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Tab.1 Statisticsof genetic polymorphism parameters of SNP loci in populations of Fenneropenaeus chinensis

n=83767; X +SD

BEMR population

Hﬁém |:|

XDE{)”'JW\ nr H,

ZAMHER PIC

KHRZ B P

Fc 2015
Fc 2016
Fc 2017
Fc 2019
YA #EA WP

0.1729+0.1610°
0.1795+0.1576¢
0.1892+0.1598°
0.1809+0.1624°
0.1716+0.1676°

0.186620.2314°
0.1890+0.2155¢
0.2084+0.2333"
0.1931+0.2297°
0.1861£0.2351°

0.1450+0.1217¢
0.1509+0.1189°
0.1586+0.1199"
0.1513+0.1230°
0.1428+0.1278¢

0.1737+0.1617¢
0.1799+0.1579¢
0.1896+0.1601°
0.1818+0.1632°
0.1732+0.1692°

T [FFVEE B AR NG R 2553 B35 (P<0.05), MR/ NS FRFORZER AR,

Note: Data in the same column with different lowercase letters indicate significant differences (P<0.05), while the same letter means the difference is not

significant.

x2 HEIEREEEE S U RE(Fs)FIEERER(DR)
Tab.2 Genetic differentiation coefficient (Fsr) and genetic
distance (DR) in populations of Fenneropenaeus chinensis

pofi?;on Fc 2019 Fc 2017 Fc 2016 Fc 2015 ﬁﬁ\:ﬁﬁg
Fc 2019 - 0.0036  0.0105  0.0074  0.0263
Fc 2017  0.0036 - 0.0063  0.0032  0.0208
Fc 2016  0.0105  0.0062 - 0.0063  0.0236
Fc 2015  0.0074 0.0032  0.0062 - 0.0192
AR EA 0.0260  0.0206  0.0233  0.0190
WP
W N =R 8 A 51 R EU(Fsr), b = A Do BF A4 ) 38t 1%
2 (DR).

Note: The lower triangle is the genetic differentiation coefficient
(Fst) between groups, and the upper triangle is the genetic distance
between groups (DR).

24 BEEEEMSH

r O MR B AR AR S 5 B REAR ] PCA B2
RnE 1 frs, BPAERA G I B RER S,
A R R R A —E, MEFHFAEAFRRZ
A BRI REMS, A RRI AR A
Z, HSWARREARZ A —EH e,
2.5 SNP {iL & ik

54> TS F () 83767 4~ SNP fif M5 E., 4t
THEF A AR 5 308 (AR A A0 A4 PR e A Ak
M, iRk 3 Fin, SR AEREMLEL, Fe
2015, Fc 2016, Fc 2017, Fc 2019 Z&{v KK Ji
TR v T A R AR BE AL
FUBCH o R B A B A A A S A
WRARALR) SNP i 22 i 2. &l 3 R, ik
BREAR HC A AR S5 7 5k PR A% 1 T i A 67 A
BHN 30915 4, G BN SEELHIA 36.91%, 5
P BT B A 7 S 5 H o 26906 4>, 5

0.10

g 0051

.g Group

> : Fc 2015
'?; o ¢ «Fc 2016
S Fc 2017
n *Fc 2019
N . WP
£-0.05}

-0.10

0050 005 0.0

PC 1 (1.67% of variance)

BT o G SR AR B AR (WP) A5 28 T A (Fe)
ER I3 HT(PCA)

Fig. 1 Principal component analysis (PCA) of wild

population (WP) and breeding populations (Fc )
of Fenneropenaeus chinensis

~0.10

®3 HEXNNFEREWP)SEEREFC)
SNEFEMETN
Tab. 3 Change of allele frequency in breeding
populations (Fc_) and wild population (WP)
of Fenneropenaeus chinensis
S DR R AR AL

change locis of allele frequency

LN
population  WUE LFHBLAMH R FREALAMH
number of locis with number of locis with
increased frequency reduced frequency
Fc_2015-WP 42091 40053
Fc_2016-WP 44646 38018
Fc_2017-WP 45912 36315
Fc_2019-WP 42287 39306

SR 32.12%, AR E T iR 5 E
AERFARE PRI BR AT S5 RN 4 s, B
6 DX IR RN £ €2 DX 35 AR 2 0 e A5 2] 1) 3% R4
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Fig. 2 The Venn diagram of the increased allele frequency
between breeding populations (Fc ) and the wild population
(WP) of Fenneropenaeus chinensis
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Fig. 3 Venn diagram of decreasing allele frequency between

breeding populations

(Fc_) and the wild population

(WP) of Fenneropenaeus chinensis
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Genetic diversity analysis and SNP loci screening of four generations
of Fenneropenaeus chinensis and one wild population
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Abstract: In this study, a total of 821 shrimps from four breeding population generations and a wild population of
Fenneropenaeus chinensis (2015, 2016, 2017, and 2019) were sequenced using 2b-RAD technology to analyze the
genetic diversity characteristics of artificial breeding and wild populations of F. chinensis, mining the selected
single nucleotide polymorphism (SNP) sites in the continuous artificial selection process. A total of 83767 SNP
sites were obtained by sequencing; F-statistics showed that the average coefficient of genetic differentiation (Fgsr)
between wild population and breeding populations was 0.022. The highest degree of genetic differentiation be-
tween the wild and breeding populations in 2019 was 0.0260; the lowest degree in 2015 was 0.0190. The Fgr be-
tween wild and breeding populations is less than 0.05, indicating weak genetic differentiation. The population
principal component analysis results showed that the genetic structure between wild and breeding populations did
not change significantly. The statistical results of genetic diversity showed that the average expected heterozygos-
ity (He) of the wild population and the breeding populations were 0.1716 and 0.1806, respectively; the average
observed heterozygosity (H,) values were 0.1861 and 0.1943; and the average polymorphism information contents
were 0.1428 and 0.1515. The mean values of nucleotide polymorphism (P;) were 0.1732 and 0.1813. Among them,
each genetic diversity index of the selected populations in 2017 and 2019 was significantly different compared to
the wild population (P<0.05). Selection and elimination analysis of different generations of breeding and wild
populations yielded 92, 103, 166, and 117 selected SNP loci; the number of common loci was 4. The number of
common sites with allele frequencies increasing generation by generation between adjacent generations of selec-
tive breeding populations was 7107, of which 3674 sites deviated significantly from the Hardy-Weinberg balance
(P<0.05). The allele frequency between adjacent generations of breeding populations decreased to 8501, of which
4101 loci significantly deviated from the Hardy-Weinberg equilibrium (P<0.05). Results indicate that the popula-
tion genetic diversity and genetic structure of F. chinensis have not changed significantly after artificial selection
and breeding, and a high genetic selection potential is maintained.

Key words: Fenneropenaeus chinensis; 2b-RAD; SNP; genetic diversity; artificial selection
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Fig. 1 Morphological observation of neutrophils of Ctenopharyngodon idellus
a: neutrophils isolated from the middle kidney; b: neutrophils stained with Diff; ¢ and d: neutrophils observed by

transmission electron microscopy; e and f: neutrophils observed by scanning electron microscope.
A: type A particles; B: type B particles; N: nucleus.
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Fig. 2 MPO of Ctenopharyngodon idellus neutrophil
showing brown granules stained by the KI-PYG
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Fig. 3 Ctenopharyngodon idellus neutrophil activity
detectied by Trypan blue staining
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Fig. 4 Functional activity detection of neutrophils of Ctenopharyngodon idellus
A: MPO: B ROS: C: NO: D: NETs. “**” means significant differences comparing with the control group (P<0.05)
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Fig. 5 Tendency of Ctenopharyngodon idellus
neutrophil survival rate in vitro
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Abstract: Neutrophils are the most abundant non-specific immune cells and are critical in researching pathogen
invasion resistance. Providing abundant cellular materials is fundamental for understanding the function and im-
mune defense mechanisms of neutrophils. In the study, neutrophils were isolated from grass carp kidneys using a
fish-tissue neutrophils isolation kit. The neutrophils were purified by the differential adherent method, and their
morphology was identified by Diff’s staining and electron microscopy. The characteristic enzyme myeloperoxi-
dase (MPO) was identified by potassium iodide and pyrro-red G staining. Using a multifunctional microplate
reader, its activity was detected by the ability to express MPO and the ability to release reactive oxygen species
(ROS) and nitric oxide (NO), stimulated with Phorbol 12-myristate 13-acetate (PMA). Neutrophils could also form
neutrophil extracellular traps (NETs). The expression of MPO and the ability to release ROS, NO, and NETs were
detected by a multifunctional enzyme plate analyzer. Survival was detected by the trypan blue staining and CCK-8.
Results showed that the isolated cells had the morphological characteristics of neutrophils: they were uniform in
size, with round or kidney-shaped nuclei, had type A and B particles in the cytoplasm, and indicated the charac-
teristic sepia enzyme of MPO by staining. Purity reached (99.3+0.53)%, the number of viable cells reached
(97.70+0.76)%, and the viability remained at (89.91£3.56)% after they were cultured in vitro for 24 h. By stimu-
lation with PMA, the expression of MPO, ROS, NO, and NETs was significantly increased and positively corre-
lated with time. The method of isolating neutrophils from grass carp was successfully established in this study, as
the neutrophils showed increased vitality. Furthermore, this study provides a foundation for further research on the
function and immune mechanism of fish neutrophils.

Key words: Ctenopharyngodon idella; neutrophils; isolation; identification; activity detection

Corresponding author: SHI Cunbin. E-mail: shicunbin2006@163.com
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R a2 DNA ZEBHERS

AN, BEY, FFHE ERO RFTT, EEE

1. WiTLig e R AR =22 8, Widl FFil 316022;

2. UK REEEEBE AT BT, AW AN IR AT R L R R A SRR, IR W 2660715
3. W RIEEERL A S EOR T B SR, A S YT i BRI RE SR E, LR H ) 266071

WE: 4 T HRUE DNA KBS TEESFL(Carangidae) i 2 W) Fh 4 78 MR G040 2 03d FAE, ARBRSE LI 6 )& 7 # 17 %07
%), FRFIZE T BOLD B E A RUT Y, JL3k45 25 J& 95 Fh 273 &3R4 DNA FIEE74), @it BLAST L
Xt BB R G KRR, W T BRMAZEE) DNA XK AL, 45EREW: (DEBRHaZEERE . i, BN
R P = 2 43 285 BT 33t A B B8 1 - 24 7K P43 51k 0186, 0.169 ., 0.090 F1 0.008, Fift ] - 247 35 4% 13 2 ol P F- 1y
WAEFEE Y 21 /%, FI UL DNA SLIERSIE H TR O 253 0878 (2)12 il DNA SIS R AT DL B 38 4 iR
FR, W] DNA SKIEAD 0] DAORAMESETE A S R BR Y, nT X8} 0 SO A 845 R TR HEB IE; (3)85
FHa2k DNA ZJE 53 Hr 1, BOLD Hudl 15 h A1 A 76 — 8 i IRl Fh 5 42 R S R IR) 24 B0 %2, iUl A B0 7
SR TS VA A B AR () BB R 028 R G K A 56 R I ST W R o S i A R D TR 0 UL, B 0L 6
(Parona signata) MR- € I 2645 (Lichia amia)3E %52 2T, 459K — & 410} 68 15 1V Bl (Trachinotinae) , AW 5 &
1o E R0 DNA £ EE, 585 5F DNA KIS R G, ISR Y R & MR G0 804y

?‘i’IEﬂg o

K B DNA KB, 2K E, RE LR
FE5SES: S931 XERPRARRD: A

58} (Carangidae)>f J& i 15 i 44 6512 H (Perci-
formes), AWiEFEH BRI EAZE, TEZ AT
EREETE . ORP-IERIRVETE, 4 e $i F O #uiy
M, BRHRHAMEZ | Hid R, HARKH
. W SE . ER PR SRA, IR EE
K PEFIBE IR PR B 2. LA H A f, i
JLAE .25 i (Seriola quinqueradiata) . 12 1A fifii (Se-
riola dumerili)F185 B Mifi(Seriola lalandi) 3 Fhi5E}
i )& (Seriola) t 2 FE 5 77 1 7 H AU /K 5750 £ 2%
B 56% L R M T i il IR ™
IR, NSRS . PR it
45, R A R PRI i P R 2R BT IR A T R A

s HER: 2021-04-23; 1&iTHH: 2021-05-18.

TEHS: 1005-8737—(2021)12—1523—13

BER} 0 S 1A A S AR R TR I Vg 57 RN R B T 1 32
TG BEMERE, HiRGMIESHIE, 1£5
T2 25 5 i 6 e A7 B A 98 H A 35 R 1 Ja) R4 o

Gushiken 25U 1R 25 Rk ) 24 K 5 R
1112543 M5V Bl (Caranginae) | 8% 1V £} (Trachino-
tinae) . fiffi \I. B} (Naucratinae) F1 {2 & W £} (Scom-
broidinae), fUf% 32 J& 140 Flr, & A Tx 3 4 A
(16 665 ) 0y ol B0 D o AN G —, o P e 5 I i
E 24 21 8 S8 MhsRMu 2, i ot &M 3k
E RO SR 74 Fh o SR 2 HERT 0 284
FE S GOIR SR AT R 2 T R A T8, R,
iR DNA SKIEMIE R BAG d 2R 2 UM

BEE£WB: BEHRBFEETH42076132); HEKF=BE2EFIE B AR B L 45 9% %5 Bh 3 H (2021JC01); [F KM K 7= F i

BHRETH .

