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Abstract

Exploring the Impact of Different Habitats on the Population of Formosan

Landlocked Salmon

This research project is planned to conduct field habitat analysis and
operational experiments in Qijiawan Creek and He Huan Creek. By comparing the
reproductive patterns and habitat choices of salmon populations in these areas, the
project aims to assess regional adaptation and distribution limiting factors. The
research team seeks to understand the vulnerability of an endangered species under
climate change, as the ability of a species to survive in future environments is one
of the core questions in conservation biology and crucial for habitat management in
national parks. The vulnerability of a species is determined by the degree of
environmental change, the species' sensitivity to these changes, its ability to recover
after disturbances, and its potential to adapt to changes. Therefore, understanding a
species' vulnerability requires examining its behavior, physiology, and ecology.

The first phase of the project (May to August 2022) primarily involved non-
breeding season field environmental and water quality surveys, establishing
sampling lines, collecting initial panoramic data, and applying for the use of
conservation-class wildlife. In the second phase (September to December 2022), the
research team completed the organization of preliminary experimental data on the
Formosan Landlocked Salmon. Field surveys and experimental breeding areas were
set up, with two sampling lines in He Huan Creek and six in Qijiawan Creek.
Hatchery box experiments were conducted during the breeding season, and nest sites
and experimental water quality were measured, aiming to combine water quality
analysis with hatching rate data to understand the impact of environmental factors

VI



on salmon reproduction at various stages. The team achieved preliminary results this
season. In the third phase (January to June 2023), the team conducted environmental
surveys and collected morphological data on the salmon, combining nest data with
panoramic data and proceeding with machine learning steps. In the fourth phase
(July to December 2023), the team will investigate breeding habitats and analyze
data collected over two years to present outcomes. The project results showed that
the most important life history stage for salmon is the hatching stage. It was observed
that lower water temperatures, even in more polluted areas, yielded better hatching
rates, while increased downstream water temperatures combined with water
pollution affected the hatching rates. The hatchery box experiments in He Huan
Creek and the waters above Dam No. 4 in Qijiawan Creek also showed higher
hatching rates, indicating that these historical habitats might be more ideal for
salmon, and the reintroduction of salmon populations could indeed aid in their
restoration. Deep learning results also confirmed distinguishable morphological
differences among salmon populations from different creeks.

In addition to understanding the physiology, breeding behavior, breeding
habitats, and distribution limiting factors of different salmon populations, the project
results will also simulate and predict the vulnerability of the Formosan Landlocked
Salmon under climate change. This will provide more precise guidelines and site
selection for future stocking and conservation plans. The research team hopes to
understand the key environmental factors affecting this endangered species by
quantifying the ecological niche space at different life history stages. This research
will enable more effective protection of the Formosan Landlocked Salmon in
Taiwan and serve as a reference for other studies on how to use the concept of
ecological niche volume to help protect endangered species.

Keywords: Oncorhynchus masou formosanus, deep learning, Qijiawan creek
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W A CRE CREHKT) RE

RWypE2 BT AT A gs‘é‘fﬁié ABAL FRPEL B GER
it #RECAe e BEFAPFE SRS (relative
occurrence) % #ci:AF ECETR CpH B~ REEHECE 28 B
S RF e o ¢ ik (mesohabitat composition) ~ & &R el Fa s
ARt 72 ¥ (Hsuetal 2010) o gt » A& 3 30R0B ~ ROFE S IR
R EAER P HE R ER P @ iButton ((RIEEEE) E
KB o #-iButton A kAN > L ¥ 3T oRARE o M 4K B 2R LT 5 F 2
CEEL R TERENFATRALRERKESER (R ) o
1995 2021 & T5 o o F o pIEER s L2 R T R e gL B LB g oK
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3 orxmtid 0 B8Rk V& T v iButton > F AR A iE S £ ATHE R w R A
By AP A 2022 ~ 2023 # ek R A e AT F 0 ROPIEE L BEA
BB T RIEE CRE 9" TAL 120 THHRGE o kiER Y L 4B R
BRI BECTES P EMSESERT e R R
(HYDRO-BIOS) -k & L+ 25 Fpl £ > 5487 0/ H &y B 5%
SoniE o K ERIER* E Z pH R E ~ET AR (BN @ * HORIBA U-
0% $fcL 45 KRteplk) ~Ap@ER (&% Xylem pHotoFlex® STD ¢
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& ARG A AR AR £ R %

