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3. LHEETERSHIFIERN AR, B 200020

FEE: AT B I P D i K AR AS U FRES DNA, R &L RifA 12S rRNA FT 16S rRNA 3 51 4 #E47
PR T, HES A B 0 25 R A 5E DNA $ R RS SRR ST 9 0 A5 S5 R o, 4
h3E FH 5 | 4 1 2 5 8 O T B — 8 B A, FIR 4 FhE 5 A6 PE VY 19 A4 3l s A S TR 1) S RS,
G390k i B K (Stenella attenuata) . W) CHiEHE K (Stenella longirostris). 3[R IK(Lagenodelphis hosei). /N
[Kfi5i(Balaenoptera edeni edeni) 5 #& 4555 (Globicephala macrorhynchus), keI RN 3 i 55
P BRI . K W) e K B (ST K (Grampus griseus). PIFP BRI B Fr—2, FIHFH B DNA $AR K
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FW XA R A 7 B 5 | a8 & 5 G A TR ROR A48 8 o X T4 S S 3 9 R A AR, 4 R 1) Z R A7
TE #2255, Hrh Cet-12S # i A 8528 17 51 BCFI AN ECS o @, 4350 33.0%F1 21.1%, 1 HoAb 5904 i i fini e
FE VBRI R EL S HEALR 0.2%~0.6%F1 2.0%~4.1%. EA1, Cet-12S AERFS 44 i 7 51 KO ) Fh i 250 T Hof 3
FhG1Y, AR PRGBSI S DNA G519, AR H AU, P58 DNA HORBA RBUE R . ZeRm Bk
REEE S, & TR R MR ZAEVEREIE AT £ T IV R SR Y A AR R, SR R AT ST S A
THAZS%,
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AR AR A O ST e S A A A AR AR
SE AR TR AR, AT BRI E,
HAE AR BRI, B[R] A = 1 2 O A R
SRAEIT R B S W b ) R 2R B WE 5 R —Fh A
WA R ik, B B AE SR T 52K 5 )
ZREVEW A R BRIERR, W2 A N A%
VLA RIMFHMARK . WA, 58
SRR Sh BE o HLELA s g Y, AL S
7 ¥ ME LA i A8 44 4 D T v 80 WU, R b ik
T im0, A HOATRR S W Tk

ITAEK, FA5E DNA (environment DNA, eDNA)
HRTEY R ZAEEREGE T IR 5 R 172 5%
T, ARSI AL TR 0 W] BEYE . PR5E DNA J2
FEMNAFTE T DNA 70+, RIEEIEAEY
M RZIR . BEWR . MRV . KT -, B . FE(E
O | 7 I W E R 7/ L S 2 o v R 1
e ARG I B2 o MR ZAREVERE S
WEEFEB, HAEl, ENIME &I T T/ M
IC figt 220 K VLT K (Neophocaena  asiaeorien-
talis)® | & 5 (Orcinus  orca)™  F1 #s 75 B K
(Phocoena phocoena)™ 652K 3155 DNA #F5¢,
BEARKE, ZEARLEEG 5 P4 Tk 5 B
B " ENES R B R 2R TR, B A
35 P, [ Y L T 3R 5T DNA HA 52
Yih Z RV R GE B D . AT B TR R R iR
WEE DNA il 5 WA 2k, I LLvE v ek
FER BTG, T a2y A (g B, s
A 22 FE W DU 12 () A A B I T S B R
SCRE LA KR i 2R 5T S HE P R 2R R B R 0 A
FELEE

1 HRSHE

1.1 HFmREMNB AN
TR AT T R IR DNA A i)
51, e 2R LA S B S K 26 DNA
VeI AT S| A B ESAE . $230 DNA it
(5 By LA REA IR A 5230 2 AR AP R 2R LA AR AR,
45 BN R IT WK (Neophocaena phocaenoides). W 1E
H i K (Sousa chinensis) . th & fix (Pseudorca
crassidens) . #t7 BE I K (Stenella attenuata) FH W)

"R K (Stenella longirostris) .

