT > At EZRE DA REBELTHRENZERE B
A F R AR > AEREATAR T A T AR AR T AR AR
o & 9P JEE ~ ALK £ 4 # AR b (Chan et al. 2025) © 35 AR T RALER
S E AR TRE RIRR > AAEGZETARRBDHRD ~ HRET
QRS EE BMEARH ARG RS TR EREINE - A 2%
PR R T B R T G ~ A AL S e S R BROR R M Mk K A R oY ek
ER D BREFFFNERBRRGEHFZ > CTHRER) FHSBREAT T
THIRAE R R A HNE 0 A B wh 87 64 BEFF & R B iR B Mb(Beechie et al.

FE 3o

-

U

2013) °
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shoh > SRR AR R AR AR T 0 SRERFAEELEY
HMEEZTERARSNER>HE  BEARBTRERAVESTFRE
(ROH) # A fT8& > B nii MR B G 2B R R R R IT - ¥
AEREN— BB B BRATES ~ RIRABEHE —a)2%2F 0 B bR & 8E
TR AT Bk 6y R A 0RAE 0 BB T AR BHR AR LY R
R R T AF A 45 09 % BF (Lee et al. 2025) » 323w b > B 5B S 4
PRERENEREE > AT TRABRIREARRAEREAT RIS &M
BEGZE  RERY % M 42 R F(Frankham 2015) © %A@ » A% B AT % &
R BRI S A ROR A O R b 2 B o T Rt 4 B Bb AR SO R E A
B 50 AL A B BH AR 4 0 SRR T AR AR I B8 42 0 MIEVE A B R &R o B4R
HEEfesE LR BILATRFEHERERE > NELA—ROGERANIERT » BF
BN - AU 2MFEEIEAT 0 BT BRI S K

=~ BB RE T AT SRS TR RRE - RAELEEBET &

LBAEMERE T BRRGHEE L AURIZIE AT - § X BRBAR
BB SREE T R BRI REN | BERARRE RS A D SRR R
WO EERHEERR - WFEBRAERBBEEHE > FRABRLLSKT
Fat R kimE - RERE - RE - KRFPRLETHEARKEEZR > X
R K% £ & % (Hankin and Reeves 1988, Thurow et al. 2006) ° 3 k& v LA &
oo FHERTRA GG ERE/ FRE ENPERT HALENR
Iy B AE 3T 0 AR K B B R LR H55 (MacKenzie et al. 2002, Royle
2004) °

AR R R IE A TSR R 3R 3L /LR R M SR ITAERIES
EREEN > BUEF EHERMEASE EEAFHARKEGRIER
F > 3t A bootstrap #% R #E E AR B A 0L S AT RF AT o UK
A SIBE AN Te R R R B A MRS R R R RER
T EAAMAT AN BRI SRR A ERBEMZTINA
A% 3L 830 8. M JF B — Bh 4 3t (Staton et al. 2022)
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W

R ARIMERERFONERSE T ERAFORTEMAZERR
#e MERFEZRINGEEZNE S EERE > IMEE LR EREMA
P EF[E A RMEF AR T 0B 3R - MAARIM R AR LA BT RN > 5
RN T o ST REAR R 4 4037 £ (Staton et al. 2022) ° sbob » B E 4
RAKF S REARBATARE > RASRAMHTENS LA ERIFRHE
o RRZEZRI;AHRBRNE  RABO T LKA E XBRRBER s8R
BEHARERBA e BOUKRR B - RARELG SARAAKRE LR
(Waples 2022) © % #4556 %1% 2 B] (stereo-video) $AMEREAZ R EH (PIT
tag) * ERBELSBRBEAGLES L RREMN > HTiRAD 2GS LHLE
RRATFOEE > RIRCAELFRRIELZEARTREABAER - b
£RRAEEH AT ZHKH -
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W~ [ AEARS T4 TR A% IR T &%

FRBBRABHBEIEFE ZRIFSKUERER > £32 Loy r R A% &
TR T 83 RR >  REAREBE A R AR FAE - IRRGR R R
WA IR - BE 20 A BURARR R 89 N AR F R B4 A R B 2R
B RRSRE R 0 S B RE T 0 AR GBI E T K AR B
#4985 B ((IPCC) 2021) © B Y2 RBF 5 4 R AT 2R e Hl A8 58 - B3R F 4R
RERETRE G718 LB AR YA e K F > MRK ey eIt
EREAEERFHEERERSE  RCERRGEARBE THEYEHRE
% °

FE S LR R A S P RS AR ~ B KAL T KIS F MR T 0 A
AN BARE AR BHEE ARSI TS E > 4R K58 T
MR B AR R o B3R LT 4 38 2 KA B FT AR R 3l e ) &y e
Bl o do g ~ BAKE ~ BHZERT 0 9B A KR IR S 3 (Sommer et al.
2001, Morley et al. 2005, Bellmore et al. 2013) » 4% 3% & 99— AL AR AR &9 &
AR R A A » B %k WA kR ) ee) B 3 SRR K - sblR
HIRLAELAA BRYRER T RERAT  EEMBAENERSHRE SR
THHRE > BRI RGHEAZTHELAN L GRARE > K MEE B RLRR
EBEEHRFE M RRIEH -