EE® N B (1994-), J, Wi-aFsd:, AF5T7 kol R T A A% B-mail: 1262804971 @qq.com
BEEE: MNBOY, PF5E0L, WF5E 7 10 il 2 U6 2 T4 A8 2%, E-mail: liusf@ysfri.ac.cn



1524 Hh [ K R

428 &

LU L

DNA G MIL T st (525 4y Jhr i, X%
BILRF RN EMERE, BRG] Z 0N
FHFAEY 250w TAE. REBEL DNA FKIEHH
fF B E YR RGN . BEFF 7B
FSEREIIE BE & BB Fh R RS R G 1 5
WRZ —, R NBRH 0L A8 5 R AL LT
FERME TSRS . 124, CT R 25 DNA 408
A B A, ELAOR X 20 o o o v 3
BERIF RGBS, dn: YRESEBIFH - cor 3
YRR PR 7 JE 8 Fh 18 RIS R 251 DNA
SIS TN Fh 2 REPEIEAT T WSS 00T Jaafar 2510
X R R B IR 36 FhEBIY COT FEN AT T F
oy, ke BLHGER AL IR B Va AR B R 2
ISR B AR — 305 AP A 17
FAEBR PR ME DNA SIERS R, T2
#HL BOLD (Barcode of Life Data)$(¥g %2 1 A
MEFHZE DNA KB 75, #4817 DNA #IED
FAR X SRR IR BIECR, IRIMEGIE A F %
EHENRRAMARE, BEEEBF A2 DNA
SIS EEE | 5835 DNA IR RS, WY
e R ARG X AW EEFRMES

1 MREFE

1.1 SKIedrfy

17 Dy B5R a2 IR 5 R A rp B A2 )
DNA FIERREA >, Bk B b e i AR IR 25
SRR Wb ueE R 7 @ 7 Rh, 4r B s R
(Atule) I EE T 65 (Atule mate) . 2215)E (Alectis)HY
B[ B 226 (Alectis indica) . B 62 & (Alepes) 1) i [
A% (Alepes klein) . #5145 )& (Carangoides) i) = 4
#1%5(Carangoides equula) . KW 58 (Megalaspis)
1 K H 65 (Megalaspis cordyla) . 15 & (Pseudo-
caranx) W 25 7 5 (Pseudocaranx dentex) N AT 3
)& (Trachurus) W H A AT 32 4 (Trachurus  japo-
nicus)o
1.2 DNA fZEXL, ¥ iEFNrF

ffi 1 TIANGEN 7\ W] ) TIANamp Marine
Animals DNA Kit il & #2 BUEE A DNA (B AR #:A1E
Jr#%:27% TIANGEN Ui 45). COl £ [N ¥4

PG Y 2% Ward 25T

FishF1: 5'-TCAACCAACCACAAAGACATT-
GGCAC-3/,

FishR1: 5-TAGACTTCTGGGTGGCCAAAG-
AATCA-3',

PCR S AR BN 25 uL, Hi 48 MIX
NAZR 12,5 pL, 51904 1 pL, £k 2 uL, FnE
AliKAM 2 25 pLo PCR JZMLA(F A 95 CHUEHE
2 min; 94 CZ% 0.5 min, 52 “CiEB:k 0.5 min 1
72 CHEMH 1 min, 35 PDJEER; 72 CHEMH 10 min;
BIGRFFTE 4 Co 93U 1.5%I5 e EE L
HL VKRN, SRAR P= ik AT 5 BGI AR IR XL )
T .

1.3 COI F754b5

| DNA Star (https://www.dnastar.com)$ {2
XP BN R i IE S 1) I3 25 SR AT DR, FFRE AN
TR, BN IE T4 IR NCBI A 2 #E1 7 AH
PR, DUR AR S e 2 S i e 1 o

M BOLD %4 /% (http://v4.boldsystems.org/index.
php/) F# B RL 2 COL J¥51 . &iiiE Mordr, 3k
HU BOLD % P 55} 24 J& 88 Fl 256 45 DNA 4%
BTN 1), &3FHiEsRads col EHF
FIF BOLD &% . AT HE L 1 B 2
DNA KB KRG, &P s5it, Uk 4 LEk
26 J& 95 #1273 25074, AUAE T RS0 SRR )
67.86%, HIEFHRHIIEM 81.25%, [, T4
BE I ff (Danio rerio) DNA ZIEH T HIE h R G
ISNEREIF S

it MEGA 6.0 HIFXS BT i 9 #E 4T He xS,
RPN E . BIEAN . GC & &, MARE
BN ESE(GE 2), BT Kimura-2-parameter
(K2P) X = KA 74 43 531 7154 J& [B] (intergeneric) .
[&] (interspecific) . J& P 1 [] (interspecific within
genera) FIFf ] (intraspecific) = 2% /3 2 HL oGt A% E
2. FIH MEGA 6.0 #{FH #4842 7 (neighbor
joining, N)RZH, [AIAT R PAUP 4.0 51 {444 &
I K18 297 (maximum parsimony, MP) 2 Gt 1 1
PR 2 25 R B0 B SIE . RGeS AT A7 BE R
botstrap K755, £8 1000 YK H & fHFEKE 5615 3 43 32
[RPES S



12 4] Wl #FH02 DNA RIEI KRS 1525
R1 95 MEER ALK DNA FHRBER
Tab.1 DNA barcode information of 95 species of carangidae
WA} subfamily J& genus Fl species %0 number J¥%15 accession no.
85I "SR Atule g 65 Atule mate 2 Hl sequenced in this study
Coranginac LB, ENBE2255 Alectis indica 2 Bl sequenced in this study
Alectis i 1K 2485 2 BIMO076-13
Alectis alexandrina GBMIN121540-17
A% ) e [CEI 5 Alepes klein 3 il sequenced in this study
Alepes Y ILIE 3 GBGCA11488-15
Alepes apercna GBGCA11489-15
GBGCA11490-15
R R 5 3 DBMF016-10
Alepes melanoptera DBMF028-10
DBMF042-10
FENENa il g 3 DBMF282-10
Alepes vari DBMF002-10
DBMF283-10
s R, Vg% 3 DBMF040-10
Atropus Atropus atropos DBMF057-10
DBMF384-10
#)R HifkE S Carangoides equula 2 H i sequenced in this study
Carangoides %5 3 DBMF153-10
Carangoides armatus DBMF150-10
DBMF397-10
T miAT 5 3 DBMF246-10
Carangoides bajad FOAN488-11
FOANS527-11
KW s 3 CFCS028-08
; CFCS029-08
Carangoides chrysophrys CRCS297-08
TP 5 3 DBMF046-10
Carangoides coeruleopinnatus DBMF176-10
DBMF238-10
FRAE S 3 DBMF243-10
Carangoides fulvoguttatus DBMF244-10
DBMF245-10
RS 3 DBMF171-10
Carangoides gymnostethus DBMF174-10
DBMF338-10
iy 22 A 5 3 DBMF009-10
Carangoides hedlandensis DBMF116-10
DBMF120-10
Thr [ 85 3 DBMF062-10
Carangoides malabaricus FOAI137-08
FOAJ505-09
oy 2 i 2 SAIAB049-06
Carangoides plagiotaenia SAIABS51-07
SHES 2 DBMF067-10
Carangoides talamparoides FMVIC728-08
)% Caranx 5 15 3 FOAC443-05
Caranx bucculentus FOAC445-05
FOAL909-10
PN 3 RDFCA231-05
Caranx caninus RFE270-05
SEMAR100-10
&5 3 BIM118-13
Caranx crysos BIM119-13
BIM161-13

(¥4 to be continued)
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(éi%% 1 Tab. 1 continued)

WA} subfamily J& genus it species %0 number #7315 accession no.
L Aes )8 Caranx R 5 3 MFSP377-10
Caranginae Caranx latus MFSP421-10
MFSP427-10
i 21 i 3 AUSTR481-13
Caranx lugubris DSFSG867-13
MBFB045-07
2 i 3 DBMF634-10
Caranx tille DBMF706-10
DBMF773-10
e T % 3 RDFCA268-05
Caranx caballus RDFCA270-05
RDFCA384-05
AR ES 3 DSFSG944-13
Caranx heberi DSLAF740-08
DSLAF744-08
i 3 FOAC497-05
Caranx hippos FOAC498-05
FOAC499-05
YN 3 BTL062-10
Caranx ignobilis BTL064-10
DBMF565-10
P 3 KANB110-17
Caranx melampygus MARQ343-12
SATAB414-06
LA 5 3 GAMBAO088-12
Caranx papuensis LIFS296-08
MBFB042-07
Y 3 BIFB247-13
Caranx sexfasciatus BIFD1742-14
DBMFO005-10
65 R, L5 0% 3 FBW033-14
Chloroscombrus Chloroscombrus chrysurus FBW035-14
FBWO036-14
5] 6% g o1 B R % 3 ABFJ204-07
Decapterus Decapterus akaadsi FSCS194-06
FSCS195-06
JCBE [ % 3 DBMF651-10
Decapterus kurroides DBMF653-10
DBMF670-10
51 [ 3 DSLAR375-08
Decapterus macarellus DSLAR376-08
DSLAR473-09
K &R 5 3 DBMF278-10
Decapterus macrosoma DBMF281-10
DBMF550-10
2 IG B % 3 FOAF558-07
Decapterus muroadsi FOAF559-07
FOAF560-07
iR 3 MFLII520-07
Decapterus punctatus SCAFB627-07
SCAFB628-07
P G IR 6% 3 BIM164-13
Decapterus russelli DSLAF435-07
DSFSE232-07
AR 5 3 MLIII375-08

Decapterus tabl

MLIII525-08
UNAFI001-18

(¥4 to be continued)



#1249 Wit #5FRHa2 DNA KIBI 42K R % 1527
(£ 1 Tab. 1 continued)
WA} subfamily J& genus F species 440 number JF%15 accession no.
fi% 37 o} Tt 5 Tt % 3 DBMF508-10
Caranginae Gnathanodon Gnathanodon speciosus DBMF510-10
DBMF511-10
KE6BE Megalaspis KBS Megalaspis cordyla 3 il sequenced in this study
562 )5 5 fiz 3 DBMF044-10
Parastromateus Parastromateus niger DBMF073-10
DBMF189-10
185 /7 WS Pseudocaranx dentex 3 Eill sequenced in this study
Preudocaranx FRAIS 3 FMVIC822-08
Pseudocaranx georgianus FMVIC823-08
FMVIC824-08
L% 3 FMVIC825-08
Pseudocaranx wrighti FMVIC826-08
FMVIC827-08
1 5 A H M 5 3 DBMF012-10
Selar Selar boops DBMF125-10
DBMF127-10
g HRE 11 7 % 3 DBMF001-10
Selar crumenophthalmus DBMF013-10
DBMF036-10
H#JE K H % 3 MFC015-08
Selene Selene brevoortii MOP146-12
MOP663-12
K- H 85 3 FISHP021-15
Selene peruviana FISHP022-15
FISHP023-15
PNUREIEN 3 BCOLL431-08
Selene setapinnis BCOLLA432-08
BCOLL433-08
A 15 3 BAHIA137-14
Selene vomer BAHIA138-14
CFSANO082-11
(UE SV HAM 348 Trachurus japonicus 2 Hill sequenced in this study
Trachurus MR St 3 ANGBF7097-12
Trachurus capensis ANGBF7186-12
ANGBF7187-12
GIGRES 3 FMVIC383-08
Trachurus declivis FMVIC829-08
FMVIC833-08
WArE 3 DSFSG489-11
Trachurus delagoa DSLAG1326-11
DSLAG770-10
BT M 3 FARG460-08
Trachurus lathami FARG553-08
GBMIN124525-17
b A S 1 3 BIM155-13
Trachurus mediterraneus BIM283-13
BIM547-18
BRI 3 DSFSG941-13
Trachurus murphyi FCHIL053-06
FCHIL172-06
B A e 3 FOAC461-05
Trachurus novaezelandiae FOAKS561-10
FOAK578-10
Wrryesn 3 BIM548-18
Trachurus picturatus BIMS550-18
BIM467-16

(¥4 to be continued)
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(éi%% 1 Tab. 1 continued)

WFH subfamily J& genus Tl species 440 number JF%15 accession no.
&S (S PN B i) 3 AMS935-08
Caranginae Trachurus Trachurus symmetricus FMV191-08
UKFBJ117-08
P30 3 BIMO036-13
Trachurus trachurus BNSF027-11
BNSF028-11
VXU E S 2 IPMAF007-18
Trachurus trecae IPMAF008-18
) 6% R 22 PR S 3 DBMF041-10
Ulua Ulua mentalis DBMF533-10
DBMF534-10
B H % )8 H 5 e % 2 GBMIN124989-90
Uraspis Uraspis helvola NNPF125-10
01 R Y 6 3 FOAI767-09
Uraspis secunda FOAJ538-09
AMS919-08
[SRRY=Yity 3 DBMF024-10
Uraspis uraspis DBMF051-10
DBMF555-10
{0165 T A #4500 B 45 3 MESP519-10
Scombroidinae Oligoplites Oligoplites saliens MFSP521-10
MFSP606-10
i fi% 2 MFSP606-10
Oligoplites saurus SMSA262-09
LB % ) L8 6% 3 FARGO062-06
Parona Parona signata FARG063-06
FARG064-06
T 4 % I 3y % 3 FOAMG608-10
Scomberoides Scomberoides lysan FTWS780-09
DBFN279-12
R BEAD) 65 3 DBMF096-10
Scomberoides tala DBMF097-10
DBMF(098-10
A% 3 ANGEN180-15
Scomberoides tol DBMF102-10
DBMF101-10
i B fi o5 A 3 DBMF782-10
i Seriola Seriola dumerili DBMF784-10
Naucratinae oo TS
0 fiffi 3 FOAC497-05
Seriola hippos FOAC498-05
FOAC499-05
K i 3 CFSANI118-11