5 DNA BERLCR H 2022 4F 6 A, REEX,
PGP RER R R (T 1), HRE T 19
KRR GG 2 Fh T AE K TR ) T PR A
b R AR RAE R, BB KRR E KT 1 m
(F)Z), KM T H R RoK IR FKAE, RETTTHH
MR A TR v, R AT RE 2 b R A 25
DNA, BulifcRE 2 IR, BUCRESL, REHE
TRAEAR P SE R U8, A DR A 2wl A i
R g e, iR R AL S N HE GM-0.5A,
A R 30 L/min, HALTIR Ky 160 W, IR
PEME AR R 47 mm. fLFEH 0.45 um AYAYRR £ 4k
JEE(Whatman, f8[E), AikIERLIE 1 L KEE,
B K FERLUE 4 SRIEBAE - PATHE S, fhig e 5
FFUBHEEEA 2 mL R R A OB TRA IR
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Fig. 1 Collection sites for cetacean eDNA samples
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TASRER S IR P, LI 58 52 i R P AR R o g e 2k

AT e, BWERES % EARZIPY A4
FKRE SOEERTE] F 1 ho
1.2 S|¥EiE

AW TR 4 X519, 514 Marverl Fil
Marver3 /2 Valsecchi 25" %& 75 1) 2 X Wi L 343
514, 1M Cet-12S Fl Cet-16S J2 Ik T Fg i figi 25 2%
KA JF 5, £ % 128 rRNA JF51 1 16S rRNA JF 5]

WITM G (3R V). W sh P 4 20 [ 4]
DNA 2GR & ORMR, Jb 50) w2 LA 2547
DNA 2, UL BGEE 0 & Ui k17, %
5 ML DNA &8 25 pL IREJEVERIESILA
DNA i, FREF DNA % P340 00 3 M 1EH
SEATRE S I BT 20 CUKFER URIRAT . SLH 72
rh BT A S0 RS . A B A RE A A S B 45
Je V{68 2R AN A oo R K B B A T KT

x1 AMRFAASY

Tab. 1 Primers used in this study
519 HrFr B P14 B /op izl
primer target fragment amplification length sequence
Cet-128 ZkifA 12S rRNA 196 F: 5'-CCAGCCACCGCGGTCATACGAT-3'
mitochondrial 12S rRNA R: 5'-GGGTATCTAATCCCAGTTTGG-3'
Marverl LRIk 128 rRNA 202 F: 5'-CGTGCCAGCCACCGCG-3'
mitochondrial 12S rRNA R: 5'-GGGTATCTAATCCYAGTTTG-3'
Cet-16S ZEHIIK 16S IRNA 227 F: 5'-“AAGACGAGAAGACCCTATGGAGCTT-3'
mitochondrial 16S rRNA R: 5'-GCTGTTATCCCTAGGGTAACTT-3'
Marver3 ZkifAk 16S rRNA 245 F: 5'-AGACGAGAAGACCCTRTG-3’

mitochondrial 16S rRNA

5
R: 5'-GGATTGCGCTGTTATCCC-3'

PCR RN AZR SR 50 pL: 2 x Pro Taq
Master Mix (dye plus), 25 uL; 1. S m 51445
2 uL; ddH,0, 16 pL; DNA #ifl, 5 pL. 514
Cet-12S. Marverl Fll Marver3 ff FH % 7% PCR 2
¥4 94 ‘CHAEPE 4 min; 95 ‘CA5E 30 s, 56 ‘CH
P 30's, 72 CHEMH 10 s, 18 MEFR; 95 ‘CAEE 30 s,
55 CHE 305,72 CIHE 10 s, 10 PMEFR; 95 CAE
P 30's, 54 ‘CEME30s, 72 ‘CHEAH 10 s, 10 PMEH;
72 ‘CHEfH 5 min, 5[ Cet-16S Ff FH 1 F%7% PCR
FLT K 94 CHIZEHE 4 min; 95 CA5PE 30 s, 61 C
B30 s, 72 CHEH 10 s, 18 MEFR; 95 CARME
30s, 60 CEYE30 s, 72 CHEff 10 s, 10 MEFF;
95 ‘CA8PE 305,59 CHME30s,72 CLEff 10, 10
MEFR; 72 ‘CHEH 5 min,

