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diversity, )4 0.001 1, 5 30 H AR w1045 2. BEAR M 8L 0L R B (F)/NT0.05, K (N R 1L
R L35 99.14% . 8L R 2R B, HEUAR RS 22 g 1 sh 9 sk 4 R 249 2y 46 700 4F 1. AR ST HT RN
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FESES: S9174 XHERARERD: A
2L x A (Dosidicus gigas) H RKIFEVEZ Bk
FEIE BRIRE Y SR L T R A vl Y S
Pixt gz, ZEE @] AR 125°W LUK
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REPERE (LR DL a0 P R IS T fie ML S RERE 1 B T RO, I, AT
W SERFIZRLIR CO | LD KTV R

SRS PRI AT TR I (52 5 B0 A 0 £ 40 RV % 15 B B 7
M 2 P (M 2% TS B . R HOERP T2 G R A AT S e
SRR P ND2 S BT R IR T S 4 BT A
BEVRIOI {52 | BeBIZE T ot /3 PR T
R R ., EAs Ay L A
WML 3 DI M AR T A B 11 AR
(e, 5 B R BRI 1 525 1038 15 S5 0 25 T 00 T B T T A
(0 BTSRRI T R B3 . BA  BELRIE. B SR i ] L Y 2 5
W EL AT R D BF ST UL BRI A S T R % RSP LR B A FO A o /3 i
REM (LS IR (7 007 (DB TR, AL, AL 30 2 R AL 4181, F—80 °C
HESR B 15 S RERE OIS, b K25 0 e, FEATEANE B 1.

R1 LTHHEAERER

Tab.1 Basic information about the experimental samples

FAl 7 i Wi FE AL Tt FE %L RAEAEAY GRS
Phenotype Longitude Latitude Number of females/& Number of males//& Sampling date Mantle length/mm
KA Large 75°06'W~81°59'W  14°40'S~19°58'S 21 9 2022—2023 640~904
A Medium  78°23'W~110°30'W  00°31'S~18°39'S 7 23 2022 279~430
/NEHL Small 78°23'W~109°14'W  00°00'S~18°39'S 3 27 2022 222~262
1.2 £RHE TTCAG-3',CO | R} 5'-GCCTAATGCTCAGAG

WFFE R R PREE N £ B0 R IRE  TATTGGGG-3'. i T/AEY) TR (B ) A
(Sea surface temperature, SST) VA2 [ £ & (Sea RS F A o

surface salinity, SSS) \FREHE (pH) \M4¢ 3K a fiin: PCR JZ Ji /& & 4 50 puL: PCR Mix 25 pL,
¢ (Chlorophyll-a mass concentration, Chl.a) ./} ddH,0 20 uL, | Fi#5 49945 2 uL, DNAIHR 1 pL.
% 10 /= (Sea surface height, SSH) . I fift & PCR JZ W B2 ¥ : 94 °C TS 1k 2 min; 94 °C4E

(Dissolved oxygen, DO) , 5558 K IE T8 e £ 1 min, 58 °CiE ‘X 1 min, 72 °C%E{# 1 min, 354
B 7S 8] A & R 48 (Copermicus data space  fifi¥F ;72 °CH i SEAH 2 min. W 5858 )5, 944 ™=
ecosytem ; http://dataspace.copernicus.eu) , 5[] WAd 1% A By B W B Jise i VKRS i, 26 A T
FEl R 2022—2023 4F-, 25 [B] 3 [ 3 25 2> SC A A TR (i) B A7 FR 2 w1
LR IX S, MR E 2N (Latitude, 1.4 BEZHEDH

lat) F1Z: /% (Longitude, lon) , M FRECHE IR T 51 1E MEGA v11 HEGE T J5 0540, f 5
T AT PR B R A A PR A F JF 9N R S50 98 A8 6 25 8L (Variable sites, V) .
1.3 ZZX & DNAWRBMERE Co | BEEF fij 29 15 BB 1 »5 %L (Parsimony-informative site,

SIRg Y1 P.) ARSFA 5% (Conserved sites, C)"7, i FHAK
1.3.1  F:[H4] DNA [ # L $ 8 25 ¥ (Neighbor-Joining, NJ) #4 2 3 fb b .