DSFSG483-11
ANGBF10671-12

Seriola rivoliana

IR i 3 MFSP490-10
Seriola zonata MFSP491-10
MFSP557-10
N 5)R NER 3 DBMF033-10
Seriolina Seriolina nigrofasciata DBMF052-10
DBMF568-10
Giig 2 3e XL 1% 3 COFPLO51-15
Elagatis Elagatis bipinnulata DBMF644-10
DBMF648-10
FAAT I ) A % 3 DSLAG830-10
Naucrates Naucrates ductor FTWS554-09
SCS418-16

2

(¥4 to be continued)



55 12 3 k% i5FHaJE DNA ZIBM KRS 1529
(éi%% 1 Tab. 1 continued)
T& subfamily J& genus ' species %0 number JF%15 accession no.
R85 ) BRI )R A i 65 3 FOAH845-08
Trachinotinae Trachinotus Trachinotus africanus ]]:“(Z)ﬁ}gg?)z;).?)s
B 6 5 2 FOAC409-05
Trachinotus anak FOAC410-05
BN 3 DBMF106-10
Trachinotus baillonii DBMF107-10
DBMF108-10
i [CER 85 3 NNPF154-10
Trachinotus blochii DBMF055-10
FOAM499-10
KBEHE 85 3 TZMSA220-04

Trachinotus botla

TZMSA300-04
TZMSC524-05

Jb & fil fi% 3 BCOLL391-08
Trachinotus carolinus MXV298-11
MXV299-11
P} R BE % 3 FOAD511-05
Trachinotus coppingeri FOADS512-05
FOADS514-05
e fig B % 3 MFLE348-13

Trachinotus falcatus

MLIIT183-08
MLIIIT196-08

% G HR 2 3 BZLWD654-09

Trachinotus goode MFSP141-09
MFSP143-09

g BRI 3 BAFEN355-10

Trachinotus goreensis

BAFEN356-10
BAFEN357-10

TR is

Trachinotus mookalee

3 GBMIN119993-17
GBMIN124842-17
GBMIN124843-17

RS

Trachinotus stilbe

2 LIDMA1275-12
LIDMAS836-11

Lichia Lichia amia

3 DNATR&805-13
DSLAR113-08
DSLAR177-08

2 HRE5SW

2.1 #BREZE DNA ZFEBEFEIILSHRES
FEEME

ARG B IERTS ) 17 48 DNA £&IE )31
TE GenBank #4547 BLAST X, 455K WoR
17 5790 588 B 7 AR 0 7w 50 AR U2
L 99%. Horb, 6 ANWRR(ENE 2265 | ORI 62 |
RS | KPS | B0 IS S H AR M0) 58
DR ELR -3 I IRIEE 2L E N
I BE 65 (Atule mate), BLAST X455 /R iz )
Tl DNA ZIE0 )75 5 35 FT R 62 (Alepes djedaba)
FIAHLEE B 3] 99.14%. #¥E FishBase (https://
www.fishbase.de/) 1 I~ 1 b I 25 2 e i i

W, Vi SR T RIS 00 SR S B AR,
AR EAARMPILEN; T DNA KIS
FEARLEE 3 AT 485 SR F i Rl o 5 AT R 65, 2825
GHEAL, FE PR TR S Rk, 3 D0ER
1319 DNA SIEFHI5EPR R 6 J& 770 17 4%, 5
BOLD %ufli #E5R}L 24 J& 88 Fh 256 &F5IHIT
R 355 R0 2% DNA ISR 25 J& 95 Ff
273 %

58} 4 WAL 25 J& 95 R €251 273 45 DNA %%
JERLF A, ZBR Wi 51 97 504 B8 2 P51 555
bp, HBREL B ILHI N A 242%. G 17.5%. C
27.9%F1 T 30.3%, A+T 7 1 (54.5%) W & & T G+C
T (45.4%), BBRMEZE DNA ST 751 1) 26 5



1530 Hh [ K R

428 &

R R R R SR (VA o e )
AT & B £ (60.9%), HKZESE &N T
(58.2%), FH—NIEMTH A+T % 8/ (44.6%);
G+C 7 it fi (= I RS — A 1 (55.3%), Hk
B BT (41.5%), T ST GH+C
THERARG9.5%)(FR 2). JPHI TR IR SFAL
A329 AN, AR 226 N, fRIZ{E AN 217

A, FRGBALL 9 A

k2 EFEWFEIM. F2uUMEIMFEHAKGITFE
Tab. 2 Statistics of the average composition of the
first, second and third codons
%

e g P Wi @

base frequency Ist site of 2nd site of 3rd site of
codon codon codon

A 24.2 27.6 14.2 30.9

G 17.5 29.6 13.5 9.5

C 27.9 25.7 28 30

T 30.3 17 44 30

A+T 54.5 44.6 58.2 60.9

G+C 45.4 55.3 41.5 39.5

22 WREBREEFES

FIH MEGA 6.0 {456+ K2P BRIH4 25
J& 95 Fh 273 58135 DNA KIEH 1)L I B
(£ 3)o R EIR, 95 FhESRL 25 1 Fh P 845 1 2
W 0~0.124, FY{HE N 0.008, Hrp 86 Fif
(90.53%) W AL HE 25 R 0~0.02, fIKTF 2% Ff
138G A BREY 9 F(9.47%) 1l P 35 AL HE
BN 0.021~0.124, #Rid 2% F A i 14 L AR .
flan: [ & A5 (Carangoides talamparoides) 2 5%
J¥%1(DBMF067-10 . FEMVIC728-08)14 35t 1% BH ik 3|
0.124. % BOLD ¥ {5 Bk, KB H 415 2
AN AR R U b B B A R, A3 iRk B F ok vy
5 2% MBI 14 75 F e (101.096°F, 3.503°N)
FIRARFIE PG HB(118.853°E, 17.517°S), 7L HE
W ER IR A AT RESR R A (1) BOLD $diE &
HE A5 DNA ZICI(E BANHER, ] Ag &
YEARITEG QP H &SI RE A T4
LG B)iZPFP By A ANk B A (] H 2
T 2 R G b B R R R s Ak LA B
R K

] AL B B YO L 0.002~0.271, “FXME K
0.169 . KZH WP Fh E8 A% BE B KT 2%, (A
SRR BN R AL IR BN T 2% G, filhn:
KT I (Trachurus symmetricus ) F1E RIS
181 (Trachurus murphyi) i FP A 32Z 58 0.002,
PR X PP FP AT REAEAE R RR ST 24 A . 2F 1]
i AR, BOLD %46 FE (1) DNA SIE 545 B
Wi, R HAE YR % e PR E DNA %%
a0 (A ss R0 2 DNA 0B 65 50 b & W,
BOLD #4812 h T3 A7 7E — 2 1 A h S5 8 B R B
s DAL G BORERR SRS O .t A B S
/NJE, BOLD ZRTE A Hd A rp S se Y Fh 5 B 4 o
B 1 T A A SR

J& N B al s A% R B Y I FE 0.022~0.136, 11
fH°4 0.090, HHr, 1r3JefaJaE (Trachurus) T PP
WAL i/, H 158 (Selene) T Y [a] 15 4% 1 25
Ko JE RIS AL I B8 I E 0.037~0.255, “FH{E
Jg0.186, EI-65)E (Alepes) F 2685 )& (Lichia)lF]
B B R K, 0858 (Atropus) M P EL 65 & (Ulua)
TF1) 3542 S e /N

2 PRI, SR f0 R a) 35 4% B B
I (0.169) & P 3 14 15 24 F- ¥411.(0.008) 1 21 £%,
4 Hebert ZEUELH pg«10x I, B4 Fh % sE
B R A /MRS COT KL [R5 37 i b ] i A B
BN BEIE B Y 10 5L B RIR, 25 SR TE]
AL IR B H4E l 0.186, 4 ANV R} a] )i f4 1
BEYIE N 0.203 (£ 3). AL, BEE IR
GBI L Bt AR N T

£3 TRESEBTHEEEBK2P)SGITR
Tab. 3 Statistical table of genetic distance (K2P)

L B3 il mARME wME CPEIE
comparative scope maximum minimum  mean
WV BHE] inter-subfamily 0.208 0.192 0.203
J&[E] inter-genus 0.255 0.037 0.186
JENFIE inter-species in genus  0.136 0.022 0.090
1] inter-species 0.271 0.002 0.169
N within species 0.124 0 0.008

23 BREERFGXER
KA TSR DNA KB K RS,
F|Fl MEGA 6.0 F1 PAUP 4.0 Zk {1 5%F 658k 4 W R} 25



%128

Wle 4% 5P DNA KB AK RS 1531
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IPMAFO007-18 Trachurus trecae
DSFSG489-11 Trachurus delagoa
BIM155-13 Trachurus mediterraneus
ANGBF7097-12 Trachurus capensis
BIMO036-13 Trachurus trachurus
FOAC461-05 Trachurus novaezelandiae
FMVIC383-08 Trachurus declivis
Trachurus japonicus *

BIM548-18 Trachurus picturatus
AMS935-08 Trachurus symmetricus
DSFSG941-13 Trachurus murphyi
FARG460-08 Trachurus lathami
DSFSF374-09 Decapterus punctatus
MLII375-08 Decapterus tabl
DBMF651-10 Decapterus kurroides
ABFJ204-07 Decapterus akaadsi
BIM164-13 Decapterus russelli
DBMF278-10 Decapterus macrosoma
DSLAR375-08 Decapterus macarellus
FOAF558-07 Decapterus muroadsi

[ Car ides equula *
98 FMVIC825-08 Pseudocaranx wrighti
\WE BIM281-13 Pseudocaranx dentex *
99 FMVIC822-08 Pseudocaranx georgianus
| 100 DBMF024-10 Uraspis uraspis
100 NNPF125-10 Uraspis helvola

FOAI767-09 Uraspis secunda
DBMF044-10 Parastromateus niger

100 CFSANO082-11 Selene vomer
68 MFC015-08 Selene brevoortii
BCOLL431-08 Selene setapinnis
100 FISHP022-15 Selene peruviana

—: Alectis indica *
89 GBMIN121540-17 Alectis alexandrina

100 DBMF067-10 Carangoides talamparoides
DBMF062-10 Carangoides malabaricus @ﬂz*‘i
DBMF246-10 Carangoides bajad .
SAIABO049-06 Carangoides plagiotaenia Carangmae

DBMF057-10 Atropus atropos
DBMF041-10 Ulua mentalis

DBMF009-10 Carangoides hedlandensis
DBMF153-10 Carangoides armatus
DBMF243-10 Carangoides fulvoguttatus
DBMF171-10 Carangoides gymnostethus
DBMF046-10 Carangoides coeruleopinnatus

100 CFCS028-08 Carangoides chrysophrys
99 DBMF282-10 Alepes vari
100 DBMFO016-10 Alepes melanoptera

GBGCA11488-15 Alepes apercna
DBMF508-10 Grathanodon speciosus
Alepes kleinii *
99 Atule mate *
FBWO033-14 Chloroscombrus chrysurus
| Megalaspis cordyla *
RDFCA268-05 Caranx caballus
BIM118-13 Caranx crysos
FOAC443-05 Caranx bucculentus
MFIV316-10 Caranx hippos
RDFCA231-05 Caranx caninus
GAMBA088-12 Caranx papuensis
KANBI110-17 Caranx melampygus
MFSP377-10 Caranx latus
BIFB247-13 Caranx sexfasciatus
DBMF634-10 Caranx tille
BTL062-10 Caranx ignobilis
AUSTR481-13 Caranx lugubris
DSLAF740-08 Caranx heberi
—— DBMFO001-10 Selar crumenophthalmus
90 —— DBMF012-10 Selar boops
76 DSLAG830-10 Naucrates ductor
MFSP490-10 Seriola zonata
DBMF782-10 Seriola dumerili )
76 28 94 CFSANI118-11 Seriola rivoliana mﬂzf){.
77 FOACA497-05 Seriola hippos Naucratinae
DBMF033-10 Seriolina nigrofasciata
COFPLO51-15 Elagatis bipinnulata
o8 88 ANGEN180-15 Scomberoides tol
DBMF096-10 Scomberoides tala .
99 FOAMG08-10 Scomberoides lysan s TR
MFSP519-10 Oligoplites saliens id;
MXIL171-07 Oligoplites saurus Scombroidinae
FARGO062-06 Parona signata ﬂJ
illonii

DNATR805-13 Lichia amia
DBMF106-10 Trachinotus bai
FOADS511-05 Trachinotus coppingeri
TZMSA220-04 Trachinotus botla
BAFEN356-10 Trachinotus goreensis S
LIDMA1275-12 Trachinotus stilbe ﬁéﬂzﬂ
NNPF154-10 Trachinotus blochii i i
FOAH845-08 Trachinotus africanus Trachinotinae
MFLE348-13 Trachinotus falcatus
BCOLL391-08 Trachinotus carolinus
BZLWD654-09 Trachinotus goodei
FOAC409-05 Trachinotus anak
GBMIN119993-17 Trachinotus mookalee
DSMIS206-11 Danio rerio

