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1.1 #ARRE

2012 42 2017 48, AT I7E KT H i 17K
SRS B 130 4% 3k 7% 5 VLK AR S0 0 o 17 352
B, 41 M S280 2 BT - 20 CUKARAR-AE . FEALIEE
36 KRR TERE ARBY TR BH B R AAE A S
WEFEAPRL, B 1 SR A Y R AR b s, SRR 40
FEACR B F IR 2R [ PR AL 31 7 ) s A Sk 2Z 1]
(I K 3o
1.2 EFZ DNA §iREX

RS IR LA T, 420 i 0.2 ~
0.5 g WINLAREARZ Ay . R Ezap FEX S HE A
41 DNA 4 i & ( Bl TAY) TRARA
H) SEICEE IR 2 DNA, HAR A #4F J7 vk 2 PR i)
AU SR LA DNA ] 1% 193588 4
BEIRHL UK A TR, 5 A B REA R AE T - 20 C oK
G
1.3 MIEMSREFEmMSE

TEC KA SCHR ™ e B 23 AN TR 45
PR R A 8 2 TS B 0 e ), B 16 %
Z AP RBRRE T IS B B TR 51 W R AT A B
LT HTIME R IR 1, A58 H -
A TAEWEOARA IR w5 0, 35 25 R 10 51 ) Y
5'%i ] FAM 256 4R R . PCR 434 (1% S I 44
N 25 pL, A HE AR DNA| B T g4 1
pL 12,5 pL 1Y Mix {5 SOV, K L 51
JKAN B 2 25 plo RN ZECH 95 C fiAs Pk 3
min,94 CA5M: 35 5,53 ~60 CiR K 40 s,72 °C 4t
fif 70 5,35 DMEER PEIEE A 5T 72 C i 10
min,4 CRR . TN ERC 2/ DgESY 1
— U, ARIESS R n HER M

PCR 4 B4 =47 ABI 3130 [ 3] DNA 4M74%
EFEAT 2 By B, {fE ] GeneMarker 1. 85 %k {4
(Applied Biosystems ) 32 B 73 US4 , -4 AT
X FIALIE
1.4 RS

{4 Fi| Excel Mircosatellite Tool kit F2F, 4t
TR AL 1 5 0 BE R 2 7505 R &
(PIC) . i} Genepop 4.0 FfF™ 435l iH5145 4>
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Fig.1 Sampling sites of N. asiaeorientalis sunameri

in the Yangtze River Estuary
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Tab.1 The microsatellite primers used in this study

JEAS B RS HE T SEP QI 3
Locus GeneBank Primer sequence (5'—3") Repeats Tm/C
i F:TTTGGAAATTGCTAGACTGTGG
YFPSSRI1 DQ159292 (AC) s 60
R:CCTCTTACGCAAGATAAAAGTGG
F: AATGGAAGCAAACTGAATGTCC .
YFPSSR11 DQ159297 (CA) 53
R:GGTCCATCTATATTGCCACAGA
F:CCTCTCCAAATGGATGTCAAA
YFPSSR17 DQ159301 (AC)xTC(AC); 60
R:CAGGTGAAGACTGTTAGAGAAACG
F:GGAATCACTTAGGATGCTTTCA
YFPSSR20 DQ159303 (CA) 60
R:CCTCTCTGGGTTGTTTCTTGTT
F:CCAGAGGAATATAAGGCAGCAT
YFPSSR27 DQ159305 (AC) g 58
R: AAATTATGGTGGTACCGGATTG
F: CTGCTTTGTTCTCACTGAATGG
YFPSSR32 DQ159307 (GT) 58
R:TTCTTCCACTTTCACCATCTCC
F:TCCGTAGGCTTGGTTCTTGTAT
YFPSSR42 DQ159308 (GT) 1 (GA)y 60
R:AGGGGACCCTAAGTTTTCAGAG
F:GCACCTGGGTACTGTCCATATT
YFPSSR59 DQ159311 (CA) s 59
R:TCTTCCAAATACCTGCCTTCAT
F:GTGAGCCTCAATGTACCAAAAAC
YFPSSR60 DQ159312 . . (AC) o 57
R:CTGTTCTGTTGGTTTTCCTTTC
F:GATGCTGGAGGAGTCCAATAAC
YFPSSR62 DQ159314 (CA) g 58
R:TGACTGGTATGTGCCGTGATAC
F:CCTCAGTGTTGTCCAGAGAAAAT R
YFPSSR64 DQ159315 (GA);GG(GA) o 60
R:GCCTTTCCTCACTTCACACTCT
F: AGACTCCAAGTCCACAACTGCT
YFPSSR66 DQ159317 (AC) 4 60
R:CTAGGAGTCTGCAGTCCGAAAG
F:CCCATGAAGAGTGTGTACGTGT .
YFPSSR67 DQ159318 (AC),, 60
R:TTAGGCAGTCTGGCTCAACTCT
F:GAGGACAGGGTGGTATGTTGTT
YFPSSR69 DQ159319 (GT) 4, (GC),4(GT), 58
R:CATAGTCACCAGTGCATTTCCA
F: ATGTCACTGTTGTGGAGAG .
NP399 EF150944 (CA) g 57
R: TGTTAGAAATGGCAGAATG
F: CCAGAGAATCAGAACCAATAG
NP428 EF654680 (GATA) g (GACA), 57
R:CCAGAATCACACGAGCCT
) 1t B 0.5 DLE, V443K 0. 718, Iy g f B 5 A8
Zh