ZERMILF A DNARBGAF &k Adb stk ] DnaSP v6.12.3 113 BE (A8t 15 2 50 . PR A% A
WA AL R A B A, B BUS F 1% Bl MEEIE %0 (Haplotype number, H) | # 1 B2 £ ¥ 1k

FL KA, -20 CI-AFA H . (Nucleotide diversity, =n) . H. fif # £ # 1k
1.3.2 PCRY 5+ (Haplotype diversity, H,)""™. fifi F§ PopART v1.7

CO 1 R ML ISR oW BF5E, b 25 28 fa B B 0 o0 % R I 2% /] L fi
BIMFS . CO 1F H 5'-ATCCCATGCAGGCCC  Arlequin v3.5.2.2 AT REIA ISR AL 4007 A 25 2 10
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374 SR C S N S SO 34 %

T T 4 352 4% 431k 22 880 (F,,) A3 B3 30 2 %K
(N,), JEF 20577 22508 (AMOVA) PFAGHEAR
PRI (] (9 35 A5 28 S At
1.5 FEEHEEhES T

i FH| Arlequin v3.5.2.2 {4, il i Tajima's D
FIFu's Fs i 56 DL BHARFS B 53 4 (Mismatch
distribution) , #fEWTRREE D 2 SRR IF A4S
2y A 240 tau (Mismatch distribution's tau, 7) , fifi
DA R0 3 ) L1 P ) S ST = RN W

T
L= )

Kb B0 S8 u BT F 5 R 5878 £ 5
SRR i TR

RAS R u TR AR

w = 2uk (2)

Kf:uhCo T WHEFRAR, AR SR
SANCHEZ %5 I BFFR 45 4, I 1.2% 5 k AT 51
J& ARWF5E N 563 bp.
1.6 HEEEFHHF

DL H, A ok e 0728 s, AR BE R R il R
o, Mok ko #OXF W 4 Mt (Detrended
correspondence analysis, DCA) "= 3 4 £ i %h
(Axis lengths of gradient) K /N : KT 4.0, % F i
JU X IV 43 M1 (Canonical correspondence analysis,
CCA) ; /N TF 3.0, 3% £ T4 43 H1 (Redundancy
analysis, RDA) ; 7F 3.0~4.0 i}, 1] CCA F1 RDA J
AP, DCA Z5 3R R B /N T 3.0, ORI

—~
Ju—

{#i F Canoco v5.0 BE4 7904 0¥ o

Mantel ¥z 56 5, 1| R v4.4.1 i) ape t 15 A
[Fi] SR AU 2 (] 1) ~F- 24382 A% 1R 25 5 FH] geosphere f13
A [R) e AR 2 (0] %) M BEER 2, I8 3 vegan U
X S 1) 35 I 5 R Ml PP S 0 A7 4 (R A 5 40
Bro

2 %

2.1 EFfCOIEBARFRIFESHT

PCRY BRI M co 1 R A B, 4
DU TR XS, 3545 563 bp Zekifk CO T 3 F B
G BIOR AT G, C ol 3B F 2 & =5 5 A
28.6%. 36.7%. 15.4%. 19.3%, H: 1 A+T & &
(65.3%) B .75 F G+C & 2 (34.7%) . 7£ 90 %%
Co 1 K R B & 2 28 48 f7 g8 11 4>
(1.95%) 1 2945 B AL A5 34~ (0.53%) PR SFAL A,
5494~ (97.52%) -
22 BEREESEMESR

AR AR A0 3 FOR R R A BE A i A5 2
FEVES RO ER 2, 2R R A0 R B H L H, o 53 0 A
19.0.455+0.064.0.001 1+0.003 9, H AU H A
H, Y58, 43504 7 F10.508+0.108 ; K AU FEF1 /)N
YR H Yk 6, /NALRE () H F o 41K, 43590
0.411£0.110.,0.000 9+0.002 6; K FHIBEAY n ik & ,
70.001 9+0.000 3, AJ UL, K /N 3 R A
R Z MR SR O 2 S LA H,
S A4 A5