K1 95 FisRHa2 DNA £ NJ RG A4
*RORAIE T T IRE . T HE NIl 58 28 28 WL AN [RT R ) b
Fig. 1 Neighbor-joining phylogenetic tree of DNA barcodes for 95 species of Carangidae.
Marked with * are the samples determined in this study. The species in the box are those that are in dispute with the morphological.
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8 FOACA409 05 Trachinotus anak
GBMIN119993 17 Trachinotus mookalee
BCOLL391 08 Trachinotus carolinus
BZLWD654 09 Trachinotus goodei
MFLE348 13 Trachinotus falcatus
NNPF154 10 Trachinotus blochii
FOAHB845 08 Trachinotus africanus
LIDMAI1275 12 Trachinotus stilbe

53

BAFEN356 10 Trachinotus goreensis
TZMSA220 04 Trachinotus botla

94 DBMF106 10 Trachinotus baillonii
FOADS511 05 Trachii pi i

85

[—— DNATRBO5 13 Lichia amia

| '—— FARG062 06 Parona signata

53 FOAMG608 10 Scomberoides lysan
71 DBMF096 10 Scomberoides tala

ANGEN180 15 Scomberoides tol

L: MXII171 07 Oligoplites saurus
MFSP519 10 Oligoplites saliens
DBMF033 10 Seriolina nigrofasciata
FOAC497 05 Seriola hippos
_E CFSAN118 11 Seriola rivoliana
%0 DBMF782 10 Seriola dumerili
L: MFSP490 10 Seriola zonata
DSLAG830 10 Naucrates ductor
COFPLO051 15 Elagatis bipinnulata

100 DBMFO067 10 Carangoides talamparoides
454|£ DBMF062 10 Carangoides malabaricus
DBMF246 10 Carangoides bajad

82 DBMF009 10 Carangoides hedlandensis
97 DBMF057 10 Atropus atropos
DBMF041 10 Ulua mentalis
DBMF153 10 Carangoides armatus
SAIABO049 06 Carangoides plagiotaenia

94 DBMF243 10 Carangoides fulvoguttatus

DBMF171 10 Carangoides gymnostethus

100 DBMF046 10 Carangoides coeruleopinnatus
CFCS028 08 Carangoides chrysophrys

L: Alectis indica *

GBMIN121540 17 Alectis alexandrina

100 CFSANO82 11 Selene vomer

64 MFCO015 08 Selene brevoortii
100 BCOLLA31 08 Selene setapinnis

FISHP022 15 Selene peruviana
DSLAR375 08 Decapterus macarellus
FOAF558 07 Decapterus muroadsi
DBMF651 10 Decapterus kurroides
DBMF278 10 Decapterus macrosoma
ABFJ204 07 Decapterus akaadsi
BIM164 13 Decapterus russelli

99

DSFSF374 09 Decapterus punctatus
FARG460 08 Trachurus lathami
BIM155 13 Trachurus mediterraneus
IPMAF007 18 Trachurus trecae
DSFSGA489 11 Trachurus delagoa
ANGBF7097 12 Trachurus capensis
BIMO36 13 Trachurus trachurus
BIM548 18 Trachurus picturatus
AMS935 08 Trachurus symmetricus
DSFSG941 13 Trachurus murphyi
FMVIC383 08 Trachurus declivis
Trachurus japonicus *

FOACA461 05 Trachurus novaezelandiae

MLIII375 08 Decapterus tabl
86 BIM281 13 Pseudocaranx dentex *
75 FMVIC822 08 Pseudocaranx georgianus
FMVIC825 08 Pseudocaranx wrighti
Carangoides equula *
97 DBMF024 10 Uraspis uraspis

88

NNPF125 10 Uraspis helvola

rﬁ;

— — 100

50
100

85

96

FOAI767 09 Uraspis secunda
DBMF044 10 Parastromateus niger
GAMBAO88 12 Caranx papuensis
KANBI110 17 Caranx melampygus
MFSP377 10 Caranx latus
BIFB247 13 Caranx sexfasciatus
AUSTRA481 13 Caranx lugubris
DSLAF740 08 Caranx heberi
BTLO062 10 Caranx ignobilis
DBMF634 10 Caranx tille
MFIV316 10 Caranx hippos
RDFCA231 05 Caranx caninus
RDFCA268 05 Caranx caballus
BIM118 13 Caranx crysos
FOAC443 05 Caranx bucculentus

98 —

98

100

laspis cordyla *
DBMF508 10 Gnathanodon speciosus
Alepes kleinii *
Atule mate *
DBMF282 10 Alepes vari
DBMFO016 10 Alepes melanoptera
GBGCA11488 15 Alepes apercna
FBWO033 14 Chloroscombrus chrysurus

80

—— DBMFO001 10 Selar crumenophthalmus

L—— DBMFO012 10 Selar boops

DSMIS206 11 Danio rerio

&2 95 FisRl a2k DNA &IEHS MP R4 k4R

FFRAHITTE I INAE . J7HE AR D 58 25 S R TR (9 ) 7

SR
Trachinotinae

BB

Scombroidinae

R

Naucratinae

&
Caranginae

Fig. 2 Maximum parsimony phylogenetic tree of DNA barcodes for 95 species of Carangidae
Marked with * are the samples determined in this study. The species in the box are those that are in dispute with the morphological.
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DNA barcode analysis: species identification and phylogenetic rela-
tionships of the Carangidae family

YANG Longl’ 2 3, LI Angz’ 3, LI Busu® 3, WANG Huan* 3, LIU Shufangz’ 3, ZHUANG Zhimeng2

1. College of Fisheries, Zhejiang Ocean University, Zhoushan 316022, China;

2. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture and Rural Affairs; Yellow
Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China;

3. Function Laboratory for Marine Fisheries Science and Food Production Processes, Qingdao National Laboratory for
Marine Science and Technology, Qingdao 266071, China

Abstract: Species of the Carangidae family are important warm water and temperature marine economic fish.
They are also a primary product of future deep-sea fishing and aquaculture development in China. However, as
there are many species of Carangidae, and their related species are similar in morphology, traditional morphologi-
cal identification methods have significant limitations. The accurate classification and identification of Carangidae
species is a focus area of resource conservation and sustainable development and utilization. Therefore, research
on the DNA barcoding of Trachinidae fish is scientifically significant and has economic value. To verify the ap-
plicability of DNA barcodes in the identification and classification of Carangidae, 17 sequences were collected
from 7 species and 6 genera, and other valid sequences in Barcode of Life Data (BOLD) were screened. A total of
273 DNA barcode sequences of 95 species in 25 genera were obtained. Then the DNA barcode classification sys-
tem for Carangidae was constructed by BLAST comparison, genetic distance calculation, and phylogenetic rela-
tionship analysis. Results indicated that: (1) The average genetic distance levels of three taxa, intergeneric, inter-
specific within genera, interspecific, and intraspecific of Carangidae were 0.186, 0.169, 0.090, and 0.008, respec-
tively. The average genetic distance of the interspecific was 21 times that of the intraspecific. DNA barcoding is
suitable for the classification and identification of Carangidae. (2) DNA barcode technology could identify species
with incorrect morphological identifications, indicating that DNA barcodes can make up for the limitations of tra-
ditional morphological identification and accurately correct the morphological classification results of Carangidae.
(3) DNA barcode analysis of Carangidae shows that there are still certain “homologous” and “heterologous” phe-
nomena in BOLD. It is suggested that the information accuracy should be strictly evaluated when using the data-
base information. (4) The phylogenetic analysis results of 95 species of Carangidae support the classification of
Parona signata as Trachinotinae and provide new insights into the taxonomic status of this species. This study has
enriched the DNA barcode database of Carangidae and provided molecular biological evidence for the species
identification and systematic classification of Carangidae.

Key words: Carangidae; DNA barcode; classification and identification; phylogenetic relationship
Corresponding author: LIU Shufang. E-mail: liusf@ysfri.ac.cn
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Tab. 1 Seasonal variation of fish composition and dominance in Oujiang River estuary
P Sy ZHuf i BE RS (€S &%
code taxonomy species spring  summer  autumn winter
F 128 Chondrichthyes IRI
H. % H Carcharhiniformes
B % F} Carcharhinidae
1 #H5 &R Scoliodon e R #HE ¥ Scoliodon laticaudus 25.30 11.35 5.52 -
fil#} Dasyatidae
2 LR Hemitrygon IRNfL Hemitrygon akajei - - 1.70 -
iREE 4 Actinopterygii
4 H Anguilliformes
A8 #8 R Synaphobranchidae
3 AT 42 )& Dysomma AT 42 Dysomma anguillare - - 0.73 1.12
W68} Muraenesocidae
4 W88 & Muraenesox 388 Muraenesox cinereus 4.95 80.48 1.74 -
i H Clupeiformes
B JE R} Pristigasteridae
5 fifhJ& Ilisha i) Ilisha elongata 105.83 17.45 253.51 13.17
#28} Order Engraulidae
6 #% )& Coilia JREF Coilia mystus 10.42 - 2.03 26.41
7 JI18% Coilia nasus 28.05 23.58 11.65 245.24
8 ki 828 Encrasicholina R4 8% Encrasicholina heteroloba - 5.41 - -
9 fig )& Engraulis H &% Engraulis japonicus 442.34 - - -
10 W R Setipinna W Setipinna tenuifilis 2131.72  1364.56 523.19  279.26
11 M5 /NS )8 Stolephorus B A HT /NS £ Stolephorus commersonnii - - 3593.03 0.41
12 W BEJ® Thryssa FL LG % Thryssa dussumieri 64.27 5.89 0.55 -
13 PR ME Thryssa chefuensis - 5.00 101.00 54.51
14 kg fig Thryssa mystax - 1.38 17.71 -
15 W ¢ Thryssa vitrirostris - - . 21.49
filfA} Clupeidae
16 PLi%E Konosirus L% Konosirus punctatus - - 1.48 18.72
17 /N T 40 Sardinella B R/ND T 4 Sardinella lemuru
fiJ% H Siluriformes
&R} Plotosidae
18 B 5J& Plotosus 2484 Plotosus lineatus - - 0.28 -
HEAEFL Ariidac
19 L8R Arius 2y GEWFY Arius arius - - 0.30 —
flizcfa H Aulopiformes
¥a£} £ %} Synodontidae
20 Jek 4 )& Harpadon o3kt Harpadon nehereus 1353.60 5336.22 12369.33  1119.95
21 Il J% Saurida Z Vit Saurida tumbil 173.82 24.52 - -
LT %8 H Myctophiformes
JT % faFl Myctophidae
22 JEAT )8 Benthosema L 2RI # Benthosema pterotum 852.73  432.38 12847.49  374.28

%I H Gadiformes
JRAZ Al Bregmacerotidae

(f$4E to be continued)
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(8% 1 Tab. 1 continued)
B Sy i HZE ES ®Z K F
code taxonomy species spring summer  autumn winter
23 JR1% )& Bregmaceros R EE FEES Bregmaceros pseudolanceolatus 437 0.35 13.06 79.87
fiiz it H Lophiiformes
i@ Rl Lophiidae
24 fi it )@ Lophius i fif Lophius litulon - - - 108.22
fifiJ2 H Mugiliformes
fifi Bl Mugilidae
25 MBS 8 Planiliza A6 Planiliza affinis - 0.20 - -
% B Syngnathiformes
Rl Syngnathidae
26 5 J& Hippocampus QS Hippocampus kelloggi 0.16 - - -
27 IR Syngnathus &F [RGB Syngnathus schlegeli - - - 5.67
JH4E Rl Fistulariidae
28 JR4E 0 )& Fistularia IR 0 Fistularia petimba 0.15 - - -
fifif H Scorpaeniformes
i} Scorpaenidae
29 E & Sebastiscus 18 B fil Sebastiscus marmoratus 0.37 - - -
2% 7 Al Aploactidae
30 it J& Erisphex it Erisphex pottii 0.19 - - 15.75
fifi fh B} Triglidae
31 LEEE AT Chelidonichthys TRERBE 1 Chelidonichthys spinosus 0.21 - - 0.13
32 IR a8 Lepidotrigla FLLIR AN Lepidotrigla alata - 0.26 - 2.74
¥ H Perciformes
K EHIRE Acropomatidae
33 KICH)E Acropoma H AR &G4 Acropoma japonicum - 14.87 7.04 0.57
34 R )F Synagrops AFHETELR T Synagrops philippinensis - - - 1.49
L858} Lateolabracidae
35 L& Lateolabrax i E AL Lateolabrax maculatus - - - 218.45
KHIRGHEL Priacanthidae
36 KIRERJE Priacanthus s R KURER Priacanthus macracanthus - 5.48 - -
KA Apogonidae
37 W KA @ Ostorhinchus Ta 2 W KA Ostorhinchus fasciatus - - 0.14 -
38 LR KA Ostorhinchus semilineatus - 0.16 - -
39 RO R Jaydia BB O K26 Jaydia truncata - - 0.14 -
40 AR D K28 Jaydia lineata 0.72 8.05  438.61 -
#%B} Carangidae
41 [ %)% Decapterus K AR5 Decapterus macrosoma 0.49 - - -
42 275 A% Decapterus maruadsi 309.76 240.26 14.35 -
43 5 5)& Parastromateus 515 Parastromateus niger - 0.44 - -
44 Yreefa)d Trachurus H AN S48 Trachurus japonicus 2.28 284.93 0.55 -
Fe Al Hapalogenyidae
45 588/ Hapalogenys 1652 Hapalogenys analis - - 0.13 -
fif§l Sparidae
46 P98 Acanthopagrus PR Acanthopagrus schlegelii 24.22 - 4.44 -