2.1 KIOEHIBRALT#AESEESFLE
Fr o3 i) 36 SKVLIAEATE 16 > 28T
B EIRER T T RS S R £
FEMES B 2, AT 0L, 16 A7 S A6 5R15 129 4
SR BT B A A A AR s 1 ) A
7 R AE 6 AL L P30 8.1 A4 i
YFPSSR59 ()45 i JE R B 13 A4S, 1HR RIS 1
WML LR 4 BE Ho {E 0. 500 ~ 0. 889 Z [a], 1Y
0.733; W18 4e4 i He 1£ 0. 613 ~0.893 2 [i], -
¥10.758  PIAE -3 E L3423, {H He 19724k
JEHEIEAE T, 16 M s 2B ME(E B (PIC)
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S
2.2 Hardy-Weinberg &5 16

Xf 16 TR A s AE 36 MEA I Bk Ay
Hardy-Weinberg -7 #6: 36 45 5 W7, B YFPSSR]
1 YFPSSR20 7 2 i B Hardy-Weinberg - fif
(P <0.05) LISk, Hoax 14 A7 S A A 25 Hardy-
Weinberg *F-fff (P >0.05) , sk K45 R B,
T BV S YFPSSR27 . YFPSSR42 | YFPSSR62 il
NP399 (348 R E Fis /NT 0, FH 4 12 M S
Fis {7 0. 004 ~0. 187 Z 6], FpEEAY Y Fis (B
0 0.034 REIFPRENAAAEE T SC MG (3R 2) .
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Tab.2 Genetic diversity index of 16 microsatellites loci in N. asiaeorientalis sunameri in the Yangtze River Estuary

(A BN SOERE O MRAAE MEXAGE  ZAGESE WRVE A FREL

Locus Size range Na Ho He PIC Puwe Fis
YFPSSR1 174 ~ 186 6 0.694 0.820 0.780 0.034 " 0.155
YFPSSR11 182 ~198 9 0.778 0.793 0.759 0.654 0.020
YFPSSR17 168 ~ 182 7 0.750 0.812 0.772 0.075 0.078
YFPSSR20 145 ~ 163 9 0.500 0.613 0.588 0.030 " 0.187
YFPSSR27 181 ~199 9 0.667 0.646 0.603 0.739 -0.032
YFPSSR32 160 ~ 186 11 0.750 0.823 0.791 0.437 0.090
YFPSSR42 181 ~203 7 0.778 0.631 0.572 0.514 -0.237
YFPSSR59 170 ~204 13 0.833 0.893 0.870 0.086 0.068
YFPSSR60 123 ~ 139 6 0.722 0.780 0.735 0.315 0.075
YFPSSR62 192 ~206 8 0.750 0.685 0.649 0.766 -0.096
YFPSSR64 216 ~236 6 0.694 0.748 0.705 0.205 0.072
YFPSSR66 158 ~ 184 9 0. 806 0.832 0.797 0.235 0.032
YFPSSR67 195 ~213 6 0.694 0.737 0.684 0.104 0.059
YFPSSR69 196 ~210 8 0.750 0.753 0.712 0.480 0.004