R2 EREINMBENBEESHESH

Tab.2 Genetic diversity parameters of the three populations of Dosidicus gigas

2% Phenotype FEAEL Sample size PAREHRIE H AR Z R 1 BHBREZHM
KFH Large 30 6 0.455+0.106 0.001 9+0.000 3
1 #I Medium 30 7 0.508+0.108 0.001 0+0.002 7
/NFEHT Small 30 6 0.411+0.110 0.000 9+0.002 6
ST Total 90 19 0.455+0.064 0.001 1+0.003 9

2.3 ThEEEEESN

Koo /N3 R SR B RY F, {H 7E 0.005 5~
0.030 2, ST K B ¥ i 3 (P>0.05) , 45 B {4 ]
N, IR T 1 (F£3). AMOVA 4387 R, B
AR P A5 S IR A ) 1 28 55 4 L 49 5010 99.14%
H10.86% AT WL, /N [v] & U T ] A7 70 450 2 1) 3k [
U, AR S R AEAERER I .

AR I BAAE T ) 43 AT 1 R R R (AR ] 1
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R3 EREINEENF (AL T)FN, (MRLL)
Tab.3 F, (below diagonal) and N, (above diagonal) of the three populations of Dosidicus gigas

% Phenotype KA Large rh A Medium /INFEHY Small
KFA Large - 8.04 19.73
rh A Medium 0.030 2(P>0.05) - 45.45
/NFEHD Small 0.012 5(P>0.05) 0.005 5(P>0.05) -

(a)
HI1~H13 g 13 FA ] A9 S5 5L 512 50 83 74 1o ARURL SR A5 B A A 38 I L o
H1 - H13 represent 13 different haplotype sequence types, and the area of the circle is proportional to the frequency of the haplotype.

E1 NI#LH (a) FRERKEE (b)
Fig. 1 NJ phylogenetic tree (a) and haplotype network diagram (b)

2.4 MEEHENESW

R R A NI I £ N R € £
Fu's Fs fll Tajima's D ¥4 7, H 1452 0 % 2% &
(P<0.05) . PHUtt, A< R RV I 25 2 (Rl AT B
2Py kA

FH ] 2 ] DL, 25 52 04 [m] 3R BB 9 i 2 35
BT L ULEH ZE R M B IR T RE ST T VK .
Arlequin 7M1 (M 1.264, FF A28 (1D AT ()4
T 5K (] 75 46 700 4FHT o
25 HEBERFNREALEFEZEERESHNE

op-A!|

2.5.1 MR FRIEZ IR

JH RDA 43 B 25 3¢ 1 15t A% Z A 1R A8 1 F PR 45
WrmEHR, giRExR, ZROFMIEH,S Chla
SEIEAHSE, 5 HAH 20 ;1 5 SST 2 fAH
XK, HHANASE H 2 IEAHC (Kl 3a). Wk
RUBER A0, Rk B/INRABVHEAR 7341 &) 32 SST 15%
i) 5 A R BT AAR 3 A1 &) 5% SSH 52 M, v 3R
PR3 A1 380, U B L RR 3 N 22 FhOAS ] A9 145 2%

H4

H10

les
Q

1 sample

O Large
O Medium
@ Small

. ZFRREKRESRE/R (£4),pH.SSS,
SST 2 I & 5% W) 25 Z2 A0 Fh 3 A% 2 FF 1 1) SR B TR
¥+ (P<0.05),

2,52  HIHERFARYRZ I

Xif 25 52 £ st A5 2 RE PR R 0 6 Rt
FFOCARAT , R IZEZE faFp i H, 5 lon 22 IEAHG,
Slat RS ;1 5 lat 5 IEAZE, Al lon & £ 4H 56
(JE3b) o SrMras FRBER 34, K BRZE T ta Fp i
5 lon 43 AL , BEAR I 4816 234 5 lon JC f 25 AH
Kotk s RERBIBHIA A1 2 2 lat U 5E IR . SEFR 1K
I AT (R 4) , 4 B I 25 e 25 2 fa A
15 Z R (P<0.05)

R 4l 25 5 o B - 1) a5t 4% B 5 R 1 2 R
(5), #7284 A AHOC /BT, 45 SR R 25 58
0 FEA (14 °F- 135t % I 5 g b P A o R
FHFE (7=-0.028, P>0.05) , Ui B A~ [7] i 3857
(25 32 AR AE A B SE R i 8, 5 N 25 R —
.
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Eild 34 %