‘meiv £ (Whitlock Vibert box) 3 f7F b jpl3d g dg it Feh j2 2 — o
g R - AL A BRI e G F I RTRE LB £ R
PR 5 it B > TERBI ST R (BN ) o Higw 2k 5 e g e
ErABELCEL O CREREFIE PR ORFEZEF ERMIIE L FRK
T U E TR EF F o MERAEA RN g RE e F A TRIb S €
Wipe RIER TR a o B gzry 375
BAINEREF ) o A anFir o L £V UERBEFRAE Gy RE
F X Iw 8 —‘F*f sdf & (Whitlock 1977) -
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)
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G
=
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ay
=
‘?‘7‘
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B~ - it £ (Whitlock Vibert box )

ﬂdﬁ'ﬁfff—f“ﬁ? (Jé]) By R ('fé]) ,l‘ibb#ﬁ?;§7}\/:i@ﬁﬁ:‘§;€?
gt o (TR AR A344)
16



A 2022 % 110 163 20 p BFxr = %2 (n=16) & & g% (n =
10) 48 26 % > 2023 & 11 % 28 3 30 p A > -~ ;% (n=2) &2 & % (n
=4) EHEOH > £ 2B » BHREFEXRIBEL £IFL 245 0 2 = B
v g% 253525 pd#bend BRI A EE R P> T E @Y 2400 B R ¥
KE 30 séEk - R iButton o R crd L8 BRI A e RS BV

WAL NSRRI AP R Y ETE L AR R DEBIER S

10-20 > A e > e r it § R R ERE OTHEELETIE Y G £ RS
DI km BP0 30X K2 3F(s 0 B £ SRR B T E R
=R G S BAEEE o TR £ () NE B

o (f88p) o A BRI - KL g pH B %3 CET R R

ARBAERIERFER - RE R E s it 5« 1 f8is » &2 R
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- Payr BB AR LRES

Ryp s T RE 2022 2Hp P gFEL (2022/5 7 ~8 7 ) B 2 Pk
MALEELH 0T AN e 3 6/19~6/21 P RS % - B bAE o E AT
TI24~7/25 p =& 7 - x4 % o

19952022 B FABEHAH OB BT R E RS REEAS LS
Wicdgrapbirmit FnFF E55 € - FAR ~pHE ~ RIE - #7121 2022 £ 6
TP REAP A REPEE EEEIIBREARE i kP TR pH E
£ TS i (- ) o

A it 4 2021 & F AR e et E 0t 2021 E A E R 2022 E % H cde
BIRBEEFMER T IveF A E Fr BB Ey v NN ERY &

FEIT 2L TR 5FpTERESE
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- tpEic B Ak TR TS
2 pHE > E 7 A (Conductivity) - imig (Velocity) » enTiop|E & o
(FR KR AH)

Conductivity )
2022Jun-Jul pH Velocity(m/s)
(ms/cm)
K (n=20) 8.06 0.08 0.2
=~ 5 33 (n=20) 8.61 0.16 0.49
= 5LHE (N=6) 8.22 0.12 0.53
= & iE(n=25) 7.99 0.16 0.60
B % % 45(n=6) 8.31 0.18 0.60

ho oo FOREARE pH EREFN R
(gﬁr}—‘izﬁt D F ¢ A& 2015, 2016)
2015 2016 2022
= 5UIE 6.9-7.6 7.8-8.2 70-75
g ] 7.3-7.6 7.6-8.2 79-8.1
- 5L 7.6-8.2 7.6-8.3 15-7.7
A A 7.2-8.0 7.7-8.4 8.0-8.1
B = ?‘f‘ A 7.6-8.3 8.1-84 8.2-8.3
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s 022 ERAEDR S HRPBESA R

Py BB 2022 & 98 27 p B4R AR AN BB N EHRR
(B - ) e 30107 2 110 B30 1 RFHEAITE 2 R B8k
C S RBES EEESBEEKE (R4 - )~ kY R R
3% o pH & % cie 73 ciplE o