NP399 223 ~237 8 0.889 0.830 0.793 0.855 -0.072

NP428 134 ~162 7 0.667 0.736 0.684 0.075 0.096

Mean 8.1 0.733 0.758 0.718 0.034

E:*P<0.05

Notes: “ P <0.05

2.3 EEmRIRE SMM Fi1 TPM #5%I R | {37 &5 YFPSSR1 , YFPSSR20 .
FF TAM SMM FiI TPM A9 { %, 5 8K 0 YFPSSR27 .YFPSSR42 F1 YFPSSR62 [ He 5 Heq
EFHILKAR WAL FPTE 3 Fho 8RN )P 1300 W fr 78 B % 22 &, H b fi & YFPSSR20,
HIRETE (Heq) , W3R 3, 76 IAM BIRU R fiifi  YFPSSR27 1 YFPSSR62 [¥) He 5 Heq 25 -1 i
YFPSSR17 . YFPSSR60 #1 NP399 {9 He il % & T LA HAMA S He 5 Heq 227 NIA R

Heq, {355, YFPSSRI [ He 2.3 T Heq; 1

£3 KIIOFEHTIRE IR EER T2 6L = SR 2 47

Tab.3 Analysis of bottleneck by locus for N. asiaeorientalis sunameri in the Yangtze River Estuary

(O FEAEL BUEp ity 1AM SMM TPM

Locus Sample size He Heq P Heq P Heq P
YFPSSR1 36 0.820 0.593 0.002 " * 0.733 0.028 " 0.721 0.020"
YFPSSR11 36 0.793 0.734 0.292 0.831 0.129 0.824 0.185
YFPSSR17 36 0.812 0.652 0.030 " 0.778 0.284 0.766 0.195
YFPSSR20 36 0.613 0.725 0.128 0.835 0.000 * * 0.825 0.002 " *
YFPSSR27 36 0. 646 0.732 0.165 0.832 0.002 " * 0.821 0.006 " *
YFPSSR32 36 0.823 0.785 0.374 0. 866 0.085 0. 860 0.123
YFPSSR42 36 0.631 0.651 0.349 0.774 0.014~ 0.766 0.032"
YFPSSR59 36 0.893 0.837 0.095 0.899 0.317 0.896 0.374
YFPSSR60 36 0.780 0.599 0.032" 0.733 0.252 0.719 0.213
YFPSSR62 36 0. 685 0.729 0.246 0.831 0.004 " * 0.824 0.007 * *
YFPSSR64 36 0.748 0. 606 0.109 0.733 0.518 0.724 0.449
YFPSSR66 36 0.832 0.727 0.082 0.831 0.441 0.822 0.498
YFPSSR67 36 0.737 0. 604 0.156 0.733 0.434 0.726 0.481
YFPSSR69 36 0.753 0.692 0.345 0.807 0.106 0.799 0.149

NP399 36 0.830 0.701 0.038" 0.809 0.373 0.800 0.301

NP428 36 0.736 0.655 0.274 0.776 0.185 0.767 0.230

Y He 5 Heq 255 (P <0.05) ;" He 5 Heq % 5% 5 (P <0.01)
Notes: * Significant difference from He and Heq at P <0.05; ** Significant difference He and Heq at P <0.01
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i i Sign test f1 Wilcoxon test 435 %f | iA 3
T R ARSI TS (1) b B O 0 2050 o7 47 A, 5 5
F 4, 78 TAM BEBIE , Sign test 460 3 A7 & BixX
— VLA e 25 28 A2 - I #8 P, 111 Wilcoxon test
I ) e BRAZ AR O 2 1 9878 - VR Ty , SR BE
W ARG I (P <0.05) ;7E SMM F1 TPM
BORUN BAR L T 28 & Pl #M B4, {5 Sign
test 1 Wilcoxon test Fzil] 3435 2] i F K- o

Kl 2 F T 3T Mode-shift 43 #3815 1) 16
MO R SN R~ PN BB o F ] IS ¢ =
TR A I AR FAE 0.1 ~0. 7 JE N
B o3 A B A A LA BT 22 5o o, A7
YFPSSRI {4 45 (o7 JE PRI 2253 A f£ 0.2 ~ 0.3,
V5 YFPSSRO4 [y 45 {v Jk R 45 % 3 %2 43 1 4
0.1 ~0.2, HAFA7 L R 53 A W] 08 At 25 1 - fliy
RETWLIE AT, HoAth 14 A7 Y 550
PR3 A E2EAE 0 ~ 0. 1, R B TR Z i 45
(VSS9 | 75

F4 KIOFEEHTIHRFRILIT A
0L 350 350 5z P e
Tab.4 Bottleneck test of N. asiaeorientalis sunameri
population from the Yangtze River Estuary