RDA2(5.6%)

Lo
0.7 ¢
Z:6:{H Experiences value
0.6 L -—-*--- Wil{ Observed value

Jii*% Frequency

LIy~ . . "

0 2 4 6 8 10 12
B X 24 5% Pairwise differences

(a) BFEAS Total samples

22551 Experiences value
———e——. WLM{E Observed value

SR Frequency
(=) (=} (=)
) W IS

e
=

. e s

6 8 10 12
Xt 22 5 Pairwise differences
(c) 13 Medium

0.7

———

0.6

Ji% Frequency

Z:06{H Experiences value
-—- WML Observed value

S Frequency
o o
L=

o
o

0.1

6 8 10 12
B X} 24 5% Pairwise differences
(b) R#EH Lagre

2255 {1 Experiences value
o——- WM{E Observed value

2 4 6 8 10 12
i Xt 22 5 Pairwise differences

(d) /N2 Small

2 EFRE3INBEEES &
Fig. 2 Mismatch distribution graphs of the three populations of Dosidicus gigas

1.0
o
SSH 3
H SST
pDS\‘\;\\ 4 3$/V
T[4—-— -,/ N
A/C’hr o 'a ﬁ‘ ; +
$a<> at 1
SSS % <I:d 4&&
b
-1.0
-1.0 RDA1(25.5%) 1.0
(a)

1.0
V\
%>
lon <
V\ +
2 H,
=) S
5 e
A & T
=4 «?ﬂ‘l‘xv lat
+
-1.0
-1.0 RDA1(23.8%) 1.0

/NFEHS Small 4 H13# A Medium
B3 BEESHEUETES5HERF(a)f1ithIEREF(b) B RDA o4

Fig. 3 RDA analysis of genetic diversity variables with environmental factors (a) and geographic factors (b)
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F4 FEFFERBERETF
Tab.4 Habitat factors for Monte Carlo tests
AN R [ Pt F P
Habitat factors Interpretation rate/% Contribution rate/%
L5 lat 23.0 94.1 26.2 0.002
2% lon 1.4 5.9 1.7 0.178
R 0% pH 19.3 62.0 21.0 0.002
MR MR SSS 4.4 14.2 5.0 0.016
MR E SST 3.0 9.6 35 0.050
W E SSH 2.7 8.8 33 0.064
4 DO 0.9 2.9 1.1 0.334
4R a ik ¥ Chla 0.8 2.6 1.0 0.302

RS BEETHEEERS(XMALT)MMIERERS (km, XHAZLL)

Tab.5 Mean genetic distance (below diagonal) and geographic distance (km, above diagonal) between populations

! Phenotype KFAI Large rh A Medium /NFAY Small
KFA Large - 2360.47 2212.14
rf 2 Medium 0.001 1 - 1428.56
/N Small 0.001 0 0.001 0 -
3 W R0 R BE AR, A0 I8 20 R B U A2 A 3 B
TEPEA = 3 O 2B R R TR 2R
31 FEATFEZEMBNEMESHEERS VIR AN A= A7 25 6], NS AR s 9k .

SR AR b [ A Y E B A X 4,
Wi R EE 248 5 0% W98 AR B TV 3 A R AR
SR L Z AR VE A B TR 7R HGE N Mk b
KFPRESHAS , AT Ry 0% U5 A4S PR AR AP B AL R 24K
i Zebifk co 1 BERZMFEsh Rt s (G 24
PR O R B AR IE 3N, co 1 32 &
RIE P, BB S BTl [B] RN PN (8t AL 22 S
T CO T FE P A B 56 % X 3k 1) 4% 25 7T LA IX 43
98% Mk 7 1. 25120, ALLCOCK %527 %o 2 I 3
J& (Pareledone) #4171 CO 1 FEH ¥ &8, CO
1 JE A7 8 GE A 80t s HS TE D b B9 IE it 72
AMRIET CO 1 HEHFH LI, R KR
F AR R H K K, X AR 2 A7
TETHBA T 2 M35 A A PG Y sk i P
b i (Amphioctopus aegina) ™ | K-8 22 i
(Todarodes pacificus) ' 55 o 38 15 P G 56 14
T 73 A 1 2 23 Hr Rl e D7 s 8l 25, 44 Tajima's D il
Fu's Fs {H R {8, BHAR AT REZE Dy 14 sk i s 4
S o (B X NI I = T 1 g VA 4
M 200 s FHE AR C o A I 4 2 B A0 AR 1T g
S TPk, R 20 BRI /NAT RN AR 5
FRoERY, 5 R ERMAPIRAEY KFM,
U TE 46 700 4F [T A9 AR K oK o vk B OF R