ARBREL S RAMEZRARASTRA R FTEME - BEAABLLE
EEAMEFT F > RE R TR 2L E R B &Y R fx Wy SR 2 IRAEAE ) » B
b BN HERERETAEIREHALTHRFNALC YT RERNT
W S AR RETR TR PR ETATHBRG RBEE - §F— %
MEBBREMBR TR A — RS MAEETHLRBERIKAE - RBRRE
R R MW TR BEREREBRRHHE —FHIEANRRBIE
HARE mAM RS (portfolio effect > 78 =T 41 24 R 3k RZ 69 4% FR 3K JE )
(Schindler et al. 2010) © £ARART 2 H T » GHERBEAF R T REARZHHA
o2tk PR T —EEBE T ¢ B RN R E R T 23R8 B 4y kiR
BT 0 T IEAER SR T AR T AR R R R 8 B

20

o~

doi:10.6342/NTU202600841



£ BAE T RAS MR FE NN R R T RIREBF IR S
RATEY R BIEM - TBAEREARIT L CRERAZRARSHERETHE
BEHOUREARE > T2t FXEERBRFEREEY E(Leeetal 2025) ¢
FERLBAR ~ FREBEAHE R RG> SRR ABRIR SRR > T AL 4L
HmERBZOEN > HRBIOHERERS BRUAMEZR  TARH LR
fRAE 3038 JESLIEALE /1 > H 3 R R 7T 14 89 1812 ] E 1b(Edmands 2007,
Frankham 2015) ° 3t JF &R B #4069 — TR A8 - A A6 B R34
FEZR T AT ¢ B TUCN #9494 38 3 248 7 45 3] 4F A & Bl (Commission 2001,
Commission 2013) » AT Eibey A 0L PI4E (4o B BERAL B % 15 IRAE 3%

B) SRR (BEM - MR TR ERRAG) FAGRER - 4ot
3 I E A 0 M ARMIA RS BRI ERF R AT TR
(Armstrong and Seddon 2008) > LA f2 4% 3% F4F B 7+ B 69 kR 0 B BF SFAE A
BT R AR S AR -
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E SRR R R T

R R ABE B F L IERE R F- 09 — UK R R IR B SRR E » S A H#EE
AHBFE b f R A B IRBREE 4% B AR - ok ks SRR R B ~ SR
B HAFTHAREFMHER c ARLSEKES G R EIEAP ARG Ry
BIKIE > Bl VR BARMPIB Y RB A IGEAF AERE) » BRAGEHRANE
BB R A B R R th 4 5 0 B P 92 5T 4B 4 9 4 8.4 481 22 1 (IPCC)
2021) °

(T'

FHI A E £ B E R4 (density dependence ) #9R# T > 7R AR E
BEREZORBARBFHBYOENREED  c GRFPEREEERENEES
Bl BB TAEThNEFGHER - PRELEE - BB ERHREREHRE
B LA A B ARG R R B A 2 FE B e 4 A BB S o ) BRI AL K A9

Ba# » DB AEREFEEMBRTOERENE - A —F @ 5 &es
AR A GR ZIE GRS 0 KT Bl £ R - BB st
AU ZEQGILGRSER — e BHE T > & TR E RBAZ -

BHRRTERE RHLES WA - 0 R R A & 2B
Mo R AR S A — BB R BRI 0 RA I WG S AR~ A
oSt A G P F 0 T SRR A U B o SR b b BRGR A K 4
By VF A BB & Sk iR o A Ak T AR PR T B S S AR RAL S - IS
PH A A THREG ERAERIVE - HAAERS - BAMELMAES £

BRSO MSE R T » 35 KB B RN BSR4 o 2 — Bey B
CERS LR TN ST T Y § N PRy TP
Rt -
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R — 20232025 FERBERGCREZFERKRFRE - RFGEA 2N
%% (Qijiawan Creek ) ¥4 #k/% (Hehuan Creek ) #ATHIHRRFS) - Hix L4
FesBey (2023) ~FHBAAE (2024 5 1-10 A ) ~ REFHE > ARK T E
ey E R & (2024 F 11-12 A) -~ #IFRAREZA BFELTE -

Year Month Qijiawan Creek (QLJ) Hehuan Creek (HEH)
2023 Oct-Nov Fly fishing Fly fishing
2024 Jan Snorkeling survey Snorkeling survey
Jul Snorkeling survey —
Oct Snorkeling survey —

Nov-Dec Night snorkeling + snorkel survey  Electrofishing + snorkel survey

2025 Jun Snorkeling survey Snorkeling survey
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R = 20212024 FFERBRBARABRAH R HAZARE - REWIZRLE
%% (QU) #£4#:% (HEH) &4k 2: a4k B3 £ (individuals) > SRR #%
S 2GR R AERE (scales) ° B4 2021 & 2024 F 55 » 3oy thAkE
BB AR H RG] 0 RANBER FEE M -

