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1.1 pHEF

AR 83 35 R A B K 2 T X I 1 5 %
H L 1 ERUP T 2 R DR ) T R B AR 19904 KA
U5 7 £ 3 1 ) g 7 IR 46 Fh ¥ (Parthenogenetic Ar-
temia, 1990-BHB). 20104 111 %< 32 1 £ 3% (2010-
BHB) 1202 14E I #5137 (2021-BHB) ) 31 i & A
#¥ (Parthenogenetic ArtemiafllA. franciscana)~ 1990
SF (1) 5% [E SFB i B #h ¥ (4. franciscana, 1990-SFB)
20184 11 Bk mF 7K M X1 HL Fh BE (4. franciscana,
2018-VT; & 1) b UHR A0 2% A1 i B228°C, R A2
30 g/L, Ot 2000 1x, #F2EHES . A6 24h)E, IR
XTI, B E1 LR 5%, B N0.5H/
mL. FR54F: IRE28°C, £330 g/L, HlE2000 Ix.
T R AR T BN R, B3R 1 OK
1.2 KEINEFIRK BFASFHEN 2 & 5747

I R SAN AR i BB, 7E 3R 530 g/Lig K
HiK A 2h, 8 5 X ERTRE E E . F e
e X 300—500N /K & o HUBR AR EAT I . M
AR B U B MR 7 U T B 158 ), 7E
62 BT 43 ) e M A %30 1 i B HEAT T A5 2
WM. MEMEI SRR A, 1K A%, RN
PE. HAREAS. Sl KA G0 5 AR M
BhR: R, K. fRvE. ERMME. SRERE.
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RSP I A S R 20 S
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Tab. 1 Sample sources and information

P45 FE R At REFy TR e 5 YL iEA
Sample abbreviation Sample source Collection year Cysts Bank ID Note Species name

1990-BHB R 1990 CHN-SW-19 Vol VS X L i parthenogenetic Artemia

2010-BHB LRI 2010 CHN-SW-9 YAV 1 R TR ﬁa“heno.ge“e“c Artemia
. franciscana

2021-BHB B 2021 CHN-SW-75 b i i ﬁa“heno.ge“e“c Artemia
. franciscana

1990-SFB K1 H 4 1L 1990 USA-SW-1 A RUSERA A franciscana

2018-VT R 7K 2018 VN-SW-3 R bt R A. franciscana
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KEPE, BfERIZRENE, SPRHIR Z S8, Tajima’s
DA FIFHNETWORKH A 22 i) 5% A1 W 4 &, @
i Arlequin 3.5%% 1 "5 47 38 4% 4 1L 48 B (Fo) 0
T K 107 Z 5 BT (AMOVA). #5515 A\ 5
MEGAK 7, 1845 BE 25 A8 i K S A USR5,
A% F Kimura 22 B0 R 3E 4T 0 07 o 340 B A4
15 FH e RALORE, H A il (Bootstrap test) 1 B N
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2 #£R

2.1 FEIFBFAIIEHELE it o

TEAH [F] 26 A T SASPPORE 1Y) ot R AT 85 9%, [A)
S S A () ol 20 £ M A LR AT SRt 45 R 5 U —
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2.2 HHAESFENEESH

FEIHRMEFNKENENESH  AFH
P UK G BRI 2 IES A AA1990%2021
F, 0 U AR (R 7K A OP AR M 254.56 pmiik /) &
238.76 um, £ %= /N T 1990-SFB H /K & 90 12
(244.96 um). 2018-VT i B Ff B 7K & B 4% B /08,
H %2/ F i v M £ (1990-BHB 2010-BHBHI
2021-BHB)#11990-SFBF #£(P<0.05; & 3).