(F¥

4

to be continued)
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(8% 1 Tab. 1 continued)
B Sy 2 Hupr i FE K% B 2
code taxonomy species spring summer  autumn winter

47 AU E Evynnis ZRBALG ] Evynnis cardinalis 13.65 10.50 - -
ik Bl Polynemidae

48 218 D& Polydactylus NTEZ I8 Dt Polydactylus sextarius - 136.48 9.29 -
A P Sciaenidae

49 Bl ta g Atrobucca Bl o Atrobucca nibe 27.54 604.13 0.32 -

50 w5 {8 T )& Chrysochir 2R3 BB T fi Chrysochir aureus - 3.95 81.08 0.19

51 W33 & Collichthys WS AMFEE 0 Collichthys lucidus 43.70 - 387.94  385.06

52 Y 4k £ J& Johnius 1 658 M 4 61 Johnius distinctus 5.68 - - -

53 JiE IG5 81 Johnius trewavasae - 0.46 12.72 27.38

54 T 108 Larimichthys Kttt Larimichthys crocea 0.41 540  253.60 -

55 /N Larimichthys polyactis 37.70 495.32 46.27 1.23

56 fif & Miichthys fif Miichthys miiuy - - 152.73 -

57 Wl )8 Nibea H Uit Nibea albiflora 2.28 - 11.57 -

58 iR )R Pennahia BRI Pennahia anea - - 0.50 -

59 iR Pennahia argentata - 1519.04 21.95 -

60 KER A0 Pennahia macrocephalus 67.09 894.07  278.03 34.92
fif| &} Terapontidae

61 fifl )& Terapon fifl Terapon theraps - - 1.04 -
#2145 faF} Champsodontidae

62 #2515 )& Champsodon S EE 15 8 Champsodon snyderi - 0.20 1.30 30.29
fii B} Callionymidae

63 FHBLE S8 Repomucenus TRV Repomucenus olidus - - - 0.27
HRFER} Gobiidae

64 fili R MR FE 11 8 Amblychaeturichthys "4\%%%%”%@ 0.18  1788.16 12.52 77.50

Amblychaeturichthys hexanema

65 X RUF R MR Chaeturichthys X RUFE A Chaeturichthys stigmatias 0.18 - 2.48 0.50

66 WA UF A4 JE Odontamblyopus PLCAR I UF 8 £l Odontamblyopus lacepedii 13.21 188.88 44.55 94.25

67 R e E Tridentiger B4 UF IR Tridentiger barbatus - - - 0.37

68 FLEF SR8 Trypauchen FLEF B4 Trypauchen vagina 3.56 - 1.82 0.00
&7l Sphyraenidae

69 ¥ J& Sphyraena W&F Sphyraena pinguis - 1.22 - -
4 B} Trichiuridae

70 /N 8 Eupleurogrammus /N 4 Eupleurogrammus muticus - - 10.02 39.97

71 Vs i & Lepturacanthus VhHi a4 Lepturacanthus savala 9.71 - 17.77 0.23

72 WJE Trichiurus H A5 f4 Trichiurus japonicus 5121.56  4014.08  269.25 10.42
#i%7%} Scombridae

73 1% )& Scomber H A% Scomber japonicus 104.04 102.14 - -

74 L& Scomberomorus W5 25 S5 Scomberomorus niphonius - - 36.08 -
KAERl Centrolophidae

75 KB & Psenopsis K8 Psenopsis anomala 62.19 252.52 76.96 -
#EF} Stromateidae

76 W8JE Pampus "R E 8 Pampus chinensis 0.75 - - -

(f§4E to be continued)
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(8% 1 Tab. 1 continued)
B A HIA i " CES Tz %
code taxonomy species spring  summer autumn  winter
77 BB Pampus echinogaster 890.57 820.82 989.54 348.71
%% H Pleuronectiformes
H ARl Cynoglossidae
78 T 83 )% Cynoglossus 8 Cynoglossus abbreviatus - 0.48 0.37 1.08
79 K W& 5 Cynoglossus lighti 0.91 - 0.54 -
filiJ% H Tetraodontiformes
¥ ffi i} Monacanthidae
80 M J& Stephanolepis 25 Mkl Stephanolepis cirrhifer - 0.61 - -
fii B} Tetraodontidae
81 G388 Lagocephalus RNkl Lagocephalus inermis 2.35 2.67 1.10 -
82 A B4kl Lagocephalus lunaris 0.74 2.19 20.10 -
83 Z 4l 8 Takifugu R £ bl Takifugu oblongus - - 1.65 -
84 WEEL 00 Takifugu xanthopterus - 40.75 739 412.49

T RN IZ Y RITE X o 255 v A G B

Note: “—” means that the species does not appear in the corresponding season.

MR AZ, 18 BE 45 Fh, (5 EMEH
53.57%; I H (Clupeiformes)ikZ, 3R} 13 F,
di S 15.48%; #lJE H (Tetraodontiformes)
B, M2 B SRR, RN 5.95%.

KBRS 43 Fh, B (Setipinna tenui-
filis) . &3k i (Harpadon nehereus)#1 H A w7 ff1
(Trichiurus japonicus) & ZNFEF, H IR
e 43 Fp, wh skt HAG M RGN
(Pennahia argentata) Ml 75 22 &l BB HF J§ A
(Amblychaeturichthys hexanema) N X Z= {J; # Flt ;
Bk S AR A 28 55 A, R IR A N A
(Stolephorus commersonnii) . J&3k 8 F1-£ 2 JIE KT 4
(Benthosema pterotum) ;R ZE L #Fh; 242 i
AR 3T B, TSk AT, 4 Ty
B R SE # (1lisha elongate), JT14%(Coilia
nasus), @), Jpkf . LAEIKITA, NEMA
(Larimichthys polyactis) . K3k 4R Ut (Pennahia
microcephalus), 7N 225G REIR A0 | PR IR 1R
i1 (Odontamblyopus lacepedii), H A<y £ 9 65
(Pampus echinogaster)=§ 11 F,
22 BERFFEMZES

P AT IR A% 2 R BRI R O 2 PR o
TR R R BIE R 2, Ol 3.25x10° kg/km’,
B/MEHIAELZE, J 0.39x10° kg/km?®, HKH

FREH B, /94 2.14x10° kg/km® F
2.25x10° kg/km®; = 3 15 HOT- 24 {1 45 85 H BLLE K
7, N 6.64x10° ind/km?®, H R g H 2 (3.39x10°
ind/km?) 145 Z2(2.24x10° ind/km?), & Z=FH4(H i
i, 9 0.42x10° ind/km’.,
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Fig. 2 Seasonal variation of biomass and abundance
in Oujiang River estuary
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Fig. 3 Spatial and temporal distribution of biomass and abundance in Oujiang River estuary
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Tab. 2 Relationship between fish abundance
and environment factors

A Z B index of correlation

HHHA T
environmental factor HEFF 1 Axisl HEFF A 2 Axis2
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Fig. 5 RDA analysis of dominant species
in Oujiang River estuary
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Assessment of fish community structure and redundancy analysis of
dominant speciesin the Oujiang River estuary
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Abstract: Based on quarterly bottom trawl survey data from 2018 to 2019, we analyzed the dynamic changes in
fish community structure and their relationship with environmental factors in the survey area using ecological in-
dicators, such as resource density, relative importance index, and diversity index. Results showed that there are 84
fish species in the survey area, belonging to two classes, 14 orders, 39 families, and 69 genera. There were seven
dominant species, including Harpadon nehereus, Trichiurus japonicas, Pennahia argentata, Setipinna tenuifilis,
Benthosema pterotum, Stolephorus commersonnii, and Amblychaeturichthys hexanema, whose composition has
changed dramatically. The highest biomass index value was in summer, at 3.25x10° kg/km®. The highest abun-
dance index value was in autumn, which was 6.64x10° ind/km”. The highest diversity index values of A’ and J'
were in winter, at 1.92 and 0.71. The distribution of 7. japonicus and B. pterotum is positively correlated with
depth and salinity. The distribution of P. argentata is strongly positively correlated with temperature and nega-
tively correlated with pH. S. commersonnii, S. tenuifilis, and H. nehereus have a low preference for environmental
factors. By exploring the spatial and temporal changes of fish community structure in the Oujiang River Estuary,
the results of this study provide scientific evidence for protecting fishery resources and improving the quality and
function of fishery environments in the estuary area.

Key words: fish community structure; dominant species; diversity index; Oujiang River estuary
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Tab.1 Samplinginformation of Macrobrachium nipponense

K R e RFE S SKHEH FEARL
basin tributarig population sampling location sampling date  sample size
Kioks - mAm-AE RI4  F Bk 2019.07.18 9
Yangtze River Tangbai River—Baihe River
JE P A — 1 ] " ,
R1 SH T g 2019.07.1 12
Tangbai River—Baihe River 7 R R BT R 019.07.18
JE F YA — ] o N —
S T 8T B B2 el PR 1T .07.
Tangbai River-Baihe River R19 i B 77 0 B L2 el 7 ] 2019.07.16 8
T —FHT. Hanjiang-Danjiang R20 9 BE T BT 0 A S sk 2018.10.10 6
#wkZ T main reach B07 FF BT REAF XX I 51 2020.10.23 6
Yellow River  ygsif fjHi] Luohe River-Yihe River €36 3% BT 3 B EL AL BE B A 1 HE 1 bt 2019.08.12 5
0¥ Qinhe River HO7 EAETT RS B S A 2019.09.08 11
W% Luohe River MO07 =TT B X UL i 2019.08.07 4
ST R M) . U _
—y [II"\ N Al Z&/\\ . .
Luohe River—Jianhe River M08 B I i 8= A /NI | 2019.08.07 6
YEWT K& WU Yinghe River A04 FBH TR T VKR 2019.08.12 9
Huaihe River i3 Yinghe River K08 VF B LI B 2019.08.08 6
NiRTIET/e 0] \ ot
3 Il E ﬂ“/“ E ) .
Huaihe River_Ruhe River QI8 Bk R i BRI A 2019.08.11 6
W Wohe River P16 O R BBIE £ BER 2019.07.16 13
T main reach S19 G X E 5 & KTEEH 2020.05.31 6
Vi vl _vH Y . .
kR g E10 WM MRS = R NIk E  2019.08.17 13
Haihe River Weihe River—Qihe River
RER AT - i o 7
Weihe River-Qihe River E14 LR A i B A R K% 2019.09.03 6
MERTI Rl N 2 —_
Weihe River_Canghe River G03 F A TIEN AN EOP SN TV T} 2019.09.05 4
Tl Y
L GO4 M & IS Rk 2019.09.08 5

Weihe River—Canghe River
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Fig. 1 Sampling locations of the Macrobrachium
nipponense in Henan Province
red—the Yangtze River basin; yellow—the Yellow River basin;

green—the Huaihe River basin; blue—the Haihe River basin.
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X A 2 RENE, HERIRT R, RITKR
TN A AL 2R, P B R 2 R
(H=0.74823) Ko % H R Z2 FEE (1=0.01149) 34 38 15 T
HiAth 3 K&
2.3 FhERMELEN

Wit MEGA 7.0 44Ex) H AT AR EEAAR BEFT A
Xif A% BB TS T N, H AR VE UREE IR P s A%
B4 0.000~0.017, H:H A04. E14. GO4 BEAARZL
BAEIEE B/, AN 0.000, R20 BE(RLH P54 H
BN 0.017; PHPRER ] A 3845 7 252k 0.000~
0.029, H E14 5 G04 FBEARL )84 1 5 /),
41 0.000, A04 5 MO8 FEIARLL [a] 35 14 I 2 e KN
0.029, 18 I~ HAHUFHE(AH, A04. E14, GO4 IL
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Tab. 2 Genetic diversity of Macrobrachium nipponense populations from 4 river systemsin Henan Province

KE i AR HAGRIEL

LiR

basin population sample size haplotype number haplotype Ha a Tajima’s D Fu’s £
KTk Z& R14 9 4 Hap1(5), Hap3(1), Hap8(2), Hap9(1)  0.69444 0.01191 023726  3.62030
Yangtze River R17 12 6 g:gég;:gzg%g’)l{ap“(l)’ Hap3(1): (63182 0.00795 —-0.96831  0.81555
R19 8 Hap1(2), Hap2(4), Hap7(1), Hapl1(1) ~ 0.75000 0.00950 —0.22059  2.46210
R20 6 4 Hapl1(2), Hap5(1), Hap6(2), Hap7(1)  0.86667 0.01658  1.40701  2.50790
HK & BO7 6 > Hapl(2), Hap2(1), Hap7(1), Hapl2(1), ) 93333 01361 —0.58900 0.43336
Yellow River Hap13(1)
C36 5 2 Hap7(3), Hap14(2) 0.60000 0.00926  1.77661  5.04223
HO7 11 4 Hap1(7), Hap2(2), Hap14(1), Hap15(1) 0.60000 0.00630 —1.02075 2.34625
M07 4 2 Hap1(3), Hap2(1) 0.50000 0.00257 —0.75445  1.71605
MO8 6 3 Hap1(4), Hap16(1), Hap17(1) 0.60000 0.00114 —1.13197 —0.85842
WK 2 A04 9 1 Hap6(9) 0.00000 0.00000  0.00000  0.00000
Huaihe River g 6 5 gzgg(i()’l)Hap”(z)’Hapzz(l)’HapB(l)’ 0.93333 0.01487 —0.36101  0.58041
QI8 6 3 Hap1(4), Hap14(1), Hap25(1) 0.60000 0.00400 —1.39031 1.31156
P16 13 6 gzglz(g()’l)}’Iﬁ’;ﬁgl)igaplg(l)’ Hap19(): 64103 0.00409 —1.32292 —0.67801
S19 6 4 Hapl(2), Hap2(2), Hap5(1), Hap7(1)  0.86667 0.00789 —0.75873  1.02106
H(iﬁai]{;lir E10 13 3 gzg;(;&,)HaﬂG), Hap3(1), Hap7(%), 83333 0.00981  1.10965 2.92322
El4 6 1 Hap1(6) 0.00000 0.00000  0.00000  0.00000
GO3 4 2 Hap1(3), Hap27(1) 0.50000 0.00343 —0.78012  2.19722
G04 5 1 Hapl(5) 0.00000 0.00000  0.00000  0.00000
SR 18 135 27

average

0.78574 0.01059 —0.52984 -3.23400"

T Hy MR ZREYE, n WA IR Z #E1E, Tajima’s D 8 Tajima’s D FPER(E, Fu's F, 9 Fu's F, PHERIG(E; «“* &R Tajima’s D

HFw’s FRG 0t 25 0 2 P A B0 L.