Ko 7 1 P{H P value
Test 1AM SMM TPM
Sign test 0. 160 0.157 0.155
Wilcoxon test 0.008 " * 0. 894 0.958
T W R B V(P <0.05) " * LW T2 -

BT (P <0.01)

Notes: * Significant deviation from mutation-drift equilibrium at P <
0.05; * " Significant deviation from mutation-drift equilibrium at P <
0.01

2.4 FHHMBEHEIN

fifiJH Msvar 1. 3 B00F R 6 % i i AC T (8]
PORISUNE RS < AN 7/ A& N EERS  F NN
PRSI ] ROBE (T) 15 1A 5, A 4bLis 5y
GRS, WL, 4 Yas BT R 25 R B R
I ORI (No) 1 B s A7 38R 3 K/
(NU) 58 a2, FHER/NARAL I FUTATAZ AL (r =
1) IR 2l (g i 1] (7) e Jeik e . A4 53345
S BT ORI (No) 2970 5 623 3k (3 5) , LA
HOAT ORI A i 2 L 3
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3.1 KIIOFEE TR I f a5 S

WG S il T RO D ARA R Bt
JIT o BT RE A 55 1) 22 5 RN 2 M s ok 40 I A 6
WS ST 5 R 5 2 — . Hardy-Weinberg F-
PG B 2 VA5 R A 1 e B L PR 43 281 i 4y
PRAGEESE T B, BRI/ T SEAC I 25 7 3
G A B AT O AR I A b R S PR R R S
Hardy-Weinberg - . WL BT Hr i 16 4>
TR 2 AT 5 1E 36 SkTTIK AT 14 A7 5, 1
J&& Hardy-Weinberg -7 , 36 B BT Pe 5 1O RE A A AX
WO T TE AL TR AR L BA

SEMTIERE . 205 B i (PIC) Mg e 24
B CH) SRR Rl e AL 22 RErE e R0 1 B4
PRo ANBFZETHE G 16 AN T AR A0 5, 14 25 o7 ik
PR 6 ~ 13 A2 0], P15k 8. 1A i T F
WAL AT I DA R A 4 DA EH
MRRIE . — AN, M Z A5 B & & PIC >
0.50, v E LA R, 24 0.5 >PIC >0.25
I, R B 28R 55 24 PIC <0.25 I, M AIREE
ZRMEAS R . AT 16 A TR
MM ZEMEE R e (PICO)E¥E.5 DLE, %
W) BT L b R A AL S5 o 1 P Y 2 SR S

WA B R R WHE AR ALE 24> E 7 1 1 st
e R R E SR R E S
o RSO A A UL AR T K YL R R
(AL & 1 (He) £ 0. 613 ~ 0. 893 2 [A], -1
3 0.758, ik — WA B (He ) WAL T W] —E
P AL SRR (LR T RIC P T K
WHAFPEE(F 6) . H5HAMB YA, 22 H 1L
FRCK T 10 Fof B P 8 A2 22 K P AT T B T K
1) e TR SR S I I A VS R, (H 22 R A
UL TR L S 8 B v AR T 1L %
FEME . SkEAMFLSIAR L, 2 B LK L O R
FEX T 2 AN K AESRIRE, B 5 T 1 AN AL Fp
TR 3 AN a5 Fp e, ] O, 5 HoAth 51 fe o FP A
FE L A AR VIR 2R 0 S0 K VT 11 ol B A7 9K EL A A o
BRI A
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Fig.2 Distribution of allele frequency at each microsatellite locus in N. asiaeorientalis sunameri

population from the Yangtze River Estuary
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F5 KIOFEEHLHERLITFFEELKN
T L) Msvar 53 HT 45 5R
Tab.5 Results of Msvaranalysisin population sizes of

N. asiaeorientalis sunameri in the Yangtze River Estuary

B logl10 [ Converted value
Run N N, T Ny N, T
1 3.75 3.75 ot inferred 5623 5623 not inferred
2 3.75 3.75 not inferred 5623 5623 not inferred
3 3.75 3.75 ot inferred 5623 5623 not inferred
4 3.75 3.75 notinferred 5623 5623 not inferred

T No o RTA BN N, D S SR /N T D R
Ve B 18] GBS TETEHEWT)

Notes: N, mean current effective population size; N, mean historical
effective population size; T mean time in years since population size

change (runs did not infer)