FRAT 2 B H1 B 1 3 e Al AR R, 2K
F AR T AR, BN KT 1, B 2R
F AR R ] A A0 B B DR S8, i ) AR AR
BT CO 1 NI HT R KT 2E R s L 45
Ha) R A AR ) HAT (25 10 i DR S8 i ) 45 2R —
Bl ZEF AR R A R Sk R 2 AR
i S 9] A 2 EAT RS B , SRl A [R] 2R 335 B
B ARG R 5 R o 5 Rl O RUBE ) R I A% AN
AT DR e A A R DR S 0t A At 3, i sl 72 o
M AL R . ARV ¥R AR T8 LA R A7 AR VR AY
P55 AR, ol 43 2 T BT /IR 1) IR, O A B
TE BT L T R GBS B, PR Y A
WIVEDRES , B EE R MR BT 2 2T £
HRRR B TR AR ] B PR S 0
I, AT RE Y TS BT RS Al Dy s 7 5K sl S
RS ES ARSI E N PN R = S ik i LN
SN AT B, gL 22 S D A AR B
PRBUAEREAR N
32 AEEEFHEREMBFEESEENZm

1545 22 R 2 W Rl AN BT 3 7 5 A A Y
G5 Al ZRE R , AR AR MG PR A
AE I MR, BRI AL A X Wy ol b B O3 A R R 2l
SR Z R R . ARSI, SST
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378 SR C S N S SO 34 %

SSS . pH . lat 15 25 % fa F BE 1) 38t 14 22 B 1 i 35 A
e, AN [v) R 25 3 a6k 858 DR 1) B A 7 22
SR AT RE S HA S R 22 R e, RFATE
5 5% SSH [IRZI , H 3 B3 A 15 5) 52 b6 FE i A1
TR R M A S VR, B FE RN TR YA
K S8 A 1A 2 T B ARG L K A B S, e A
OBV R Y SSHREAIRD . SSH A I8 8 23 fi fiff
F IR TR 218 K 1] 2 2 /K 0 4 i, AT 52
i) K R BE K VR . IGLESIAS 557451
FENF S 2K ST RS R A, K B A I
GIESIEASTE S AP RE NSl 37 SN
SSH AJ 3 sk 52 i) K 3 20 B A 48 1 0F 1T 52 o L
ARG . NRAVEE D) 52 SST g, H 3222
ST A BH G 70 A A4 2R T I, 2 XU 4 19 7 A 1)
[ NG e S L 11V & 5 =S 1= By N e 2 1)
KR 5 B AR A o0 A o L B R R i /N
FERURE ) AT FEE IR B K I AT = & 10 9
A CANPRIE A A N R ) | SR /N R 4R 3L
TR, (/N R T ) 4 A e TR
R TE RIS o A R AER A B IR TR RN ER
TR A3 A B9 5 M s, 2 390 0 T Vg 3 DR ' TR o
TR, R A O (B SST Y L W B i T A A
AR, T30 SST X /N6 U TE 114 25 [v] 43 A1
A E R PR B [N, h R R
BTz, 5 H AR A 404, il e 5 30H:
PUAT B (R PR B8 35 17 E