Note: Hy, haplotype diversity; z, nucleotide diversity; Tajima’s D, Tajima’s D test; Fu’s F, Fu’s F; test. “*”represents the Tajima’s D and

Fu’s F;tests significantly deviate from the standard neutral model.
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JIT A R AR 3 35 1 BE A% o3 A (Fsr>0.25), Hoist e
SRR B B 2 K- (P<0.01), T C36 BEHAY
R19., R20, B0O7. K08, S19 1 E10 3£ 6 INEEAAL
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C36 BER 5 HLAMBER BIAEE R R85 1k

XA RN 4 KR B AR IR AT 7
75 253 (AMOVA), 45 BR (R 4)HATEERRY
G AR S EEORIE TR AR, B R
66.03%, HEARMENS LS5 1 40.22%.

PLF5 W H ¥R (Palaemon modestus) (GenBank %
ST MK412768)E I AEHE, H MEGA 7.0 # 4
P H A TH AR 18 AR ML R Gt ER (K] 2a),
S5 5R 0 H A TR MRS [R) FE A4 1] T A il R R 7K 2R
GG RN ) 4 32, BRI R G OC R 22
N E, T EKR ML

H Network5.0 {422 il BRA5% 754 ) 2% [£] (1] 2b),
SRS E N i 2 N A R i e (51

B Sk ) b B A8 AE), AN [R] 7K 2R RIVRE R ) 24 77 7 o
fE Rt 2 5 0 . R Hap2. Hap6. Hap7. Hapl4

MR A KR B A BB E R EEDUIER(Fsr, BT, BERNIEEES

(ffaLk, BB kEEEESCIALER)
Tab.3 Pairwise Fsr (below diagonal), genetic distance within populations (diagonal bold) and genetic distance
(above diagonal) among Macrobrachium nipponense populations from 4 river systemsin Henan Province

it KTk % H K &R eI K 5 T K Z
popula- Yangtze River Yellow River Huaihe River Haihe River
on R4 RI7 RI9 R0 BO7 C36 HO7 MO7 MO8 AO4 KOS QI8 P16 S19 EI0 El4 G03 Go4
R14 0012 0012 0011 0015 0013 0016 0.009 0008 0008 0022 0013 0008 0.009 0010 0013 0.007 0.008 0.007
R17 0.154 0008 0.008 0.013 0011 0012 0.009 0.008 0.009 0.020 0012 0009 0.09 0.008 0.009 0.009 0.009 0.009
R19  0.048 —0.068 0010 0.013 0011 0012 0.008 0.007 0.009 0.020 0012 0009 0.008 0.008 0.009 0.008 0.008 0.008
R20 0011 0.065 —0.025 0017 0.015 0014 0.014 0013 0014 0016 0016 0014 0014 0.013 0013 0014 0014 0014
B07  0.017 —-0.005 —0.101 —0.029 0014 0.013 0.010 0.009 0.010 0.023 0013 0010 0010 0.010 0011 0.010 0.010 0.010
C36 0329 02937 0.180 0.051 0096 0009 0013 0014 0016 0017 0015 0015 0015 0012 0011 0016 0015 0.016
HO7 0012 0.1587 0.046 0.195° 0.016 0.441™ 0006 0.004 0.004 0026 0010 0.005 0.005 0.007 0009 0.004 0.005 0.004
MO07 -0.042 0206 0.095 0.197 0.040 0.5577-0.139 0.003 0.002 0.027 0.009 0.003 0.003 0.006 0.009 0.001 0.002 0.001
MO8  0.070 0.425™ 0333 0.037 0263 0.698" 0.077 0.038 0001 0.029 0.010 0.003 0003 0.007 0.010 0.001 0.002 0.001
A04 0726 0.769™ 0.775™ 0.536™ 0.756™ 0.804™ 0.861™ 0.973™ 0.984™ 0.000 0.024 0.028 0.028  0.023 0.021 0.028 0.027 0.028
K08 —0.064 0.041 —0.036 —0.031 —0.096 0.173 —0.005 —0.015 0.176 0.735” 0.015 0.010 0.010 0011 0.013 0.009 0.010 0.009
QI8 0.011 02917 0.185" 0.265 0.103 0.563"-0.064 —0.167 0.000 0.943" 0.943 0004 0.004 0.007 0.010 0.002 0.003 0.002
P16  0.080 0.304” 0.216™ 0.352” 0.177"™ 0.6127-0.031 —0.165 0.018 0910 0.114°-0.090 0.004 0.007 0.010 0.002 0.004 0.002
S19  0.023 —0.046 —0.129 0.035 —0.106 0.264 —0.308 0.016 0313 0.861 —0.066 0.121 0.135 0008 0.009 0.006 0.007 0.006
E10  0.126 0.040 —0.059 0.018 —0.053 0.092 0.122 0.179 0.358" 0.723" 0.037 0.243" 0.281" —0.054 0.010 0.010 0.010 0.010
El4 0070 04377 0.349" 0383 0.279" 0.727" 0.074 0.111 0.000 1.000™ 0.188 0.000 0.001 0.343 0.366" 0.000 0.002 0.000
G03  —0.033 02627 0.142 0202 0.069 0.5547-0.067 —0.167 0.051 0.964™ 0.017 —0.090 —0.070  0.083 0.212" 0.111 0.003 0.002
G04  0.040 0.4137 0316™ 0.344 0.239" 0.700” 0.048 0.063 —0.034 1.000” 0.148 —0.034 —0.023 0304 0.349™ 0.000 0.063 0.000

s xR 22 57 .3 (0.01<P<0.05); “**7F7R 25 S i 3 (P<0.01).

Note: “*”means significant differences (0.01<P<0.05); “**” means extremely significant differences (P<0.01).
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x4 AEEANNXKERBERBIREE AMOVA 5517
Tab. 4 Analysisof molecular variance (AM OV A) among Macrobrachium nipponense
populations from 4 river systemsin Henan Province

78 S A YR F - Jr 8 S 20 I BTy /% It & R E
source of variation df sum of squares variance component  percentage of variation  fixation index

#[{[6] among groups 3 18.781 —0.19428Va —6.24 Fer=-0.06245
4 FYTRN .
PRI . L 14 154.708 1.25115Vb 40.22 Fsc=0.37852
among populations within groups
#EAPY within populations 117 240.348 2.05426Ve 66.03 Fsr=0.33971"
At total 134 413.837 3.11113

TE: For AFREEAE SR Fse WEMNZESR: For NARBAER:; %R 2857 35 (P<0.05); “** KR 22 7% % (P<0.01).
Note: Fsr is total variation of population; Fsc is variation within groups; Fer is variation among groups; “*”means significant differences
(P<0.05); “**” means extremely significant differences (P<0.01).
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Fig.2 The ML maximum likelihood phylogenetic tree (a) and network of haplotype (b) of Macrobrachium nipponense
from 4 river systems in Henan Province based on COI gene sequences
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TR MR S ARG RS IR A, 3 AR e A o



1554 [ K R 2 28 &

PokEAE . it — DA B ARTRAFE AR R D (RUE T BSP oM, 4R 2o H AR TR AR [F K R A
1A, M BEAST BAFX HARFIK RBEA KA BERBEARR IR SRR E 1 H(K 4a~e).
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Fig. 3 Mismatch distribution analysis of Macrobrachium nipponense populations from 4 river systems in Henan Province
a: Yangtze River; b: Yellow River; c¢: Huaihe River; d: Haihe River; e: total.

1077 10%r 10%F .
b

—
(=]
—_
S
©
—_
(=]
T

._.
(=]
T

ARFIEEE
effective population size
AR
effective population size
(73 /
RGBSR
. effective population size

of ol of
-2 ! ! L L ! ! L 2 L L ! ! ! ! ! 2 L L L L L
1OQ Q;»I 6'» Q;» Q;» 6'» Q;» Q;» 6'» 10 Q Q,w Q,’» v B;» Q;\o Q;» Q;» OQ Q,’» Q;» Q;» Q;» Qﬂ
NN NN NN NN NN N NN NN N N N N
Nalsatad -t adtadtadte s N \5+ ,»+';.3+ st ,,)‘.>+ ST 8T W o
fisf[6]/Ma BP time fisf[6]/Ma BP time fif[]/Ma BP time
3 3
10°r4 10°r,

—_
S
)
T
—
S
)
T

—
(=]
T
—
(=]
T

HRFRELCE
effective population size
HRFRELCE
effective population size

(S oL
-2 . . . . -2 1 . 1 1 1 L L
10 Q Q;» o Q;» Q;» 10 Q Qb Q;» Q;» Q;» Q;» Q;» Q,'»

N N N N NYONT N NN NN
N o o W o N \5+ o r;)+ o K +
ff[&]/Ma BP time fif[E]/Ma BP time

Pl 4 T g5 A DU K 2R H A T AR R AR DL 7 SR B 4k 5
a: KYTIKER; b: ERKER; ¢ WERKER; & BRUKER; e B BAIIRMEERD, BELAEXIEER 95%EF XA,
Fig. 4 BSP (Bayesian skyline plots) of Macrobrachium nipponense populations from 4 river systems in Henan Province
a: Yangtze River; b: Yellow River; c: Huaihe River; d: Haihe River; e: total. The black line represents population
size, and the blue line covering areas represent 95% confidence intervals.
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Genetic diversity of Macrobrachium nipponense in Henan Province
assessed using mitochondrial COIl gene

FENG Mengxia, TANG Yongtao, LIU Ruyao, YAN Xuemeng, HU Bo, NIE Guoxing, ZHOU Chuanjiang

College of Fisheries, Henan Normal University; Engineering Technology Research Center of Henan Province for
Aquatic Animal Cultivation; Engineering Laboratory of Henan Province for Aquatic Animal Disease Control, Xinxiang
453007, China

Abstract: Macrobrachium nipponense is a freshwater prawn with high economic value. It is widely distributed in
most freshwater water bodies and in all river systems of Henan Province. With the development of aquaculture, the
change of ecological environment in the water area, and the influence of contrived factors, the germplasm re-
sources of M. nipponense have also been gradually affected in recent years. To provide a reference for M. nippo-
nense in Henan Province, we assess the germplasm resources and genetic diversity of M. nipponense in Henan
Province. The mitochondrial COI gene was used as a marker to investigate population genetics of 135 M. nippo-
nense samples from 18 populations in Henan Province. The samples covered four main water systems in Henan
Province, including the Yangtze, Yellow, Huaihe, and Haihe Rivers. Results showed that the 18 populations of M.
nipponense in Henan Province contained 27 haplotypes. The average haplotype diversity (Hy) and average nucleo-
tide diversity (z) were 0.78574 and 0.01059, respectively. The Huaihe population had the lowest genetic diversity,
and the Yangtze River population showed the highest genetic diversity. High Hy and low = were observed for the
four rivers. AMOVA showed that major genetic variation (66.03%) occurred within the population, and 40.22% of
the genetic variation existed among populations. There was no significant genetic differentiation for M. nippo-
nense from the four water systems based on phylogenetic and haplotype network analyses. The demographic his-
tory analysis showed that M. nipponense of Henan province did not experience recent population expansion,
maintaining a relatively stable population size. This study can provide basic guidance for protecting and reasona-
bly utilizing the germplasm resource of M. nipponense in Henan Province, providing reference material for the
whole of China.