3.2 KIIAEHLIHEKRILILH DL
MRS AT BE2x 18 Ik 5% B AR 0 2K 3t 1L 78
S LR A AR LR DR R, DA T AR A
W) IR K A () ] REPE o XTI
22 13 T TS0 A P A UL, <507 ik DR B A 2k
BEAR 2 AR, (EL phy 45 A3 22 D AR Py i3 JEE

1.2

1.0

0.8

0.6

#F Density

0.4

0.2

0 2 4 6 8

1ogl0 (8 3 FIFEER/)
loglO(effective population size)
B3 fEMNKINESIEFLEIMER
FhEER/INEI S 70 i 2
Fig.3 Estimated distribution of effective population
sizesof N. asiaeorientalis sunameri in
the Yangtze River Estuary
Pl v R AR AR A BRI/ (NG ) 20, SE AR I A Ak
FHEIRD (N, 234
The dashed line represents the distribution of current effective
population size ( N ) ; the solid line represents the distribution of

historical effective population size(N,)

x6 HELTHEYMEERSHEKTRRE

Tab.6 Genetic diversity comparison among several endangered species populations in China

Pyl itk B W a I REMeR Bkl
Species Population Samples He P Data source
Ko .
3 . - NI
Yangtze River Estuary 6 0.758 ARBIEIE
(R RINS KATH T :
Neophocaena asiaeorientalis Middle and lower reaches of Yangtze River 30 0.659 0.014 [22]
BIFILHS
Northern Yellow Sea 147 0.794 0.319 (15]
I TEITIR it
Neophocaena phocaenoides South China Sea 69 0.780 0.719 [14]
24 LR
Phoca largha Liaodong Bay 25 0.760 0.943 [36]
LRI 22 0.648 0.011"
FeHES Wanglang protected area [37]
Ailuropoda melanoleuca 22y
RIRFX 2 068  0.097
Tangjiahe protected area
FIEF AR
Wild group in Xuancheng ? 0.330 B
N g ey
W By IR 1 0.340 - [38]
Alligator sinesis F; captive group
¥, fRFREE
F, captive group 19 0.380 -
AALsE HERYIX
Panthera tigris altaica Huichun protected area 24 L B [39]
. P<0.05

Notes: “ P <0.05
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(F5) , RUIIL 0 A VLKA W Fp R 7E 11
s EIREA 2 i WA BRI S, Xl R
22 Pk 3 Y A e AR R ST B AT A B 2 R
PEARERTE o 2%, 30 —FIRE B AR A KR
AN AR, (EL 73 A1 JE [ AT BE L1z, RS
HURBRFAVL H K sk FATAE KV 1 R SR VL
AR, SR b 2R P B B2 K B R 4
(IR

RIFE LI RE TR 5= FETHRETTK
L A2 E A2 PR T KA B, 4F BB

SE

[1] JEFFERSON T A, WANG J Y. Revision of the taxonomy of

finless porpoises ( genus Neophocaena) : the existence of two
species[ J]. Journal of Marine Animals and Their Ecology,
2011, 4(1): 3-16.

[2] WANGJY, FRASIER T R, YANG S C, et al. Detecting
recent speciation events: the case of the finless porpoise
(genus Neophocaena) [ J]. Heredity, 2008, 101(2) . 145-
155.

[3] JIAKT, LINWZ, GULD, et al. Molecular evidence reveals

Indo-Pacific  finless

the distinctiveness  of porpoises

( Neophocaena phocaenoides) in the Pearl River Estuary and

[10]

[11]

[12]

[13]

[14]

insights into genus Neophocaena’ s origin [ J ]. Marine
Biology, 2014, 161(8) : 1919-1930.

MEI Z G, HUANG S L, HAO Y ], et al. Accelerating
population decline of Yangtze finless porpoise ( Neophocaena
asiaeorientalis asiaeorientalis) [ J]. Biological Conservation,
2012, 153 192-200.

B, F5AZL, HZNE, &5, UL H Sk TGS Y 4F 1
RICHAITLT]. LR R 2244, 2009, 18(1) « 111-
114.

WEI K, GUO H Y, TIAN Z Q, et al. Age and cause of
death for two remains of finless porpoise ( Neophocaena
phocaenoides asiaeorientails ) found at the estuary of the
Yangtze River[ J].
2009, 18(1) . 111-114.