2021 2022 2023 2024

individual Scales individual Scales individual Scales individual Scales

QU 85 58 45 38 67 66 157 154
HEH 156 86 43 35 134 117 395 382
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(2 = EFZM% (QU) 4¥%2 (HEH) W&k A2 MBI DS
BEBET c RGRAIBFRER S ZREFERR (Age-0 £ Age-3+) &9fERLL
B c BEATIE L > 1ERNA 5% B ER - TRMEERE A 2 - Age-

3+ A FEEE 0 05 3 R LA A ZR, -

Stream Month Age-0 (%) Age-1 (%) Age-2 (%) Age-3* (%)
QU 1 56.9 (51.7-62.1) 28.7(22.4-37.9) 13.5(0.0-19.0) 0.8 (0.0-10.5)
QU 7 78.1(74.2-79.5) 12.8 (10.3-16.6) 3.8 (0.6-7.2) 5.3 (2.7-7.8)

QU 10 81.6(78.6-82.8) 12.4(10.6-15.5)  3.6(0.3-6.1)  2.4(0.5-5.2)

QU 11 63.6(58.9-67.0) 19.2(12.5-25.9) 12.2(1.6-20.2) 5.0(0.8-14.1)

HEH 1 64.3 (62.3-65.2) 29.7(28.5-31.8) 6.0(4.8-6.3)  0.0(0.0-0.3)

HEH 11 34.9(34.7-35.1) 45.4(39.0-49.0) 18.9(15.2-24.8) 0.8 (0.0-1.1)
3 BT R BN A 95% EHER - *RE 3 RUE (53 K) dEH -

38 doi:10.6342/NTU202600841



Zw~ tREE (QU)) B4¥E (HEH) Z BiL&# Dt 5 58 & (stage-

specific) FE R - LRLERBRARBEEGERMOFEFHE (0-1)

- 1-11

A (&% /reRZE) 11 A-feF 6 A (A ZE) - #3114 & bootstrap = btk
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Interval

Stream (month) Age S_interval

S_monthly

S_annual

QU 1-11 0+  0.263(0.230-0.351)
QU 1-11 1+  0.127(0.001-0.239)
QU 1-11 2+ 0.073 (0.005-0.142)*
QU 11-6 0+  0.753 (0.692-0.883)
QU 11-6 1+  0.168 (0.001-0.352)
QU 11-6 2+ 0.150 (0.023-0.255)*

HEH  1-11 0+ 0.244(0.221-0.263)

HEH  1-11 1+ 0.184(0.138-0.247)

HEH  1-11 2+ 0.073 (0.005-0.142)*

HEH 116 0+ 0.752(0.677-0.815)

HEH 116 1+ 0.237(0.169-0.329)

HEH 116 2+ 0.150(0.023-0.255)

0.875 (0.863-0.901)
0.794 (0.492-0.867)
0.737 (0.584-0.823)*
0.960 (0.949-0.982)
0.755 (0.388-0.862)
0.737 (0.584-0.823)*
0.868 (0.860—0.875)
0.843 (0.820-0.870)
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0.087 (0.000-0.180)
0.046 (0.002—0.096)*
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0.046 (0.002—0.096)*
0.184 (0.163-0.202)
0.131 (0.093-0.187)
0.046 (0.002-0.096)*
0.615 (0.513-0.704)
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A B~ EFHE (QU) ®A¥E (HEH) %Rz ¥AM B 4&3t (BRA R B
X TFRHEH) - REBHFHEHAFE AL E (recruitment) % > £ 1 A

(%% BESFHRAOTHEAERE - £REE (QI)) AgeO+ BEE KA &
REBAIR BRI > FAEBE XA 0 ANMMEAHZEZR - S FRRYTFH

i e
Stream Year Age(+ Agel+ Age2+ Age3+ scenario
QI 2024 0 7.68 (3.28-9.51)  19.27 (8.25-23.86) 7.86(3.36-9.74) No Typhoon
After
QI 2025 0 0.61 (0.00-1.04)  1.53(0.00-2.61)  0.62(0.00-1.06)  Typhoon

HEH 2024 0.48(0.37-0.70)  6.10 (4.60-8.82)

HEH 2025 0.07 (0.02-0.12)  0.82 (0.20-1.50)

8.95 (6.75-12.86)

1.21 (0.29-2.19)

4.14 (3.12-5.98) No Typhoon
After
0.56 (0.14-1.01) Typhoon

I Eam b AR ST TFRE -
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AN -DREGERERET TREAS HERE (p) XETHRREHE - AP

£REE (RFPERALA) MES TR EEEAIEMRIER © HLLBIEER L
F#8E (QU) 2R%& > G¥LREEASEKEZ (HEH) 2K % - A 7-11 A 8
¥ B R AMTE >200 mm day 1F A% 5B RBRGE KB E 2P > AT AT
182 EAEOT ] o AF AR BEE) BB Y ROEE / JERSE S Ak 2 R 2
H A4 o

Stream Daily maximum Proportion Data period (years)
rainfall threshold
(mm/day)
HEH >200 mm/day 45.7% 1990-2024
QU >200 mm/day 44.4% 20162024
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