Key words. Macrobrachium nipponense; COI; genetic diversity; germplasm resource; Yangtze River; Yellow
River; Huaihe River; Haihe River; Henan
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R 2 A 10 AT rh R B TS AR DA R R R
WIS, 2006 4F B EkE U200 il v =X T 4
5 [\ b5 7 (POP-UP  satellite), 3 35 bR 2k 0k IT
J v A 3 A Vg b B A B8 R A3 A BE Y 2010—
2013 4F F A e T LR T JE h AR T
FEFR AR VEAL . I 1 B AR bR R A AT
AR, JUHAC YT 1 A AR TR0 I T 1 RV
T A BIRN 43 A 55 5 TH RIS IR FE AR AP B B o
AW BT KA O ip AR g bR O H R, FIH
2004—2014 AFEAREBORTE B, WRERKILH hAes
e T T i K AR Vg3 v ) T B o0 A X8, KT
1 rb AR A 98 B AR VA | T AR B R Y
PR R4S P AL R AR 4R -

1 MREFE

11 MAPEERERMTTESER

2004—2014 4F RiTbr i h 428 12570 B
(F& 1), WO H AL TR H g S bk 8 FRg 52
RS KIE o B AR B A P AR TR EH
fE TAREFE)HAREFA R, Hrd Fy i Rid
EEEP RPN TEE, FAEf T LTS
BH ) 1 rh AR R A S b DY R AT 248 N T YR B
Az Hp AR AR RO S BT TR AR, 24
BB IR 2~3 A~ H G0 B 2R Kk

F 1 2004—2014 FrhEFIRERRIERR
Tab.1 Satisticsfor tagging Chinese sturgeon in 2004—2014

JICTR M 5, release site

PR AR g /ind
Ay year  HH] date number it east L% north
longitude latitude

2004 09-26 119 122°03'03”  31°23'00"
2005 09-19 1512 121°29'00”  31°25'00"
2006 08-06 3351 121°37'46”  31°30'05"
2007 04-22 2006 121°38'00”  31°30'00"
2007 06-17 51 121°45'00"  31°25'00"
2008 11-01 2550 121°3127"  31°2324"
2009 11-09 2569 121°48'40"  31°25'52"
2009 12-11 85 121°48'40"  31°25'52"
2010 06-06 20 121°48'40"  31°25'52"
2010 07-24 33 121°48'40"  31°25'52"
2011 06-16 42 121°48'40"  31°25'52"
2012 05-06 33 121°48'40"  31°25'52"
2013 12-08 129 121°48'40"  31°25'52"
2014 04-24 70 121°48'40"  31°25'52"

12 HEHIERERZE

X I H AR A TR AR | ARSI AR A
PR R R B0 25 & b idi (passive integrated trans-
ponder tags, PIT), &SR s Jhy HhHE 4R 5T Ar 5 8
(silver brand tag, SBT). 7 (plastic streamer tag,
PST). ‘B #ukridi(plastic bone armor tag, PBT) M4
Fr(plastic tipped dart tag, PDT)A)H:Hp—Fh, #R4
R B HE I 75 =0 T2 s LObR 7 (POP-UP sat-
ellite archival tag, PAT). H:H PIT #5a& T A3 A
TSRS B A AR Y, 8 MR SRS T rh AR
BRI RT 1A H IR, PAT biak Tl o7 Bk
FFEE (B 1),

B AR R SRS B b i o B

Fig. 1 The type and position of the tags in Acipenser sinensis

1.3 FREEBEK

AN (=S BUR Ay REC=E S A CIE T MR E A g
jﬁi?ﬁ% WA BERE PR S, R A
AT E AL TAE, I Aes R SRk b Bl 140
M5 BRI =, DM R R
14 SitHE

XA RIC 7 R 0 h A a3 hR R B 32 L (A
FINHA] BRI B DL R b s AR A0 A (X I
AT AT, 5T T AR B TR I ) 1 7R
RS M A EEE . DL BRI #E Excel
HSE R, R AL R RR A BV A BT ArcGIS
10.0 £l

2 HZRE5HMH

21 FREDEMREEERKEE
2004—2014 AFEH A YRR 24 BYRCE bR
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HEP AR ERE R (R 2), W bR & R R N 52.9%, {HAR R %] PAT bri i aesd
0.19%. trdsEffi s, mH 1% F, rhesg 22 ERRERRPESHSHXIE

12 |8, 2 W& DL b Fy W Aefd 11 Bk, A ULEFA: g ST bR A T b A, RS A AR R
B30 % . HA AR 545 2013079 MR SRR é:\%ﬁ?ﬁﬂ:mkinjz\%f g ol R BV I 3 (R 2
HRAREA 2 IR IR IE 2)o b AU T O A5 B Y I K sk A

2004—2014 44T T 7 K PAT bRl i, 12 B, & ELEEHEET 50.0%; [FHE T A

PR 34 B PAT fraEmrpaesd, Stk inﬁE’J 10 BB, SRR R 41.7%; BT 56
18 ¥ PAT Fri&ifi B (58 3), PAT #rik[IE K I 2 B

K2 HEFEAGRSEKER

Tab. 2 Receivinginformation of tagsin Acipenser sinensis

[i i s [] 5] B /d I B 2 B /km

days between releasing linear migration

PR s® R H

tag ID release date and recapturing recapturing geographical position distance
2004010 2004-09-26 45 M Yellow Sea 290
AA1503 2005-09-19 1 KT O LR ek E Yangtze River south tributary 40
AA0120 2005-09-19 71 WV AR LB 5755 Zhoushan sea area 125
AA0600  2005-09-19 73 WYL T PR3, Ningbo sea area 118
AA0688 2005-09-19 80 WL AR 1B 5 635k Zhoushan sea area 133
AB2053 2006-08-06 56 KILOAMNEM off Yangtze River estuary 65
ABO0065 2006-08-06 2 KL 240 13 AR WEVR /K 38 east Chongming coastal line 32
AB0721 2006-08-06 5 KV TS B B A B4 7K 3k east Chongming coastal line 33
AB1321 2006-08-06 6 KT MR 2k /KB Yangtze River south tributary 7
AC1726 2007-04-22 2 KT E g 32 b #k /K38 Yangtze River south tributary 6.5
AC1000  2007-04-22 5 KIT. O 2k K il Yangtze River south tributary 6.5
. WL -3 [ 2 Pl
ACO996 2007-04-22 6 :Lr(il:izt[:rit b/e\t:?eti*%}{iii;?gﬁﬁ Hengsha Islands 22
AC0936 2007-04-22 8 KT O Rg S db ek E Yangtze River south tributary 8.5
ACl614 2007-04-22 14 KT O g Ak ek E Yangtze River south tributary 27
AC9044 2007-06-17 22 WL AL 5 38, Zhoushan sea area 117
8110131 2008-11-01 64 WL IR MK Wenzhou sea area 423
8110129 2008-11-01 130 WL AR 1B 5 3k Zhoushan sea area 146
2013079 2013-12-08 28 i Yellow Sea 128
2013078  2013-12-08 93 KR EL 19 81 1 3 3. Nagasaki islands sea 630
2013060  2013-12-08 115 WiV T P IR 3) Ningbo sea area 216
2013079  2013-12-08 124 WL R B Zhoushan sea area 125
2014080  2014-04-24 1 KIT. N 2k K i Yangtze River south tributary 29
2014013 2014-04-24 5 £ 0L 327K B Yangtze River north tributary 25
AF0041 2013-12-08 198 KIT AR 2k KiE Yangtze River south tributary 25
AL KI5 65 AR5 0 A 1 L G 145 FEGE RPN E A EIE T AR RS

B, KITOMZAGKE 7 B, KICAOSEME  Sgih s, st rnfsimEs s B, s
AREBMEVRKEL 2 R, KM ZEKE | gl 2 B, KICHSMNEE . #rilii gl Kig
B, KITOmCrlkiE 18, Kiradb kg 1 BR B 1 8. trdbl b s ot T
. ] ULRKIT O g S b He Kl BA B R AR s 27°487007~33°15'00"N, 121°30'18"~128°34'15"E
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A3 AT X S RS T R 5,50,
A AT L, R VT 1 K BRI S L B 5 VA7 e

SR

R AR BB AR 1 FEERE A X,
2.3 PAT #REMRPLEE N D
HAE PAT 5 i v b, 257l i PAT Arabirh

e D, R TR 9 B, il 9 R,
PAT s rh A i b B ik s e 15 VGV 2 (ID88363),
I B 2 kAR AT AR VT (ID64679), i Al &
125°E DUAR, /M TREBE N 40, GEHEE N
O MMV KB AL I . £7A PAT brii b AR 63 FI
P VN RRCCE SN B T =S N A I B B 19 e R
B0 AT TR T 7°, GBS N 9Ky K
WUORZR . BRI
2.4 IREBRBPEEREIEREFTERGR
LR 2), WSRO Th AR ] R A]
B fEAAE A 1 d, Sl 198 do FERIT I KR A
By 12 B bR b AR b, 11 R AR b R ik
Wa 1~14 d, 1 BT RR)E 198 do TR
VR R VA T 1 W MR A AR 3R 22 RRIK,
[l 45 ] B ESF 18] & 22~130 d, G831 PAT b rhagdi
58 (3 3), PAT & TG 7~181 d N R BIfF 7,
RGHME T A BN TR . Hir, 138252 %5 PAT
L 7 d R B EH VL O AR KR, 88360 45 PAT
181d J5 NB I & M55 o LR B e R 25 R 3R 1,

ﬂé/gﬁj\%ﬁ@(%@ 3. K 3). PAT T‘]‘)L‘\ﬂﬁgﬁj‘ﬁ@u VL Ot p e lm s &5 B8 e K
R 3 PAT REEKER
Tab. 3 Receiving information of PAT
PAT 5 i H 19 JE9% F 19 Ji5t % b BCE L% K PR TE KRB LR S /km
PAT ID releasing date pop-up date end point set-up pop-up days  actual pop-up days migration distance
64680 2006-08-06 2006-09-05  #1f East China Sea 30 30 60
64679 2006-08-06 2006-10-01 7R East China Sea 60 56 640
64677 2006-08-06 2006-12-12  ZRiff East China Sea 180 128 200
88529 2008-11-01 2008-11-20  #ifF Yellow Sea 30 19 200
88361 2008-11-01 2008-11-30  #ifF Yellow Sea 30 29 447
88530 2008-11-01 2008-12-01 i Yellow Sea 30 30 260
88363 2008-11-01 2008-12-30 Hiif Yellow Sea 60 60 697
88362 2008-11-01 2008-12-09 Hiif Yellow Sea 90 39 270
88360 2008-11-01 2009-05-01 ¥ Yellow Sea 180 181 448
88530 2009-11-19 2009-12-19  #ifF Yellow Sea 30 30 416
49963 2009-11-19 2010-03-03  #ifF Yellow Sea 180 104 298
49904 2010-07-24 2010-11-04  ZRiff East China Sea 60 103 201
49905 2010-07-24 2010-08-19  #< East China Sea 60 26 56
108576 2011-06-16 2011-07-16  #i Yellow Sea 30 30 589
108580 2011-06-16 2011-07-03  ZR¥f East China Sea 360 17 181
108578 2011-06-16 2011-07-10 Z3if§ East China Sea 60 24 197
49960 2013-12-08 2014-01-14 Z3if§ East China Sea 60 37 195
138252 2014-04-24 2014-05-01 75} East China Sea 30 7 48
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Research on the downstream migration and distribution characteris-
tics of Chinese sturgeon in the Yangtze Estuary based on tagging and
releasing infor mation

WU Jianhui"**, CHEN Jinhui"** GAO Chunxia®**°

1. Shanghai Aquatic Wildlife Conservation and Research Center, Shanghai 200092, China;

2. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China;

3. Joint Laboratory for Monitoring and Conservation of Aquatic Living Resources in the Yangtze Estuary, Shanghai
202162, China;

4. National Engineering Research Center for Oceanic Fisheries, Shanghai 201306, China;

5. Key Laboratory of Sustainable Exploitation of Oceanic Fisheries Resources, Ministry of Education, Shanghai 201306,
China

Abstract: Chinese sturgeon, Acipenser sinensis, is a first-class protected aquatic fish in China. At present, artificial
proliferation and release technology have become one of the important means to actively protect Chinese sturgeon.
Mark release is the primary technical method of proliferation and release. Mark release technology is an important
method to study the distribution law of fish and migration habits of migratory fish, evaluate the effect of artificial
proliferation and release, and estimate the number of the natural population. To study the migration and distribu-
tion characteristics of A. sinensis released in the Yangtze River Estuary, this study analyzed the mark information
of Chinese sturgeon released in the Yangtze River Estuary. From 2004 to 2014, 12570 Chinese sturgeons were
tagged and released to the Yangtze Estuary. Among them, 24 Chinese sturgeons were recaptured, and 18 POP-UP
satellite archival tag signs were received. Based on tagging and releasing information, results showed that: (1) The
distribution area of the tagged Chinese sturgeon is located on the Yangtze Estuary, the East Sea, and the Yellow
Sea. The migration range spanned 7° longitude and 9° latitude. Chinese sturgeon were mostly distributed in the
Yangtze Estuary and Zhoushan Islands. (2) The tagged Chinese sturgeon has a significant trend, moving down-
stream into the Eastern Sea. In the early releasing time, tagged Chinese sturgeons stayed in freshwater, entering
the ocean after seven days. (3) There was no clear migration direction when the tagged Chinese sturgeon entered
the ocean. The tagged Chinese sturgeon had the characteristics of turning back, changing direction, and stagnation.
This study provides critical information for the proliferation and release of A. sinensis, indicating that the stock
enhancement of Chinese sturgeon in the Yangtze Estuary significantly affects the resource protection of Chinese
sturgeon.