ZHAO X J, BARLOW J, TARLOR B L, et al. Abundance
and conservation status of the Yangtze finless porpoise in the
Yangtze River, China[ J].
141(12) ; 3006-3018.
WANG D. Population status, threats and conservation of the

Journal of Shanghai Ocean University,

Biological Conservation, 2008,

Yangtze finless porpoise [ J ]. Chinese Science Bulletin,
2009, 54 3473-3484.

WANG J Y, REEVES R R. Neophocaena phocaenoides C//
TUCN 2010. IUCN Red List of Threatened Species. Avaiable
online;: http://www. iucnredlist. org/.

WANG D, TURVEY S T, ZHAO X, et al. Neophocaena

In TUCN red list of

Avaiable online;

asiaeorientalis ssp. asiaeorientalis.
threatened species version 2013. 1.
http : //www. iucnredlist. org/.

GAO A L, ZHOU K Y. Growth and reproduction of three
populations of finless porpoise, Neophocaena phocaenoides, in
Chinese waters[ J]. Aquatic Mammals, 1993, 19(1): 3-
12.

Lnn, K, BT, . R R AR S 40
BHPMEH R 0 M [T ] Bl i R 27 24, 2017, 26
(6): 818-827.

TONG Y Y, TANG B, TANG W Q, et al. Analysis of
somatotype parameters and liver histology of an abnormal
finless porpoise at the Yangtze River Estuary[J]. Journal of
Shanghai Ocean University, 2017, 26(6) : 818-827.
RIS, JHSCTT. QUL PRI L IO 14 g Py 2 SR
o h i p e i [ 1], shf2 ik, 2016, 51
(3): 337-346.

XU T Y, TANG W Q. Comparative analysis on isomer-
specific of polychlorinated biphenyls in the dead bodies of two
finless porpoise subspecies in Yangtze Estuary[J]. Chinese
Journal of Zoology, 2016, 51(3) : 337-346.

TRISIL, WERNE, BT, . KL OB LKA
RAJLAN BT R & 5 A (1], S 23k,
2016, 51(1): 22-32.

XUTY, YAOS C, FAN M N, et al. Concentration and
porpoise
( Neophocaena astaeorientalis sunameri ) in Yangtze River
Estuary[ J]. Chinese Journal of Zoology, 2016, 51 (1) ; 22-
32.

CHEN L, BRUFORD M W, XU S X, et al. Microsatellite

distribution  of trace elements in finless

variation and significant population genetic structure of

http: //www. shhydxxb. com



664

oo FE K ¥

¥k

27 %

[15]

[16]

[18]

[19]

[20]

[21]

[22]

[24]

[25]

endangered finless porpoises ( Neophocaena phocaenoides) in
Chinese coastal waters and the Yangtze River[ J]. Marine
Biology, 2010, 157(7) : 1453-1462.

LIX, LIU Y Y, TZIKA A C, et al. Analysis of global and
local population stratification of finless porpoises Neophocaena
phocaenoides in Chinese waters[ J]. Marine Biology, 2011,
158(8): 1791-1804.

CHEN M M, ZHENG J S, WU M, et al. Genetic diversity
and population structure of the critically endangered Yangtze
finless porpoise ( Neophocaena asiaeorientalis asiaeorientalis)
as revealed by mitochondrial and microsatellite DNA [ ] ].
Internation Journal of Molecular Sciences, 2014, 15(7):
11307-11323.

CHEN M M, FONTAINE M C, CHEHIDA Y B, et al.
Genetic ~ footprint  of  population  fragmentation — and
contemporary collapse in a freshwater cetacean[ J]. Scientific
Reports, 2017, 7(1) . 14449.

PRI, ST, REICTR, S IV TR I A
[J]. h#2ak, 2014, 49(2) . 145-153.
YAO S C, FAN M N, TANG W Q, et al.

finless

Survey on
porpoise  ( Neophocaena
asiaeorientalis) in the estuary of Yangtze River[ J]. Chinese
Journal of Zoology, 2014, 49(2) . 145-153.

B, mm, O, % RKILH RS YKL IE R
TEVRA[T]. BWEPERsAE, 2018, 27(1) « 126-132.
TANG B, TONG Y Y, TANG W Q, et al. Population size

population  size  of

survery of Yangtze finless porpoise in the Dongfengxisha
waters of Yangtze River Estuary [ J]. Journal of Shanghai
Ocean University, 2018, 27(1) : 126-132.

JESCFY. KA BT K AE LB RT3 [ M ]/ R TG
RHEEIUBL M B AR IR B E SRR e B
At , 2003.