FIH 4 %1519 5 5 FALIA DNA 435 #5417 PCR
PIEIEIEAT AR, BUE T | A S R A
DESCR; R 4 XE5190 5 51 518 G LA DNA A
AT PCR & ¥4 IF A7 il s )7, Sk 5 | e iR
A DNA kIR . 5056 i R v Y Jin S p
XFHE, I 2% TBE Bt R A& HL Uk X PCR 7™
PIEATA S, BEBCRA TG T PCR = st 1y,
gm0y BT R 5 e SR I B

12 I barcode 751 .
1.3 IFE DNA &

Al U 3 SRR AR P AT RS, R
DNA BB . gy . ik R KT 5
L PAAE il PR A — 3, SEHRFL UK S5 I Y PCR
FENRA JE AT R T . A B kA X5 B,
IS5 A it UL PRI A ot 1) 55 5 1) R AN ) 1 S B
#HA47 o
1.4 EWEBRESH

I DNAStar #1421y SeqMan FfF2*1%
— AR A 0 )7 S0 AT N TR FPFE, R E
£ NCBI % #i& /% (http://www.ncbi.nlm.nih.gov/
genbank/)iEA7 7 F HEXT, #fE P 50H)E .

it T R A I dE, 1SS Fastp )
(https://github.com/OpenGene/fastp) 17 ¥ T Jit =
ik, SRIEFIH Cutadapt #4:E%(https://github.
com/marcelm/cutadapt/)Fl Usearch %P (http://
www.drive5.com/usearch/) 17 5| 9 ¥ 51 2= Bk Rl ¥
Y1k uE, feJ5# F DADA2 (https://benjjneb.github.
io/dada2/tutorial.html)* M JF 4= i ASV

TEHfE Y0P SRR BLRE J5 T, PA5% DNA #F5Y
DR BRI UE R T4 T 95%~99%I1 7511,
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F R R HIEE DNA H AR 5 i 74 7> i 2 Yy b 2061 1569

F T 2R P 2 ] ) 2R A P 41 A8 S BN, TR it
RSB AR R TET 99%M 75 . 1Ak,
SR FE 90 Bl 2R 2h 4 TR W DA SR A 8,
ALLR B MR FE S 40 o
1.5 Zit=ZEa0H

FIH Excel X 48 5 1) 3 51 B ) Fh g5k
114811, FFH Mann-Whitney U 6 56 X} 5 2 155 FHoAth
TV 3l 0 00 T 9 B D S ) R G AT 25 S M
B EMIKTBREE S P<0.05, X FE38)7 5 i 5 A
NI 25 5, 77 50 BOR LI R ER F 50% 1 9 F
FE SR HF
2 HR5HW

2.1 5|MEIELR

FAYIRR L DNA R 5 R B, g 519t
ATFEYFI KT 5 KW e IK . T B il
WK LA K Ok B i, H TG 2% IX 43 B R VLK 5 K VYT
K AR IR S RVEESETT K (Sousa teuszii) .
Ak, 16S SIYTCIELER YK B X 43 rh 48 T
KR 58 W) 5 WK (Tursiops  truncatus) (3% 2). 1AL
A DNA K25 31 WoR, i Cet-12S . Marverl |

Marver3 AT R 2] 5 Fpfii 2k, 1 Cet-16S X
REAGHI B B A8 g IR HA 4 Ff, BT A 79
AALEE TE 99%LA 1o 25 1, 4 %3 5 | ) 72l
YT EA — AR, AT TR S5
2.2 IiE DNA Kl 4R

