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2% kR AP ) Lebourges-Dhaussy %5
ST K B, 4 G 030 3 1Y) JE W5 0 1 Bl R Vg 1
FHZEh &t EERE AR A G, RIH
HERMARESRANELEGYRIEZ —, X
7N A A 2 o A A 2 R 4R, AN
FAE G AL R 16 A6 i B A58 1) 12 g
HH, T2 L Z R e AE W) R AT U DR R
JEI S (8] 43 A SO 5 A pe e B M 2 [A] Y O R Y
WFRAIRE A . BT, ABF5EFRIAH 2011—2020
AT [B) P EJY R A V) 7 A A B L Y R A
2% 22 1 B (chlorophyll concentration, Chl)Z¥f45%
B UL N BB V446 £ 30l 2% 5123 (Indian Ocean
Tuna Commission, I0TC)¥K: & 4 46 ff1 ¥ H B ¥ 55
Z MR BEE, SR AT in g Y (generalized
additive model, GAM), 77 T KIE &t far=ht 5
TR 25N TR, & T IRIEHUZ W
3 B FE B (suitability index, SI), Jf#E—454
SST #l Chl WEREE AR AL T 22 DH 1 B B BEVE
K 4 M £ 475 5 M8 L (habitat suitability index,
HSDEEAY, DIXF b4 A DR 1 I 2 23 A 5 BB I
T IS5 5 0 B BE VR K 6 4 40 f0 35 TG 2 b 1 5
M), ASBIE 5 AT A B EE VK B A 10 B8R 3 A A 5
RAF N Z% .

1 #MHEFE

11 HiEskiRSAE

111 F2EEIE  AURITCRAWN A 28R R A
WK R i 72575 WL 52 4t (Australia’s Integrated
Marine Observing System, IMOS)H 1) 4= 1) 75 24 1
MI31-4 (https://portal.aodn.org.au/)" ), ZEHE &4
BT A SRS A Y SIMARD £
F PR HY 38 kHz 75 22 Kdl, A4 ES60 K EK60
RIS, HAHG AR e TR A T,
SRR AL PR IE T MATLAB R2020a SEAL, K0
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T2 5 3 R I ) I 5 Y P v A [ g M
PR | FREE I ] PR M s | 5 Rk i R e 4 1)
MRS R AT AL B, R A B e
gy BT R KB B (1000 m)< T B HE B (10 m)FY)
IKARPRFRS 18] B 58 & (mean volume backscattering

strength, MVBS, S,), f{ii: dB, FHHr 3 E /KRR
TKEGIE R 20~1000 mo AHSCHFFE IR, T HL TR
HI AT 2% (nautical area scattering coefficient, NASC,
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Fig. 1 The spatial distribution of NASC values of
deep scattering layer
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1°x1°F 5oxSoP F

1.1.3 IMEHHE  HIEHCT SST Al Chl % 2 4
Mg R AL, Bl ok A AF S i O )
(https://data.marine.copernicus.eu/), 5% [A] 43K N
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f 23 1) 6 FELVE g o X B, 5°%5° R 23 [a] 7 %,
AW T B A 7 1 50 A P B0 o A 1
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Bf B FN 25 (] A PCBE o SRS, R TR]— > A% P B 4
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#& 53 Ao B EE R AE R BRI LT ArcGIS 10.8
A58 o

10° 50° 60° 70° 80° 90° 100° 110°E
S ;':E::::::: .E: selttestete N

20°

30° 1%

{Q B S B ] '.