BEZERAES REME R R E, 3 A
) A AR Y T AR R, 1990-BHBFH M 14 1k
BB, AR, 5. WAL, SR
P BIR EAR R A K 7 T 3K T2010-
BHBF12021-BHBF # 4™ 14 (P<0.05), 1fi 2010-BHB
FhEER g RIE S B/ o B4R, 1990-SFBJE A i H
1E 2 MR F I EAE LR /N T1990-BHBA12021-
BHBF M i /M4 (P<0.05), 1H 52010-BHBME HL
BZEFB /M. 1990-SFBH B 52018-VTHF # 7£ £
MEASTER R EEZE R (B 1A).

Sof M i U &, 2010-BHBAI2021-BHBHE 14
TEPE G HUR K B 25 K T 1990-SFBAI12018-VTH B
(P<0.05). It4k, 2010-BHB 5 2021-BHBF #
MK RS FEE T HAE Lt BE E R P<
0.05). 2018-VTM#fMERIENEK . FIZK. SHRHE
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Tab.2 Number and ratio of female and male in the cultured Artemia populations

T
Population 1990-BHB 1990-SFB 2010-BHB 2021-BHB 2018-VT
W st H A s , , , . ,
Females number: males number 33:0 20:15 147:88 38:21 23:20
A , , , _ ,
Ratio of female to male 33:0 1.33:1 1.68:1 1.81:1 1.15:1
#£3 TRIKHEMENKEIIE
Tab.3 Hydrated cyst diameter of different Artemia populations
T
Population 1990-SFB 1990-BHB 2010-BHB 2021-BHB 2018-VT
PN
Kerbite 244.96+18.75° 254.56+14.38" 250.35+19.16" 238.76£19.22° 234.39+12.01°

Hydrated cysts diameter (um)
52 G Az KR
Number of measured cysts

627 562

295 232 574
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Fig. 1

Morphometrics of female and male Artemia

A, BEVE; B HEVE; A 7R A B 252 5 (P<0.05)

A, female; B. male; Different letters represent significant differences (P<0.05)

B HIIR SL A0 R KRS B A IR 2 KT 1990-
SEBF#£(P<0.05; & 1B).

g RSB ER S S xR
TS I B A H s = B A 5 SR B, 3 2|
3N FE RS, B TTERE N 93.01%, HAf FAisr 1.
21 316 TR R 9 A1 N 66.72%  15.20%F111.09%.
FIFH3A 32 o 22 i 5 P8 s A B, 1990-BHBF
5 HARPUA PR SR A/, VLTS =
FEREK. M IMAFEEZ AR TE S AL E
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Fig. 2 Principal component analysis of morphometric data for
female Artemia adults
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T T A R AR B 1 =6 23 o AT 3R 183 32
5y, Bt kR NT6.648%. b F Rk, TR
53 2F0 53 3B DT R 3 40 0 47.46% - 18.81% %
10.39%. F FH 34> 3 5 70 2 i B i B &k 312010-
BHB. 1990-SFBH12018-VTH #f . ] 1) 5 S F5 [
K, U AR S AU 8 & . 112021-BHBY
FHIANFREE ) BEAR TS AU B o EANRAT R
H2018-VTAHI2021-BHBH AN F i (8] 85 5 5 500, Ui
B RAA T A F  E(H 2 = e K (B 3). H I 39
EETRR, MRS AN . BIZEK. K. EIRE
REEFRPREPC U L4552 5K, U B I e MR X 26
A F R R DT R A MR AR, A,
PR SR bR 0 B8 24 3 B 20l 1 DTk R v AR ]
PR RTE SRR RO 583 Rl TR
23 BEHRBRMEZESH

COIERAFHNH AW 7N IR SAFh
B 11795 COR A 7 41, 17 A4 2592 bp, H
2010-BHB5 2021-BHBH# 3% 4 i % 7 & /N, H Y
1990-SFBF B 5 AHALL o 7E 5ANFh BE 6], 1990-SFB.
2010-BHBAH2021-BHBH i & 2E J7 51 A48 5 141 457 £
B %, 2018-VTAHI1990-BHBF 1 ¢ 1] 48 53 %5 /1>
(% 4). BlastttXt 737 iR, 1990-BHB. 2010-BHB
A12021-BHBFH#E A AIUHE A 58 <1 L 5 4. franciscana
ELB 435 140, 0:25811:9 (3% 4), WiHFEIH 4 1L
B 5] B VS S OO 2 4 AR B R .