\\\

E‘f-ﬂ\

- WL TFE Y RINBF E AR
EEERBMAERMARISE VR EI A E EkE (27 ) o At
%%ﬂ?éﬂAé%#%m BAwRAFER S BE (FEET) piEL

s o RFEALEEFRDRELY o RO T RRREBERA T G AP
fPARE > B A4E BORE S R o 30 BB MR RIBEART T B
Bde AR L 1537 A = & A 45 (principal component analysis - PCA)
TEBH A e W iRB B KBRS EE W4t H - PCA T M%’gd #5
DHEEZE? TR FTROREENFe 2 BT A MARET ¢
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220 RAER B

e E HRA 0 R AE A

AR ER
A LR

(m)  (m)
& LK R 2600 440 24°9'47.58"N 121°15'11.31"E
LECE LS 2230 1100  24°11'22.94"N 121°13'55.46"E
= REET B 1900 510 24°23'54.36"N 121°18'24.24"E
= REEZ B 1830 840 24°23'32.60"N 121°18'32.62"E
= REEC BUF 1780 1200  24°22'56.56"N 121°18'36.81"E
= RBE—BLNE 1740 290 24°21'44.26"N 121°18'40.89"E
= RIEAEA AR 1710 430 24°21'19.10"N 121°18'47.80"E
- REERA R4 1690 580 24°20'41.56"N 121°18'25.51"E
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Fwolnc RENES L EOERIE 2 KR
Tmax + p & B8 > Tmin = p & <8 >» Tmean = p Ti=2-k8 » DTR & & = p

T 3278 & §~ & (Daily Temperature Range) - (F# k& @ #3+3)

W a Tmax Tmin Tmean DTR

" (°C) (°C) (°C) (°C)

EEGE () 9.0 8.11 8.57 0.89

2021 EBEE(T) 11.98 9.61 10.39 2.37
Oct-  $¢Lig % 11.06 10.25 10.63 0.81
Dec - oz 12.77 11.04 11.59 1.73
B SR AR 14.07 11.78 12.63 2.29

EEGE () 12.3 10.44 11.35 1.86

2022 EEGE (7)) 15.88 12.12 13.41 3.76
Jun- ek 15.66 13.34 14.18 2.32
Jul = REE 16.78 13.68 14.76 3.1
B SR AR 18.44 14.52 15.98 3.92

&EGE (1) 10.42 9.20 9.71 1.23

2022 EEE (T) 13.38 10.49 11.40 2.89
Oct-  F¢+lid % 13.85 11.99 12.63 1.87
Nov = g g% 14.24 12.46 13.09 1.78
B SR A 14.74 12.35 13.15 2.39
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#7 12022 &R vk B R B F S
#3pHE-k? 75 £ (DO, Dissolved Oxygen) - %% & (Conductivity) -
s (Velocity) - -ki8 (Temperature) -~ #'f&% (Nitrate) Jk & T 300
AR o (R KRR A3 )

DO Conductivity Velocity

Temperature Nitrate

ﬁ?fﬂ pH

(mg/L)

(mS/cm)

(m/s)

(°C)

(ppm)

&%
-k i 34
(n=30)

8.06+0.04

9.1140.06

0.0840.00

0.134+0.05

8.1840.08

2.10£0.13

&%
ol Eo
(n=63)

8.331+0.01

9.0740.08

0.1140.00

0.2540.03

12.1240.05

3.9840.08

= R
= 5UH
(n=2)

8.37+0.04

10.37£0.53

0.1240.00

0.2540.22

11.9440.03

2.03£0.07

- RAE
Z5E
(n=47)

8.38+0.01

9.1040.09

0.1640.00

0.36+0.05

13.1240.08

2.36%0.13

= RAE
= BUE
(n=28)

8.26%0.02

9.0840.12

0.1840.00

0.4240.07

13.61+0.08

1.97+0.10

= FBE
]
(n=12)

8.27%£0.07

9.1140.12

0.19+0.00

0.74%+0.17

14.62+0.07

2.47£0.08

= RAE
B4 A
(n=70)

8.431+0.02

9.2140.05

0.1840.00

0.4440.05

13.7240.10

1.85+0.10

= RAE
QRN 82
(n=10)