TR ° 2
o RIFRUIZ deep scattering layer o KAESAEH Thunnus alalunga

K2 BEEHUZ S5 IS G £ i FR AR 9 25 (8] 43 A
Fig. 2 The spatial distribution of resampled deep scattering
layer and albacore tuna yield
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2 HR5HH

21 GAM &R

W1 in, WY VIF KR Z5 5, whoe b i
PRI 3 AT 19 VIF #/8F 10, #Ba] 2 5811
P 3 . AR 4 2R i 5 B VE ] (Akaike’s Information
Criterion, AIC)?%, D) 6 45 4 f7 1) 7 £ g Wi 17 728
o, RUGEBCAANE T . AR 3 AN T
1T GAM 43#r, S5k 2 pin . Hrp, AR F
GAM # B Chl 19 Rt 22 i B R I K
(27.40%), SST 1 AIC {HHz/N(773.90), FHH A
FE A, Chl A1 SST YR T InNASC., P
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T 22 i e % 0 K (36.50%), InNASC HI Chl 414
1 B 2 i B R 5% /1N (30.20%), B InNASC
5 SSTAH AT HABW T4 1 GAM 5347 o
3 AT GAM BRI BRI I 25 it RE R R
42.60%, AFTAREI R, £ InNASC 1E
FF AR R I, $& 5 T I X Al
7 B O A R R

K& =i {En GAM 45 R BR (& 3),
TR B RIS R a XK BB A A - i
()5 ) A AR ], B 7™ s Bl 79 FR1 = A 34 e

N
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1000f

T TR, WikEE SST MMM, 7= &2 HF
ST RSO

®1 KELR&™E GAM KETSHIE
Tab.1 Albacoretunayield GAM variable selection evaluation

BT Alc @y MEMRRER Ji WK
model variable AIC values efg{gﬁ;&zn K+ VIF
Chl 775338 27400 0216 0.012  6.989
SST 773.901 26900  0.225 0.006 6.085
In NASC 783.779 7.820  0.046 0232 1.452
ChI+SST 770.123 35200 0268 — -
Chl+ln NASC 776420 30200 0220 - -
SST+InNASC ~ 771.153 36500 0293 — -
SX;SZSTH“ 770.123  42.600  0.330 - -

x2 2021 FRESGRATEERETHS M
EHEREXH ST H
Tab. 2 Distribution of albacore tunayield in 2021 under
fishings areas with different HSI grades

3R B /%
HSI proportions of fishing yield
1 2 3 4 5
HSIsstcn 2.46 0.52 3.83  46.76  46.43
HSIianascisst - 9.72 7.52 33.55 49.21
HSIinnasccn 0.78 1.84 11.59  46.59  39.18

HSIinascsst+chi 0.78 1.68 8.88 52.38 36.29

)
2 —~
=
g 2 2
5 o = s00f g o
=" & =
f{—soc- H% ~500¢ gg_looo_
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B R 229 B InNASC MR IR/ C SST 432 /(mg/m3) Chl

B3 AN [ D7 o B A ™ 1) 52 TR S8

Fig. 3 The effects of different factors on albacore tuna yield
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M2k, SR STBIARIS KL 2k DL R St 45 5 I
K4, Z5RER, B SR SHUE 51 5E
i BRI, BT A AR &

FAEME, HHSETER RN Chl (RP=0.978), el

7 SST (RP=0.874), Hirr, B[ K68 440 i

SST [ 18~20 C, il HUH )2 1Y 75 27 5% B i il

(INNASC) &y 11.5~12.5, #ifi Chl Ay Bl A

0.107~0.197 mg/m’ .,
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KBRS YA 8 T WA BT HST AR Y
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3 AN HST B, B HSIssrecn . HSI,
NascessT+ HSInnascrons HSImnascsstone HSI A5
R TN ES R 5 R, K68 S i S 1
1B I8 H X (HST>0.6) 3L 48 43 A5 1 20°S~35°S 2 Jil,
Hore W T B X S (HST>0.8) A /3 i 7E 25°8~35°S
Zal,

WAL 2021 AEWFFEHEE R K B A £
wH, LR REERAAY &R 41 Do S TXF I
4 AR HDAR T 5 et f0 7 S DERCRR B, Seitar
Br T R —¥a X ANIF) HST G pgya o= & ke, 45
REWIE 2), 5 HSI HH (%Y 4~5, HSI>0.6) F
FREAR ™ B o AR SR R AE 80% M LA L, H
H R BN N AR TR A HSTgsrecns, M 93.19%; H:
K& HSIinnascessTocn, N 88.67%; HSIinascecni Fl