FIHT 4 g [ITE 17 AR AFE ol S ARG 528 7
%l (reads) 5994 (0.6%)4k, TZKJG5 ASV Hh 25
(2.9%)5%, HEX R LA B B2 5 Fh(2.1%); i
HAb S 227 F1(97.9%), JFHIHCH 1042312
(99.4%), ASV U H 826 (97.1%), H: Cet-12S Fl
Marver3 FURTIN 25 R wA 55 1T 5 PGSR DL K 17 e
R sk s (B 2) BSR4 Fhik i AT B
WK . 35 R IK (Lagenodelphis hosei). W) &g
WK . J 68 40 fii 85 (Globicephala macrorhynchus)
A1 Fhsifs: /N (85 (Balaenoptera edeni edeni)
(1 3)o {128 5| Wy I 280 (%) HE AV v Sl 35 ok
a2, A 16S 5| Wbk A Ak 2 e |
B | i B FUKEER RS, 5 B AWEES AR, A
HIFSE DNA ARAINEN 5 [ IK(Grampus  griseus)
(Kl 4). 7EFREE DNA 2558, L3RR oy Bt v
WK, 5 HAOLIZE AT (B 5).

*2 TAEERSIMNIMEES

Tab. 2 Species identification results of different universal primers

5194 B DNA ik FLSF 45 R PSRRI EE /%
primer DNA template alignment result sort by percent identity
Cet125  EPAITHK BT/ K T 99.49-100
Neophocaena phocaenoides Neophocaena phocaenoides/ Neophocaena asiaeorientalis
A K rf A R IR P P B T K 100
Sousa chinensis Sousa chinensis/ Sousa teuszii
KWy et K KWy et K 100
Stenella longirostris Stenella longirostris
A BT K A BT K 98.48-99.49
Stenella attenuata Stenella attenuata
A P e 98.49-98.98
Pseudorca crassidens Pseudorca crassidens
Marverl ENRITIK ENRAT KA ITITHK 99.50
Neophocaena phocaenoides Neophocaena phocaenoides/ Neophocaena asiaeorientalis
A K rfAE I IR P P B T K 99.50
Sousa chinensis Sousa chinensis/ Sousa teuszii
KWy e K KWy et K 99.50
Stenella longirostris Stenella longirostris
P BEIE K A BT K 98.52-99.02
Stenella attenuata Stenella attenuata
Py 1 fi Ph g f 98.53-99.50

Pseudorca crassidens

Pseudorca crassidens

(fF8% to be continued)
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(8% 2 Tab. 2 continued)
GIE RS DNA it BRSO 7 FARALEE /%
primer DNA template alignment result sort by percent identity
Cet-16S EJ ARV K EN R VT TV K 99.56-99.12
Neophocaena phocaenoides Neophocaena phocaenoides/Neophocaena asiaeorientalis
A K A I R 98 WK 99.56-100
Sousa chinensis Sousa chinensis/Tursiops truncatus
T wy R K Wy R K 100
Stenella longirostris Stenella longirostris
s e, s ),
S BEIR S REIR 08.68.99.12
Stenella attenuata Stenella attenuata
A A
98.68-99.12
Pseudorca crassidens Pseudorca crassidens
Marver3 B RVLIR BT IR A T IR 98.71-99.57
Neophocaena phocaenoides Neophocaena phocaenoides/Neophocaena asiaeorientalis
A FE K v B I K W K 99.14-99.57
Sousa chinensis Sousa chinensis/Tursiops truncatus
AN/ BN AN/ BN 99.14
Stenella attenuata Stenella attenuata
T B K T B K 98.71-99.14
Stenella attenuata Stenella attenuata
fh E i Pseudorca crassidens fh E 5 Pseudorca crassidens 98.92-99.47
Cet-16S Marver3 FHEDNA
eDNA
0 7 SRRV
Cet-12S 1 Marverl visual observation
o 9
! 0 ! 0 SO
Globicephala
macrorhynchus
2 AR :
0 / 0 T Stenella attenuata - 4
2 0 VA B )
Balaenoptera iy FGHE IR
edeni edeni - Grampus griseus
1 KW CHERE K
é \ Stenella
longirostris
K s £l g SE b IhRMK
2 HEFPEIRE R Yk S Lagenodelphis
hosei