8.39140.04

9.73+£0.24

0.1840.00

0.71+0.13

13.52+0.21

2.414+0.26
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BeF 2 ERTRE (FRKR 2434 F)
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22 AHMAER SRS HAKER

(F# %0 0 30 %)

1 R AR R R w3 (m)
B 644 24°23'57.76"N 121°18'19.60"E 1896
v B 567 24°23'58.18"N 121°18'19.43"E 1896
R 643 24°23'34.86"N 121°18'32.01"E 1837
g ¥ 635 24°23'34.33"N 121°18'32.00'"E 1837
R 182 24°23'23.87"N 121°18'36.65"E 1813
R 280 24°23'23.34"N 121°18'36.41"E 1813
g ¥ 624 24°23'17.13"N 121°18'34.83"E 1813
R 510 24°23'17.61"N 121°18'34.86"E 1813
ER ¥ 634 24°23'15.92"N 121°18'36.44"E 1813
ER ¥ 422 24°23'15.37"N 121°18'36.16"E 1813
- B 628 24°22'56.39"N 121°18'37.06"E 1786
- B 432 24°22'55.96"N 121°18'36.84"E 1784
- B 332 24°22'52.33"N 121°18'33.52"E 1792
- B 420 24°22'52.95"N 121°18'33.67"E 1793
- B 361 24°22'44.16"N 121°18'36.77"E 1781
- B 571 24°22'46.02"N 121°18'36.30"E 1781
- B 622 24°22'37.51"N 121°18'37.51"E 1781
- B 630 24°22'37.38"N 121°18'37.18"E 1781
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= 637 24°22'32.07"N 121°18'38.21"E 1781
= 606 24°22'31.37"N 121°18'38.22"E 1779

- B 580 24°21'52.60"N 121°18'42.45"E 1754

- BLH 611 24°21'52.50"N 121°18'42.57"E 1753
BE b AB 357 24°21'19.50"N 121°18'48.20"E 1718

B A AR 598 24°21'18.70"N 121°18'49.00"E 1713
i 242 24°21'10.60"N 121°18'42.30"E 1697

B A AR 623 24°21'10.90"N 121°18'43.00"E 1697
B R AR 639 24°20'40.41"N 121°18'23.11"E 1690
B R AR 564 24°20'40.78"N 121°18'22.86"E 1689

& BE KR 276 24°9'45.53"N 121°15'5.04"E 2601
& ECIE KR 2173 24°9'45.50"N 121°15'5.27"E 2598
& ECIE KR 413 24°9'44.77"N 121°15'3.41"E 2583
& BE KR 615 24°9'44.80"N 121°15'3.21"E 2581
& B K 645 24°9'44.60"N 121°152.98"E 2581
& B K 658 24°9'44 46"N 121°15'2.76"E 2581
& BE KR 44 24°9'44.36"N 121°15'2.62"E 2581
& BCE K 189 24°9'44.33"N 121°152.51"E 2583
& BE KR 632 24°9'43.11"N 121°15'0.06"E 2578
& ECE KR 629 24°9'43.06"N 121°15'0.19"E 2576
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L EE K R

371

24°9'43.06"N

121°14'58.56"E

2580

L EE K R

556

24°9'43.08"N

121°14'58.43"E

2580

EEESBE

608

24°11'18.72"N

121°13'51.63"E

2225

EEETBE

607

24°11'18.91"N

121°13'51.85"E

2224

EEETBE

267

24°11'19.83"N

121°13'53.08"E

2220

EEESB S

566

24°11'19.91"N

121°13'53.26"E

2220

EEES BB

274

24°11'23.01"N

121°13'55.58"E

2217

b BCE S B

55

24°11'23.37"N

121°13'55.70"E

2217

EEESB S

593

24°11'30.34"N

121°13'58.97"E

2215

EEE B

612

24°11'30.33"N

121°13'59.86"E

2214

EEESBE

588

24°11'29.51"N

121°14'4.14"E

2212

EEESBE

600

24°11'29.29"N

121°14'4.40"E

2211

EEELXEE

575

24°11'28.02"N

121°14'6.10"E

2210

EEES B S

640

24°11'27.81"N

121°14'6.92"E

2210
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