FREIMEEIREZ M ST BT COBER
(PEL 2 REE S E M &t R, AH LG T FA B,
1990-BHBH B {18 4% 2 #1142 838 B /), 1112021-



13

B A A I < L iy O R i R 1 7 e SRR T 25 M A 25 4 FR S 5
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SFB L\ 12 Ff &t T 1B R S vl #h 37 5, m)
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(] 38 4% 22 BF P % 4K 5 3 2021-BHB>2010-BHB>
1990-SFB>2018-VT>1990-BHBI{jiflita %, H2021-
BHB. 2010-BHBH11990-SFBJ& T~ i B {2 11 £ RE
FIRE(R 5).

BER S FeFSAFIEERI 792 COE A
5 A HEAT BLAE B 43 Hr, SEA I H 224 A L (3R 6)
H v H2. H4. HO6AHILA FE A ER 550 5
17.72%-+ 25.32%- 15.19%A116.46%. H +, H2%
FIH47Y 7 1990-SFB. 2010-BHBA12021-BHBF} #
Pt A AR H6%Y £2010-BHB. 2021-BHBAH
2018-VTHH AT 3 S 11 B A5 2, HI LR A 184> H2.
R AR MCE RS . D R U P R R

m [990-SFB o 2010-BHB

3t %
. o e
o
]
2t R A |
. -k - yHIREf |
| iy | &
3 H 3
s o Se v - gl | s
= 0 R e =
0 [ ] °® * o :
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8 é .
2t * -
ke
73 . <4
ke
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1 1 1 1 L L t .
% 6 4 2 0 2 4 6,
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Lif

1990-BHB = % /) #ii T-HI LATH12 AN B {3 Al v
HH11R & B 92.85%. T 1H 4 1l JiR 46 B A AS
1990-SFB /3 Aii -84 HL 5 AL, BN H2(27.27%)
FIH4%(36.36%). 2010-BHBIEIE Vi & FhE o A
T 10 5 B rp ) 3 2% 2 D H2 Y (20.83%) 1
H4%Y(41.67%). 2021-BHB#) S IR & FhEE AT T
6/ B Y ) 2 B LA A O H2 Y (30.00%) HAZY
(20.00%) FTH6%(20.00%) . 1M2018-V Tk i F #f 7>
T2 G A R, B Y D H6(88.89%) .
15 B o3 A 5 3R B, 99 JiR 4 R 1990-BHB 5
HoA Mo 2 8] BH R g 4% 734k, SFBIR 46 F1#£1990-
SFB52018-VTillk B F ¥ A7 75 B 2845 4 (B 4).

B BREREHSH 5T COBER 43 #1 Kk
B, 1990-BHBF 5 HoAth 4> Ff ¢ 1] (1) 382 4% BE 55 4%
K (0.22022—0.22221), FHAR3AN A 8] 388 4% 7R 25
BN, B/ NIsAE I B A7 T-2010-BHBFREE 51990-
SFBFH ] o B BE 18] ()38 4% 70 A R B F 3R 7
7, 2 HF1990-BHB 52018-VTAMFEA] (138045 701k £
2018-VT a 2021-BHB
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Fig. 3 Principal component analysis of morphometric data for male adults
A. L Etop view; B. £ Emain view

T4 COEFEFIIREEELTRER

Tab. 4 Information on population genetic variation in CO! gene sequences

4= ~ . Ny o o o g B pon
. G TUBERERIRGUE R RFGA MRS REARE ARG
Population  Sam 1e\size (success rate parthenogenetic Artemia:  Conservative  Variable  Single nucleotide Parsimony
P I%or sequencing) A. franciscana sites sites mutation informative sites
1990-BHB 14 (47%) 14:0 590 1 1 0
2010-BHB 25 (83%) 0:25 566 25 19 6
2021-BHB 10 (33%) 19 581 10 4 6
1990-SFB 21 (70%) 0:21 579 12 8 4
2018-VT 9 (30%) 0:9 590 1 1 0
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Tab. 5 Genetic diversity parameters of different populations