TANG W Q. Aquatic mammal records near the estuary of
Yangtze river[ M]//CHEN J K. Scientific Investigation of the
Jiuduansha Wetland Nature Reserve. Beijing: Science Press,
2003.

CHEN L, BRUFORD M, YANG G. Isolation and characterization
of microsatellite loci in the finless porpoise ( Neophocaena
phocaenoides) [ ]]. Molecular Ecology Notes, 2007, 7(6) :
1129-1131.

ZHENG J S, LIAO X L, TONG J G, et al. Development and
characterization of polymorphic microsatellite loci in the
finless (' Neophocaena

endangered  Yangize porpoise

phocaenoides asiaeorientalis ) [ J]. Conservation Genetics,
2008, 9(4) : 1007-1009.

KRR, BUINBR, B4, 4. KILILIKGL LA DNA 4
BRI T]. KAk, 2008, 32(1) : 19-25.
ZHENG J S, LIAO X L, TONG J G, et al. A pilot study on
isolation of microsatellite dna in the Yangtze finless porpoise
( Neophocaena  phocaenoides asiaeorientalis ) [ J ]. Acta
Hydrobiologica Sinica, 2008, 32(1) . 19-25.

PARRA-OLEA G, RECUERO E, ZAMUDIO K R. Polymorphic
microsatellite markers for Mexican salamanders of the genus
Ambystoma [ J]. Molecular Ecology Notes, 2007, 7 (5):
818-820.

ROUSSET F. Genepop’ 007 ; a complete re-implementation of

http: //www. shhydxxb. com

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

the genepop software for Windows and Linux[ J]. Molecular
Ecology Resources, 2008, 8(1) : 103-106.

ENGELS W R. Exact tests for Hardy-Weinberg proportions
[J]. Genetics, 2009, 183(4) . 1431-1441.

CRANE P A, LEWIS C J, KRETSCHMER E J, et al.
Characterization and inheritance of seven microsatellite loci
from Dolly Varden, Salvelinus malma, and cross-species
amplification in Arctic char, S. alpinus[ J]. Conservation
Genetics, 2004, 5(5) : 737-741.

LUIKART G, ALLENDORF F W, CORNUTE J M, et al.
Distortion of allele frequency distributions provides a test for
recent population bottlenecks [ J ]. Journal of Heredity,
1998, 89(3) : 238-247.

PIRY S, LUIKART G, CORNUTE J M. Computer note.
Bottleneck: a computer program for detecting recent
reductions in the effective size using allele frequency data
[J]. Journal of Heredity, 1999, 90(4) : 502-503.
OROZCO-TERWENGEL P, ANDREONE F, LOUIS E Jr, et
al.  Mitochondrial introgressive hybridization following a
demographic expansion in the tomato frogs of Madagascar,
genus Dyscophus [ J]. Molecular Ecology, 2013, 22 (24)
6074-6090.

STORZ J F, BEAUMONT M A. Testing for genetic evidence
of population expansion and contraction: an empirical
analysis of microsatellite DNA variation using a hierarchical
Evolution, 2002, 56(1) : 154-166.
BEAUMONT M A. Detecting population expansion and decline

Genetics, 1999, 153(4) . 2013-

Bayesian model[ J].

using microsatellites[ J | .
2029.

RN, AR, BRHE, A BCRAGRE b AR R g
RN T RAHTT]. K24k, 2017, 41(1):
31-39.

SONG W, MENG Y Y, JIANG K J, et al.

genetic  diversity among

Analysis of
seven wild Collichthys lucidus
populations by using microsatellite marker [ J]. Journal of
Fisheries of China, 2017, 41(1): 31-39.

WAJID A, WASIM M, YAQUB T, et al. Assessment of
genetic diversity in Balochi and Rakhshani sheep breeds of
Balochistan using microsatellite DNA markers [ J ]. JAPS;
Journal of Animal & Plant Sciences, 2014, 24 (5) . 1348-
1354.

FNFE, REL, AN, . PERA MR RE S 2
Brid]. R 24, 2012, 21(6) : 951-954.
GONG X L, WU Y, REN S J,

characterization microsatellite

et al. Isolation and

markers from  Hypomesus
nipponensis| J]. Journal of Shanghai Ocean University, 2016,
21(6): 951-954.

LI X, TZIKA A C, LIU Y Y, et al. Preliminary genetic
status of the spotted seal Phoca largha in Liaodong Bay
(China) based on microsatellite and mitochondrial DNA
analyses[ J]. Trends in Evolutionary Biology, 2010, 2(1):
33-38.