SI=EXP{[—0.061x(SST—-19.935)*]}

HSTiunascesst WA 50H 85.77%F1 82.76%., H#:T
I, PE—0 T HST SgeualX N, HSI HY5
2021 AR AR f0 7 B 2 (R AH e, 2SRRI
(¥l 6), NASC 5 SST ###% = HSI ¥a X 4t 28 4,
HSTjanascrsst 5 2021 45K 8 4 46 £ 7= 5 i AH ¢ &R
e 0.542 (P<0.001); H¥X, NASC. SST. Chl
L[] R AY = HST A X 3 29 4>, HSInnascsssTecnl
5 2021 ERKEESM M REMHICRECH 0.400
(P<0.001); NASC 5 Chl f#4# Y= HSI #alX 3 31
A, HSInnascrcn 5 2021 K 6 446 £ 7 5 10 A
KZREHN 0.105 (P<0.001); 1fif SST 5 Chl #4#f)
fm5 HSI #aIX 4 26 4>, HSIssrecn 5 2021 4FK g 4>
¥ 7= (A 56 R BN —0.009 (P<0.001), M 6k

SI=EXP[-1.558%(InNASC—11.962)*] = _ 2
10} R=0.877 . 1.0} gm0 874 . 10] SIS0
0.8 0.8 0.8
7061 7 0.6 7 0.61 e observed SI
04} e observed SI 0.4+ e observed SI 041 — ST curve
02} Steurve 02} SI curve 02
ot - ! ' ' Qo—s"20 . . . .. 0 > - .
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Fig. 4 Suitability index fitting curves of albacore tuna yield to InNNASC, SST and Chl
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Fig. 5 Distribution of Indian Ocean albacore tuna HSI from 2011 to 2020 and its actual yield in 2021
a. HSIsst+cni; b. HShinnascsst; €. HSIin nascrcnt; d. HSIin nasc+ssT+cni.
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Fig. 6 Correlation analysis between Indian Ocean albacore tuna HIS (HIS>0.6) and its actual yield in 2021
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31 MEEFXENEFKESREHSHA RN

H 1 3 1) STASE A il e (&1 RS AU 40045 K5 B T 0,
ENEEVE K #4015 SST. Chl, InNASC %5 3 fih
BT T S A7 7E 18 35 1 35 8056 & (P<0.001), 3%
BH 31— TR 4 1 5 BRI TR 8 405 5 4 b g WD
TR 8 4 M 0 7E 45 R B IR T A0 I 1 R Ak
B 5o, MALA B i 2 ml g, BN K g 4
Mo At F i B SST JL [ 18~20 °C, Feili B2 i
AR Y InNASC o 11.5~12.5, #gii Chl G
4 0.107~0.197 mg/m’,

AW AR ZIFT K, KEE 4 mfE
L5 Fd iR A ey S B —E RS 22 R
kPR E P s R, BRTTERK
8 4 M 10 (14 53 SST 36 FEIFIAE 27~29 °C; s
MIBIEFEIA R, 6 2R AT K 6 4 AR i 5 VRl
W5 253 A 1E SST N 24~29 CHYHFEL . LA FWFSE
I 9 DX R — A /N L i 1) B ek . 5K 5B

SOV B STIA N, BB U K 0 4 A 0 I 0 IR
FEAFFE W W i 2 AR b, i & T Rl IR 4
fTE 27.5~28.5 °C; 4FL ¥ H 5ol iR s i 178
18.5~19 C; . HFEHmRiGIRE MM 17.5~
18.5 °C o 5KV 55 251V RIF 5 306 BB A4y B0 JE 3o ¥k el A
FEXIREE K, FRETEFEN 20°N~50°S, ff 5 i 4
G, TR RE ST AR W, M 33
B BE PR AR 06 4 40 0 70 45 T A0 00 IR B 1 i
FLRE 225 o AW v K 8 A £ 6 8 i Ao
TN 18~20 C, Sk B GO i el Bh &
Fad U H s IR R T, W WA T A B RGE
TELEE o TP SB[ RUBE 25 57 AT B SR B
. Chl JEH8/R I PRI Y A Y A A
R bR, HA AR Bl vl R Wi R S W A
BRI BCE M B A, TE K 68 S 40 i
SHBETE oA B2 R . gk 5 2O i
RERW, EFTAL, KESHA Chl il H
JLFEI7E 0.04~0.22 mg/m® Z [A] 484k, AWF5E, K
g4kt Chl o HIEFIZE 0.107~0.197 mg/m’,
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5 FaRWE S A A5 RARAE, [R5 A v S K
fi 4 A f0 35 HL Chl Y8 B IR R 45 SRR T
—%,
32 FEEFHIEA SR RS R PR A