Fig. 2 Quantity of sites that cetaceans were detected by each primer

Cet-16S Marver3

==

S EETR
Globicephala
macrorhynchus

Cet-128 Marver

(£

/

RYGEER

Stenella
"’"g‘mm?
2907173

Lagenodelphis hosei

T

Stenella atten

7V PR
Balaenoptera
edeni edeni

IR ST IR/ R Ib] 7 ES

Fig. 3 Cetacean species detected by each primer

K14 85 DNA 5 0S5 R A
Fig. 4 Comparison between environmental DNA
and visual observation results

2.3 AESI R NR LR

FIH 4 Bl |95 Bkl #6528 3~4 Fh, J¥ 5
471~3787 4k, HABYIFR 15~146 Ff, J¥51 2444~
660653 (£ 3), BRI FENR 21.1%~84.2%,
Cet-12S #5145 5 v fig 28 77 51 50 R AP & 5 e o3
Wk 33.0%(18 6)F11 21.1%(1& 7), 1% He e HoAh 5|
YR 25 5 R 0.2%~0.6% A1 2.0%~4.1%

XTI, K] Mann-Whitney
U A58 53 B A 7] 5| 078 B sl RS D00 21 1) B 2 )5
VB S YR LA ST NS R R
] 1 25 57 o FEEZE )T SV BCRMY A O T, AR5



5512 4] A AREAF: MHIEREE DNA SRS 3 16 75 V0 i S ) b 22 4 1571

o
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N

SUNIIN/ €8
number of visual observation
)

YyFf species YFh species
5 FREE DNA (a)F1 H AL (b)&h 5 b 54 il ol

Fig. 5 Dominant species situation in eDNA (a) and visual observation (b) results

®3 AESIIHENER

Tab. 3 Detection results of different primers

B4 B ey R (GRIE) ot A (5 51080 B RAGE Y R (A 1 o KD
. quantity of cetacean species quantity of other marine animal Cetacean detection rate
primer . .
(sequences) species (sequences) (detected sites)
Cet-128S 4(1204) 15 (2444) 47.4% (N=9)
Marverl 3 (3787) 146 (660653) 42.1% (N=8)
Cet-16S 3 (471) 70 (126508) 21.1% (N=4)
Marver3 4 (537) 111 (252707) 84.2% (N=16)
W 52 cetaceans m HABYFEESNY) other marine animals
a 0.6% b ¢ 02% d  04%
‘ 330%‘ ‘

99.6%

99.4% 67.0% 99.8%
K6 514 Marverl (a). Cet-12S (b). Marver3 (c)Hl Cet-16S (d)R il 25 5 v 14 1 571 20 1L
Fig. 6 Sequence composition in the detection results of primers Marverl (a), Cet-12S (b), Marver3 (c) and Cet-16S (d)

m 535 cetaceans  m LAY other marine animals

0, 3.5% 4.1%
a IZO/' 571.1% l c l’ d l
98.0% 78.9% 96.5% 95.9%

Bl 7 514 Marverl (a). Cet-12S (b). Marver3 (c)FI514 Cet-16S ()il 5 i) i 4 1k
Fig. 7 Species composition in the detection results of primers Marverl (a), Cet-12S (b), Marver3 (c) and Cet-16S (d)




1572 oo 5K 7

530 %

Yy 1) K DB 22 [8) I A A7 7 W 25 22 53 (P>0.05)(J&
8)o TEHAMHEVE S YT 2 EOT 1, 4 Fhg A
HZEBFFIE R E SR, 51 Cet-12S Kuill {H i
& CEH E=164), 519 Marverl & (CEH{=
34771.2); £ H AW EE S W W R BT, 51
Cet-12S K{ECE-¥E=2.4), WE(LFHAh 3 F

5191, 51%) Marver3 #x5 (CFI{E=36)(K 9).
3 itig

ABFFERAL T 4 W e 5 | P A i
(A R, X8 O T AN TR 5 0 %A 245 2R 64 7 1
WO

o

a 3500 - 3l
a a a a
2 a a a 8
Q Q
g g
@ 153
g g
g g 2 o °
3 B
S 3000 2
£ 500T g
g &
§ ° o § 1 90 ———
g R
2 &
& °
°
0+ oo ==
Cet—12S Cet—16S Marver] Marver3 Cet—12S Cet—16S Marverl Marver3
5|4y primer 5|4 primer

B8 AN [l HI5 1 i 45 2R v figi 5 i 51 K (a) TN AR (b) 28 S P 20 B
AT B 2 8] SR AT 2 M 22 5 (P<0.05).
Fig. 8 Differential analysis of quantity of cetacean sequences (a) and species (b) in different universal primer detection results
Different letters indicate significant difference (P<0.05).