YANG J D, HOU R, SHEN F ], et al. Microsatellite variability
reveals significant genetic differentiation of giant pandas
(Ailuropoda melanoleuca) in the Minshan A habitat [ ] ].
African Journal of Biotechnology, 2011, 10 (60): 12804-



5 3 AR A AT LKA 8L Z AR BUIR SR e 3 745 665

12811. [40] PANNELL J R. Bottleneck effect{ M]//MALOY S, HUGHES K.

[38] #f, LA HTFEERhBEm i DR DNA 245 e Hast g Brenner’ s Encyclopedia of Genetics. 2nd ed. Amsterdam:

ZREMEGA R [J ], L4, 2004, 31(2) : 143- Elsevier, 2013 ; 362-365.
150. [41] SPENCER C C, NEIGEL J E, LEBERG P L. Experimental
HUANG L, WANG Y Q. SSR polymorphism of Alligator evaluation of the usefulness of microsatellite DNA for
Sinesis and conservation strategy of genetic diversity[ J]. Acta detecting demographic bottlenecks [ J ]. Molecular Ecology,
Genetica Sinica, 2004, 31(2) : 143-150. 2000, 9(10) : 1517-1528.

[39] WANG D, HU Y B, MA T X, et al. Noninvasive genetics [42] HURTADO L A, SANTAMARIA C A, FITZGERALD L A.
provides insights into the population size and genetic diversity Conservation genetics of the critically endangered saint croix
of an Amur tiger population in China [ J ]. Integrative ground lizard (Ameiva polops Cope 1863) [ J]. Conservation
Zoology, 2016, 11(1) : 16-24. Genetics, 2012, 13(3) : 665-679.

Analysis of genetic diversity and population dynamics of the narrow-ridged
finless porpoise in the Yangtze River Estuary

ZHANG Feng'?, ZHANG Baowei’ , TANG Wenqiao">*, LIU Jian’, WU Jianhui’, TANG Bin'

(1. Shanghai Universities Key Laboratory of Marine Animal Taxonomy and Evolution, Shanghai 201306, China;2. Key
Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Ministry of Education, Shanghai Ocean University,
Shanghai 201306, China; 3. School of Life Sciences, Anhui University, Hefei 230601, Anhui, China; 4. National
Demonstration Center for Experimental Fisheries Science Education, Shanghai Ocean University, Shanghai 201306, China; 5.

Superintendency Department of Shanghai Yangize Estuarine Nature Reserve for Chinese Sturgeon, Shanghai 200092, China)

Abstract; Located at the confluence of the East China Sea and the Yellow Sea, the Yangtze River Estuary is
the area of overlapping distribution for two subspecies of the narrow-ridged finless porpoise ( Neophocaena
asiaeorientalis) . In recent years, finless porpoise deaths occur frequently in this area, which has aroused
widespread concern of the public. In this study, the genetic diversity and population dynamics were
investigated using 16 polymorphic microsatellite loci in 36 samples of the East Asian finless porpoise (V.
asiaeorientalis sunamert) from the Yangize River Estuary. The results showed that 14 microsatellite loci did
not deviate from Hardy-Weinberg equilibrium except for 2 loci. A total of 129 alleles were obtained in all of
16 loci with an average number 8. 1. The average of observed heterozygosity ( Ho) was 0.733; the average of
expected heterozygosity (He) was 0.758, and the value of the polymorphism information content (PIC) was
above 0.5. The level of genetic diversity is similar to marine mammals such as the Indian-Pacific finless
porpoise ( N. phocaenoides) and the seal ( Phoca largha) , but significantly higher than valuable terrestrial
mammals such as the giant panda (Ailuropoda melanoleuca) and the Amur tiger ( Panthera tigris altaica). In
addition, the heterozygosity excess test and Mode-shift analysis showed that the population has not experienced
genetic bottleneck effects during the recent historical period. Meanwhile, 4 simulations on Msvar software
exhibited virtually no detectable effective population size change in their recent past, and estimated the recent
effective population size about 5 623 individuals, which revealed that the population of N. asiaeorientalis
sunamert is large and stable in the Yangtze River Estuary.

Key words: Neophocaena asiaeorientalis; Neophocaena asiaeorientalis sunameri; microsatellite loci; genetic

diversity index; bottleneck effects; population dynamics
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