Lebourges-Dhaussy 25" RFSE & B, il Kk
PUVEFIR (0°N~5°N, 10°W~20°W)4x i 1 #a 37 (1)1
%5 [R] st 30 12 96 38k R AT f8.(Minciguerria nimbaria)
(R A RN 0 . A G, R T IR L 2
5 i 1E lEA —E BRI OCE . ABT5E
HEEN GAM rfr, RUIRIEHUNZ S50
B T2 A it m TR M B, HST ALY
T 2E Rtk — 20 R, RIBHUNZ S SST M4 &
(4 HST 48 %505 = HST S5 90 AR ™ i HA die i Y
FROCHE, UEWY T BRI HUN 2R A R
g 4 A = AR SRR JE R . BRI, KR
B R — B IR N 7, T R0 U 2 R
F B2 [ A AR TS B EE A T MR Y HST
T, R —Bh AT AT i E I B IR A S Y
o BLAN, FIFHF 2B IR VAL O ik PEAL B Ar fa
R BE R, 45 G B I R, IR TR
SR 0 N TR B ST RS, ik — TS
2 M3 S A HIST BT Al J2 I 7 24 B 40 (AT
S PEH B EEE 7 1 . 40 Hanintyo 2524 ]/ 24
P BE, 45 A S K B (maximum  entropy),
Sy M T BN JE VE B R S i s g /N AL 1)
01 288 1R G S5 b 35 I P S B 23 A A RRAE, AT
Y 3o P9 O TR A3 20 A o Watkins 25101 R A
WA R, 0 SR R ARG O v, A5 A
PRGETFFBE, AT T R B S 0 ) R A
LIS i

TESEBR IR, P 22 B AT SR T i 3 R A
DA BB BT A5 T R, B A, i M bR
WRCNITRE, MR, MR H A i P 27 ] A
B () 23 (] 43 A Ju B RO W B . AR5 R 191,
BARBLET 20112020 4[] 10 4FA975 2250808,
ENE 2 e LI B E 1, A5 XAV 2
TR A 5 R A I Y A s, DR
Z WV E AR A 1 B FE A R . E R A
W5 P 22 Rl AR 0T AR 4ok B B B VT Bl 4
o, PRItzs o] B ANBESE A VCHD [RlR), 72
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Study on the habitat suitability of south Indian Ocean albacore tuna
based on the deep scattering layer
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Abstract: This study used a generalized additive model (GAM) and habitat suitability indices to study the
relationship between the Indian Ocean albacore tuna (Thunnus alalunga) habitat and the deep scattering layer
based on the fishing yield data, acoustic survey data, sea surface temperature and chlorophyll-a concentration from
2011 to 2020 in the south Indian Ocean. A comparative analysis was conducted on the effects of different
environmental factors on the habitat suitability index of albacore tuna. The GAM results showed that the deviance
explanations of the combination of deep scattering layer, sea surface temperature, and chlorophyll concentration
were the highest at 42.60%. The highly suitable areas (HSI>0.6) for the habitat of albacore tuna were generally
distributed between 20°S and 35°S. The highest correlation between the high HSI level (HSI>0.6) of the
combination of deep scattering layer and sea surface temperature and the yield of albacore tuna in 2021 was 0.542.
The results suggested that the deep scattering layer improved the variance explained by environmental factors on
the yield of albacore tuna and had a high correlation with high catch areas. This study provided a new reference for
the distribution of Indian Ocean albacore tuna resources.
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