. HEAKE AR EZ VS & PSR MR 2 FEAE IR 7 AL
ki - ; :
Population Sample Haplotype Polymorphic Haplotype Nucleotide Mean nucleotide
P number number site number diversity diversity difference number
1990-BHB 14 2 1 0.1429 0.0002 0.1429
2010-BHB 25 11 20 0.8133 0.0053 3.0767
2021-BHB 10 6 9 0.8889 0.0056 3.2667
1990-SFB 21 8 11 0.7925 0.0040 2.2000
2018-VT 9 2 1 0.2222 0.0004 0.2222

*6 TREIMBEINREBRSS
Tab. 6 Haplotype distribution in different populations

LeR gt Tl FEA SR te
Haplotype Population Sample size Percentage (%)
H1 2021-BHB 1 100.00
H2 1990-SFB 6 42.85
2010-BHB 5 35.71
2021-BHB 3 21.43
H3 2021-BHB 1 100
H4 1990-SFB 8 40.00
2010-BHB 10 50.00
2021-BHB 2 10.00
HS5 2021-BHB 1 100
H6 2010-BHB 2 16.67
2021-BHB 2 16.67
2018-VT 8 66.67
H7 2018-VT 1 100
HS8 1990-SFB 1 100
H9 1990-SFB 1 100
H10 1990-SFB 2 100
H11 1990-BHB 13 100
HI12 1990-BHB 1 100
H13 1990-SFB 1 100
H14 1990-SFB 1 100
HI15 1990-SFB 2 100
H16 2010-BHB 1 100
H17 2010-BHB 1 100
HI18 2010-BHB 1 100
H19 2010-BHB 1 100
H20 2010-BHB 1 100
H21 2010-BHB 1 100
H22 2010-BHB 1 100
St Total 79

%ok, 2010-BHB52021-BHBA] f#)38 4% 43 4k 2 %
B/

F| F MEGA 1044 33 346 B, 45 3 & Bl 2018-
VT. 1990-SFB. 2010-BHB#112021-BHB% A — Xk
3, T 1990-BHBE B 5 1 43 57 (I 5), 158 B 1990-
BHBE{ & 5 H A4 N AR AE A Bt L ik, X5

BRI RS FNEELEREYE . o
T Z TR, 94.98% 11174 53 3k [ Fh i 1] 22 57,
1A 5.02%78 57k F R BE N, R0 E BB AL AR 7
TRE SR (AR 8).
3 Wig
31 EEZHEMTR

B AL Z R R AP IS AL S5 A A% O, TEAR
YR AT 77 B R AR R B 1
fe T HRE EEERD. EMANEHRES
b T 38 A% 22 A 1k DA B3 B P 3Rk 2 A SR W Bl N 12
PLERBE 70 £ 2 ey ). A Fh B 3 2 i /b
AR NAR TR LR, X PP R 2 S8
S RN RSN 2 A, AT A 43 N AR b ) 35
FELREVE R T . AW RN, 1990-SFB
TR ARSI 2 AR AL R 2 PR VR 22 R T2018-VT
TR, X 3 B 92 B SFB 1 B 5] N iR 7Kk JH b X f5
SEHBL T BAE 2R IR AR, X5 2 AT R R A R
A, SRR EE AN HB X 5\ SFB B H i 5 A [
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Fig. 4 Haplotype network map of Artemia populations based on CO! gene sequences
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Tab. 7 Genetic distances and genetic differentiation coefficients among five populations based on CO! gene sequences

Tl

Population 2018-VT 1990-SFB 1990-BHB 2010-BHB 2021-BHB
2018-VT 0.0079 0.2222 0.0078 0.0055
1990-SFB 0.2542 0.2202 0.0050 0.0059
1990-BHB 0.6915 0.3257 0.2216 0.2214
2010-BHB 0.2013 0.0081 0.2966 0.0065
2021-BHB 0.1884 0.0038 0.3421 0.0029