2 1200007
a b c d
8
b5
Bz 100000
=g
#*g
g
®E 85000
AE S0000F .
2y
23
< 40000
g 20000 -
& 4
ot y ;.;
1 1 1 1
Cet—12S Cet—16S Marverl Marver3
5|4 primer

b
60 - a b c

o

40

1. %

Cet—12S Cet—16S Marverl Marver3
5|4y primer

] 83

HABHE S YA

quantity of other marine animal species

9 ANaliE 5 | s D00 445 2R v A 35 5 5010 e 1) 50 (a) T o R () 22 S P 20 #
AN [RFE Z A) Fn A7AE 235 P 22 5 (P<0.05).
Fig. 9 Differential analysis of quantity of other marine animals sequences (a) and species (b) in different universal primer detection results
Different letters indicate significant difference (P<0.05).
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3.1 IFEE DNA HAREMERMF S iEMENE
o

WS RS DNA H A e P8 VDR 5 1 5
KBE T DRI 5 Rk, i@ H AU
F) 3 P2k, FREE DNA K2 5 Ffdigi 2 g gk
UL 20 ) PO BEE I . KW R IR A, 18
RN E TN LG A EE AT . 9 IR, 7B
Syt D REE DNA A TIE], T AE 2 3045 2%
BRSO PO S . [R5 DNA 2558
9 B s 2, 5 ORI B £ A A — 3L,
XM 555 DNA FEHIBUEE— i 1
MM, %458 SRTABIR T eDNA S HOECHE %
FA Yyt | 4250 B IEASE M5 — 8T, Wi, 3R
5i DNA i ARTE IS Fh Z2 RV R P82 FPEAS 5
T A AT

TEASRIFFE R ) (4 BAGH B VR K 6 0 4
b ECIE RIS Lin 20 a0 SR I 00 2
gl U ), e R BRE U O YR BRI B
%, R R R LT B A B TR PO PR
e WTZ 4 Fh T B R VR AR R A RS R I
Ah, TEFREE DNA 25 Frfr, /N B 1 51 5500 4
KA, LS T 0 b A A R 3
I 5 ) VR BSORII B e L A 44 5 550 2 f 45 R —
o WS 5 L S 3 8 A A i A o 2%
B, I R 2 A 2% DL KBRS DNA
SRR Bl /N S 3
3.2 IfiE DNA HABMKE

PR3 DNA HEARAME g —Fh 7 2% 04 4 1 W
A, HHTEAE S S I, R 3
T, HEREUTKRE P DNA X217 %
S, R RIS S RIS 3 U R 22 1 5 0,
i ARZR 5 H I K B 25 2 %5 AH L AR Y,
JRAS AR ELBCRE (I PESR A 2R
e ep, AT LURAC R A . 0 LR AR
FEFAEAT K BE SR AR, AT IR B33 9 KR
FF 0 B IE) R 2 1R NBE, AR LR 4T . S SRR Y
e B R s, TG B R D
(A, ELASSZ HOLRE B BRI, 3 T LA i 1) 4
P SRR RO, T A 2 A B B S 0t
SRR S R BE M A TSR,

X AR 5t (AR R BORR A 5 25 1 4 TR B, R TETE
RERE, WA T DR 5 25 ) TP R AR 5
m U GBS AE L, R 5 (Megaptera novae-
angliae)) ¥ 3% DNA 1€ 15 min J5 2 F 28K
S B R EIREE DNA R K P B
— 2 PR AR, RO R 3 — R AT DA TR A M
TS ) 1 Sl AR RN B S 4 A
3.3 5% DNA AR ERE