BEAh B FT 0 e TR, 25 2% i R R A9 it 1 1
AR 7 i P B A B2, 1T g R R TS R A
TREAI B 0 I DXL 3G B0, Uk 559 T e A o 3 A M
REm . — Bk, AR R R G T = ]
(1% 47 L 57 A LA o P [ ) U 0 R 5 PR 22 37 T
TEAE W iE B BOR W R s B A A R
A - 1 1A B 2 B Bl SE G B R T BRI
ST BT FE I IR IR R AR W R
Rl 25 52 40 0] LAAE RS [ 245 R 47192 A sh Al
i P, 7R GE E R BTSSR B pe
GILLY % 9% AR 1 R T- 1 25 22 #1130 i fi 42
B, & B 25 22 a7 0 AR e e B TR T R
U= I 7 =Y o e | 1 | S D 3 e L B
T, Bk AR Bl A 2 WA [l 5 P BF U R
GRUST, ZEZR A B R A AR R T R R )
(18 5 PRI A2 VA, 2 1T 55 4 e OB 0 38 42 8 8 1)
SO PRI, 255 M0 1AL 2 R T 22 A7 B IR
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S N S, PR PR R RS i B2 IR S5 5 Y
OR A TR SRR AR AP 2R S £ Y SR
FIERIEIE I RE ) , TR TR e bR A % 2 e

4 Bk

AR A HLRR CO 1 BLRIFTE 4R KF
T 3PP R AV ZE 2 M0 (st A ZHEME IR0 TR
BN 5 Has AL ZREPE R O &, DAY o 4y o 2 A
SR Y PR 3 IV e T AR A A DR AP SR
WFFE B, K /N 3 Bl R 25 28 f (B AN AE
3 AT AL, AL AR R R AR TRER N,
AR 22 T] A 01 2 7 DR S 0 5 25 2 f iy e A8 R st
1o Z e 5 A B IR 12 UIAH G, AN Rl SR AVHEARTE
ANTR) Y A B 25 S B [R) B9 3 7 g H7, Hevp
SST.pH . SSS . lat &5 A 55 [ X 25 2 0 Fh i (1) 35
e ZFEMAAFE R M . 25 Lk, 750 & fAs
L FRES, N YR G H IR R R MR )
A7 K S PR A TA], LA S I B A 1] A
TRIFTTRME o AR A 5E N G Ak 22 R AR TT B
7Rk CANAS [R AR 1% 2 745 P A A S TR 32 45 )
XFZEZ R A, IFE i 2R R R S Rl
T LR AT H R — D R AR I 52K 0
WAL Z MR AR

VB FIRALRA HF T,

S
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Population genetic diversity of Dosidicus gigas in the Southeastern Pacific
Ocean and its relationship with habitat factors

GOU Qianbo', WANG Congcong"***, LI Gang"**, LIANG Xuhong', PENG Zukun'

(1. College of Marine Living Resource Sciences and Management, Shanghai Ocean University, Shanghai 201306, China;
2. Key Laboratory of Sustainable Exploitation of Oceanic Fisheries Resources, Ministry of Education, Shanghai 201306,
China; 3. National Engineering Research Center for Oceanic Fisheries, Shanghai 201306, China; 4. Marine Biomedical
Science and Technology Innovation Platform of Lin-gang Special Area, Shanghai 201306, China)

Abstract: To explore the genetic diversity of Dosidicus gigas in the Southeastern Pacific Ocean and its
relationship with environmental factors, this study analyzed the genetic diversity of three phenotypic groups
(large, medium, and small) and the impact of environmental factors using mitochondrial CO | gene data,
redundancy analysis (RDA) , and Mantel tests. The results showed that the overall haplotype diversity
(H,) of D. gigas populations was 0.455, while nucleotide diversity (1) was 0. 001 1, indicating high H,
and low m. The genetic differentiation coefficient (F,) between populations was less than 0.05, gene flow
(N,)) was greater than 1, and within-group variation accounted for 99.14% of the total. Genetic data
suggested that the populations underwent a historical expansion event approximately 46 700 years ago.
RDA and Mantel test results indicated a weak correlation between geographical distance and mean genetic
distance, while latitude (lat) , sea surface temperature (SST) , sea surface salinity (SSS), and pH were
significant environmental factors influencing the genetic diversity of D. gigas populations (P<0.05).
Furthermore, the distribution of different phenotypic groups was influenced by distinct environmental
factors. The study concluded that there was no significant genetic differentiation among the three
phenotypic groups of D. gigas, but environmental factors had a significant impact on their genetic
diversity. This research provides valuable reference data for the conservation and management of D. gigas
populations.

Key words: Dosidicus gigas; genetic diversity; habitat factors; CO 1 gene; the Southeastern Pacific Ocean
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