TE: A BRI RE R, 2N AR S R AL

Note: The genetic distance is indicated in the upper right, while the genetic differentiation coefficient is shown in the lower left
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Tab. 8 Analysis of molecular variance among different Artemia populations
A SRR H i E 75 EER A 40 4y A5 TR A
Variation source Degrees of freedom Sum of squares Variance component Contribution rate (%)
T[]
Among populations 4 1269.18 20.08 94.98
TN
Within populations 76 80.64 1.06 5.02
it
80 1349.82 21.14 100

Total
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THE IMPACT OF INTRODUCING ARTEMIA FRANCISCANA FROM SAN
FRANCISCO BAY ON THE MORPHOLOGICAL AND GENETIC
STRUCTURE OF ARTEMIA POPULATIONS IN TANGGU AND
CHENGKOU SALTWORKS OF BOHAI BAY

DONG Kao-Shuai', HAN Xue-Kai"*, ZHANG Rui', LIU Xue', ZHANG Bo' and SUI Li-Ying'

(1. Asia Regional Artemia Reference Center, College of Marine and Environmental Sciences, Tianjin University of Science and
Technology, Tianjin 300457, China; 2. Institute of Fisheries Science, Xizang Academy of Agricultural and
Animal Husbandry Sciences, Lhasa 850002, China)

Abstract: The brine shrimp Artemia inhabit hypersaline ecosystems of salt lakes and coastal saltworks around the
world. Being a small zooplankton, Artemia serves not only an important part of the food chain and biological regulator
in the brine ecosystem, but also a crucial live food item in marine fish and crustacean larviculture. This study aimed to
investigate whether the population genetic diversity, genetic structure, and morphological characteristics of Artemia
franciscana originated from San Francisco Bay saltpan have been changed during the coexistence with local partheno-
genetic Artemia populations after artificial inoculation in the Bohai Bay saltworks. Five batches of Artemia cysts
collected in previous years (1990—2021) included 4. franciscana population from SFB, USA in 1990, 4. franciscana
population from Vinh Chau saltworks, Vietnam in 2018, parthenogenetic Artemia population from BHB Chengkou salt-
works in 1990 (before inoculating 4. franciscana), and two populations from BHB Tanggu saltworks in 2010 and BHB
Chengkou saltworks in 2021 (after inoculating A. franciscana). The cysts were hatched separately and Artemia nauplii
were reared till adult for morphometric measurement. Genomic DNA was extracted from each adult, followed by
amplification and sequencing of the COI gene. The genetic diversity and genetic structure of different populations
before and after inoculation were analyzed by using the COI gene sequences, and the genetic structure among different
populations and their adaptive changes in new habitats were explored. The results showed that the inoculation and colo-
nization of SFB A. franciscana in Bohai Bay saltworks has led to an increase in the genetic diversity of local Artemia
population. A. franciscana has outcompeted the BHB indigenous parthenogenetic Artemia population as a dominant
species, putting the native parthenogenetic population at risk of extinction. The fact that SFB population had no signifi-
cantly genetically differentiation from the BHB Chengkou and Tanggu populations, confirming that these populations
were directly introduced from the SFB population. Morphometric analyses revealed that introduction of the SFB
Artemia into BHB saltworks resulted in decreasing cyst diameter and increasing male body length in the mixed BHB
Artemia population. Similarly, the decrease of cyst diameter also occurred after the introduction of the A. franciscana
into Vinh Chau, Vietnam. These results indicate that 4. franciscana possesses strong environmental adaptability and
morphometric plasticity, which supports its establishment and broader ecological amplitude during competitive coexis-
tence. This study provides valuable insights into biodiversity in saltworks ecosystem and offers guidance for the conser-
vation and management of Artemia germplasm resources.

Key words: COI gene; Genetic diversity; Population genetic structure; Morphometrics; Artemia
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