JUEACHIFSE I FH ) 75 | ) 2 Bt I A D v 258 SR AH
T, {H Cet-128 fr Hh BLAR R ALY D, o2
fln 3 XF 51 ek LA IR 3, D AR R —
PR BRIC B9 BT, A Cet-12S #EATEREE
DNA ik Z MR ROR et SEse 45 3R,
AT AR — 5 | 40 o 4G 00 45 SR W7 LA 3 T A G
BRI A, X B RE (S — A B AR 1C 5 1 )
Al e 2 MBI A 32, D IR AT g 2 32 ifg /K 2
PRI T B 08 DNA & A A R FL 1Y
Ffte, SECNRPF LSO R B B 3 B A
fE2 5, AR 2RI EE DNA W58 5840 %
JE Z ML NARICILES R, i cor™ | Cyth!*®
D-loop % Fl T T & 2% DNA 5|93 A,
DA Fe R e P G 00 35 SR 1) S RN o A

AHE R i A 5 1 B s B, HiIY
S FLpR gt X, PR S, X T s T
JK J& (Neophocaena spp )" . B¢ i K J& (Sousa
spp.) PIEGC R E L L 22 RN b E SR
FEANHAR, TR X 2 A 4 ol DXL R ) 4 R B
TEAR e s S M 5 | ) e 5 X Se W b A RO s
3.4 I DNA THERMMRL

TEXEE DNA D P45 R b, R 3 1 7
FVBATAE & g XL H, A2 B AR T 509 1 1
ATREHER, RIS DNA SRR RIN—AE
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Preliminary investigation of cetacean species diversity in Xisha sea
area of the South China Sea using environmental DNA technology
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Abstract: This study investigated the application prospects of environmental DNA (eDNA) technology for
studying the species diversity of cetaceans. It involves extracting eDNA from water samples in the Xisha sea area
using universal primers for amplification targeting cetacean mitochondrial 12S rRNA and 16S rRNA.
High-throughput sequencing was conducted. The results were combined with visual observation data to discuss the
potential of eDNA technology in cetacean species diversity studies. These results indicated that the 4 universal
primers were effective for cetacean identification. Using these primers, 5 cetacean species were detected in
samples from 19 stations in the Xisha sea area. The identified species included the pan-tropical spotted dolphin
(Stenella attenuata), spinner dolphin (Stenella longirostris), Fraser's dolphin (Lagenodelphis hosei), Eden’s whale
(Balaenoptera edeni edeni), and short-finned pilot whale (Globicephala macrorhynchus). The cetaceans observed
during sampling included the pantropical spotted dolphin, spinner dolphin, and Risso's dolphin (Grampus griseus).
The dominant species detected by both methods were consistent, and the environmental DNA (eDNA) technology
identified species that were not visually observed. The detection results of primers Cet-12S and Marver3 covered 5
cetacean species and 17 sites where cetaceans were detected, indicating that the combined use of primers targeting
different gene segments is advantageous for improving detection effectiveness. There were no significant
differences among the 4 primers in terms of the detected cetacean sequences and number of species. Cet-12S
exhibited the highest proportion of cetacean sequences and species, accounting for 33.0% and 21.1% of the total
population, respectively. In contrast, the other primers detected much lower proportions of cetacean sequences and
species, ranging from 0.2% to 0.6% and 2.0% to 4.1%, respectively. In addition, the number of nonspecifically
amplified sequences and species detected by Cet-12S was significantly lower than that of the other 3 primers,
indicating its high specificity as a universal primer for cetacean eDNA. Compared to visual observation, eDNA
technology has advantages such as high sensitivity, efficiency, and cost-effectiveness, making it well suited for
studying the species diversity of cetaceans. This study enhanced our understanding of cetacean species diversity in
the Xisha Sea area, offering technical insights for cetacean conservation and research.

Key words: environmental DNA; universal primers; cetacean; species diversity; Xisha sea area; the South China
Sea
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