Key words. Acipenser sinensis; Yangtze Estuary; tagging and releasing; downstream migration; distribution char-
acteristics
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Fig. 1 Schematic diagram of the scientific investigation
site from 2014 to 2018 in Bohai Bay
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Tab.1 Thenumber of scientific investigation sites of
each month from 2014 to 2018 in Bohai Bay

A month 2014 2015 2016 2017 2018

5 A May 9 17 - 13 13
6 J1 Jun. 9 9 10 26 26
7 H Jul. 9 9 10 13 13
TE: R AT R 4.
Note: “—” denotes that the scientific investigation was not carried

out in this month.
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RAL,; A m A5 i sl i AHXT 8 U5 2% B 5 4K, ST,
Shm FE i AN BRL PR R R A

W& BT T — e KRl [E] f (e, SST LA
0.5 ‘CAX[al[a] kg, SSS LA 0.2 KX [H] [l f&, pH LA
0.05 A X (8] [A) bR )l 73 100 Be, LA BN SI
R KA R AR i, 45 BEN ST R HRE X Rz ) R 5%
SRR G S o eeive |5 e S v
G303 A IAEE AT A EOE A A

ST, = 0w

K, a M b NGB NSEL kAR R

6 138 B PR AR L (HSTE 20 {H:40 80 4E1C
PR, VR — R R R MO S R AR AL, H
WO AN S H P . S TR G AR T
Jo7 FRUOTS) ABIRGE A3 50 5R FH LAA] S 4495 (geometric
mean method, GMM), fz/]MH 7 (minimum method,
MINM)F13% 7 % (continued product method, CPM)
A S M 3 PR RO AL . HST EA T 0~1, 0
FRNIE R, | T ieid i,

HS g =3/STsst +STsss ST
HSI v =min(Slgsr.SIsss . STo )
HSI(py =Slgst * Slggs % Sy

A, SIsst. Slsss Al Ly 43714 SI 5 SST. SI 5

SSS. SI 5 pH MiE B HEFE 5L

1.3 i EHE T EIEHEER TN SIIE
FELEAE RAT FTUM{E HST #E474 1k A,
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8 o AT TR R ) S H5 . U R R
A5 S EN] (Akaike’s information criterion, AIC)PF
SR Y T A A0

AAEWIH T FEAT

O, =a+fxP,

X, 0 W WEE(E RAL P, N TU{E HSL o 18119
B, pER

AIC AR

AIC— RSS
A, n HIEEL, RSS j:fﬁﬂéi%%ﬁ%n AIC {H#k
N, RERLERAT

AL S KB 22 I Rx64 4.0.3 FA4:
% (e}
2 ZHERE5HH

21 &PMS TSI

TERFE] L, MO R e S Hfe A, Hi
5 A RAEFRMOYE BATIRE 33.94%, 6 5
60.57%(3R 2). FEZS[H) L, PEERGE R i) 2 T

R, BN A @A, Hrb 38.50°~
38.75°N Ju IR, U4 d 90.42%.
161 G B0 A5 A SST .SSS il pH 8 Bl 4331 2 21.6~
24.8 ‘C. 30.07~32.60 F1 8.03~8.21, H F £ O )55
AT 5 BE AR Y 77.33% . 86.48% 11 86.33%.,
22 EEMIEHEEEN

X} SST. SSS il pH #4738 B HE HIR A, A
R HAT W3 ST 3 L (P<0.01)(FR 3)FIE T
LA (8 2), 5 H 0 ST hZR A B i, » ¥R
F0.907, 6 H WA BE e 22, »* I/ IMEAUHN 0.534,
TE 5—7 H, MU ISR SSS. pH WA K, 7
HEEH SST AR 27 C, 85 AfM6 AWEH
SST A BRI . KL FASEL a LU} ST k4
R, Ik 5 HmBIXET SST. SSS UK pH A #%
R B IX 8], 16 A A7 H, %F SST. SSS #il pH
I T8 B B
2.3 HSI #ALLE

A GMM ., MINM #l CPM 134433 i HSI
5 RAI WA FEH#AT VIR R B 4), 765 AR T

% 2 2014—2018 4F i) L & 0 F B AU R | Gt it
Tab. 2 Abundance of fish eggs from 2014 to 2018 in Bohai Bay

ind/m’
H 1y month 2014 2015 2016 2017 2018
5 A May 0.232 0.243 - 2.889 0.019
6 A Jun. 0.068 0.076 1.186 1.380 0.993
7 A Jul. 0.125 0.147 0.059 0.091 0.018

T RN ARTT I £

Note: “—” denotes that the scientific investigation was not carried out in this month.

x3 5—7 AHBEANERHEHIESR
Tab. 3 Statistics and parameters of the fitted suitability index (SI) model for fish eggsin Bohai Bay from May to July

A 1> month A% model 28 a parameter a 28 b parameter b 7 P
Slsst 3.193 22.008 0.945 <0.001"
5 A May Slsss 6.253 30.459 0.907 <0.001"
Slpy 338.084 8.104 0.956 <0.001"
Slsst 0.438 23.775 0.697 0.004"
6 A Jun. Slsss 0.623 31.682 0.534 <0.001""
Sl 62.309 8.129 0.851 <0.001"
Slsst 0.842 26.986 0.876 <0.001"
7 A Jul. Slsss 1.517 30.528 0.919 <0.001"
Slpy 55.636 8.133 0.686 0.005™

T xRN KL 2 3% (P<0.01).

Note: “**” indicates extremely significant correlation (P<0.01).
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Fig. 2 Monthly fitted suitability index (SI) curves inferred from the relationship between fish eggs abundance and
sea surface temperature (SST), sea surface salinity (SSS), and pH from May to July in Bohai Bay

x4 HS RETN R LR
Tab. 4 Predictive performance of habitat suitability index (HSI) model from May to July

A3 month A model I o intercept a #H% B slope B s AIC
GMM 0.008 0.644 0.550 -44.996
5 H May MINM —0.004 0.865 0.550 —44.971
CPM 0.012 1.350 0.654 -58.335
GMM —-0.025 0.370 0.154 1.533
6 H Jun. MINM 0.039 0.334 0.152 2.000
CPM 0.076 0.363 0.152 1.675

GMM —0.041 0.445 0.190 —6.4933
7 H Jul. MINM 0.019 0.417 0.149 -3.863
CPM 0.047 0.654 0.316 —15.649

A, CPM B A RIFIIIETEG A: P=0.654, AIC=  {E, 75 6 H N TERER .,
~58.335; 7 A: r*=0.316, AIC=15.649), 7£ 6 H,
GMM LA FE RS & F MINM Fll CPM ., BA T 75,
3 RN HSEALEI 9 HST BURILE 5 H0 1 RE J A T i 2 o 0 U £ S E 0 A, AT

3 itig



1572 Hh [ K R

428 &

EHEH, S Y a0 S AR 5 H Fne AU
AW SR 51—, B oR R, 1983
£ 5 iAoy fFHE AR S 2
86.5% TAMIZE T, 6 I & Bk — 2t
(60.57%), X 7] HE -5 JF A i H 3 e kb 4 vh
f s A U B S Bas T shie bk o RE 1, 1
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PR T ELA AR SRR

SRR, FEARRA Gy, ¥ Ao Eg
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I F AR X, SST. SSS Hl pH X 3 PHALIA T
TEAN [R R 7 453 % #0570 53 A7 19 52 e B2 B AN ],
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Environmental adaptability of fish eggs in Bohai Bay assessed using
habitat suitability index method

ZHANG Yuchen"?, GU Dexian’, XU Hailong" *, XUE Wei', YU Xiaohan'

1. College of Fishery, Tianjin Agricultural University, Tianjin 300384, China;

2. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China;
3. Tianjin Fishery Institute, Tianjin 300171, China;

4. Tianjin Key Laboratory of Aqua-ecology and Aquaculture, Tianjin 300384, China

Abstract: As a spawning ground for many fish species, Bohai Bay plays a significant role in maintaining sustain-
able inshore fish stocks in Bohai and the Yellow Sea. In recent decades, the loss or fragmentation of fish habitats
has been taking place in Bohai Bay as a result of exogenous interference factors, such as human activity and climate
change. An understanding of the distribution pattern of fish eggs is urgently needed to protect fish recruitment.
However, a comprehensive insight into how fish eggs are distributed in Bohai Bay is still lacking. To better under-
stand how environmental conditions affect the distribution of fish eggs in Bohai Bay, an integrated habitat suit-
ability index (HSI) model, including three physical and chemical environmental variables, sea surface temperature
(SST), sea surface salinity (SSS), and seawater pH, was developed in this study. Meanwhile, three empirical HSI
algorithms (geometric mean method; minimum method; continued product method, CPM) were performed to se-
lect the best algorithm. The data used for analysis comes from independent trawl surveys, applying standardized
sampling protocols from 2014 to 2018. The results showed that (1) the fish eggs in Bohai Bay were mainly dis-
tributed in areas where the ranges of SST, SSS, and pH are 21.6-24.8 ‘C, 30.07-32.60, and 8.03—8.21, respec-
tively. (2) The SI of each environmental variable varies by month. (3) CPM was the optimal HSI model for fish
eggs in Bohai Bay based on the evaluation criteria of Akaike information criterion. (4) In May, the HSI model
shows an acceptable performance. In June and July, there may be potential unconsidered factors that dominate the
distribution of fish eggs under suitable SST, SSS, and pH conditions. This study enhances our understanding of the
relationships between fish eggs and different environmental factors. Moreover, the models built can be used to
detect potential spawning grounds for fish in Bohai Bay. These findings may increase awareness among research-
ers and policymakers. A more comprehensive survey and scientific site layout will be helpful to gain a deeper un-
derstanding in the future.

Key words: fish egg; sea surface temperature; sea surface salinity; pH; habitat suitability index; Bohai Bay
Corresponding author: XU Hailong. E-mail: beiji80@163.com
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T8 WA AR, XA A AR A 5 5 0 3 i M
{k(fisheries-induced evolution, FIE)*! | jjr 64 5 T
Tl A 457 TR X 10288 B RS e P oY S AR TR AR
A A RN A 2SR SR AL 25 T . AR
FAE SRR AR A 9T 32 SR A [l 55 R s A 282
g U O R A s A RO T S A o P AR

Yrim HER: 2021-05-21; 1&iTHH: 2021-06-30.

TEHS: 1005-8737—(2021)12—1576—12

M fi(Menidia menidia)ifE 17 4 AR KA RSB
S, PR R A KRR, SRR R AR,
N 1A AN W I B R g, g AR
1, WA T AR KO TR ALY, AN E
(Larimichthys polyactis). H Zfi§(Scomber japon-
icus). A fa(Trichiurus japonicus)Z: £ ta2s, il
BTG T HAE BRI R . IR . A
PR DR b1 ST il AR E N T E <D0
FIE R ADISE, BF5E)2 B A i 3 B A] 9 M )
sz ma ML Ty 1w A J, B9 3 A 4 455 AT RE S |
i 0 5 N ERE AR, Takobsdottir ZE AN Ther-

BEEL£WB: BMFEA AR HQOI7YFE0104400); 1WA 2R H S ERF 5 H AR S E KL = H R L0
(2018SDKJ0501-1); LLUZRAE FE Il TREIWE; o EUKZBHAOF5E AR 55 7% % 15(2020TDO1).
EEE A HRR0996-), &, Bi-HHFTA, BFFEI7 0 R ol % I A 452 . E-mail: 13335088169@163.com

BIS1EE: BFIE, M5 5. B-mail: shanxj@ysfri.ac.cn
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DR AN[E T SR WS XK A 6 & & B BeA: K 152 1577

kildsen % U1E Sk |1 vk B i g2 KA K PG V65
(Gadus morhua)F i v & B Tl T4 495 e 6 i
PR AR TS Y 35t 1% 22 5 o 7E £L # £ (Poecilia
reticulata)’® . B 11 (Danio rerio) 45 A4 252 52y
A R T SR B K Rk 2 7 . BAX T
AN TRt 455 5 e o el £ 9y 5 el )y T 1 BIF 9 A A0 A
Wi, IRAEHE ST N 25 32 200 E Ul B 5 AT R 2L A
PR RO 550710, T A )4 195 5 s 5 [ g £ 26
T W T Y S e AR S AR

737K 75 (Oryzias melastigma)s J& T 4 € 1.
4 (Actinopterygii) . % i H (Beloniformes) . 1%
Wi Bl (Adrianichthyidae) . & J& (Oryzias), /K
BT, FHCEE, BEEREIUE; k75
P, R IR, R ORKAE @, R
AR €, SR A B B RN R BE A 2 Ay
HUNR A RV, HEARE R A, AT DAAE S
B = SN R AUBL A 5% BRI A M AR AE,
M52 BE JI AR5 DRK, By WLEEH5A, A1 il £ By
XoF T A S 0 R A A PR o ) 45 T e ) L R
JR% o PRI MG TR 7K T 80 T A Ay A W R A 252 ) K
B AW o AW LI K 75 854 A DF R 42,
I HA RAFIETEA R B R IE T Fio Fo Al Fs
Z |, BOHAE A R R 15 3 B, JF A
AN [v) 2 T RIAS ) £ B fife A A [R5 S w28 1Y
R ZESR, T RS [FIH B SR 0 2R A K 5
e B2 (L FE P FEAl, 0 A AT e 5% 5 A B it o
AR ALRL 2RI

1 #MREFE

1.1 SEIEH Y

S FH )1 7K T R R A T T e YK
PR A BRA ] o FH i HR R JORL (1% %)) £ T
PR D VE S ERE, B B 4 R B8R,
IFEN 7:00. 12:00, 17:00. 21:00, YGHARFE] K
7:00~21:00 (G5 5] 600 Ix), 56 a] 45 H I 27K iR
RHUKFTSEL, WA BT vk B 7 (5.85+1.02) mg/L,
ERAETE 29.3342.33, JKIRTE(25.65+0.52) C, pHTE
7.8240.13, & A 0.15<mg/L,
1.2 ZWigit

S TE AR T, VK T A S = AT YR,

DL N AR IR S, TR B AR S, Y1
KT B U EAL IS, EEUEEEE . T5 R AT
PEATSES, W HA A TH, BHRIAEREE, B4
I 300 B, BE T 150 L FEsmish, ol F,
MBI 1 JHJE (2 50% Ak ) P i),
I g AR K, IR [EI B R M I S, 4y
BRI 90% 5 %, 75% M3, 50% %,
T5% 445 % I B v 4% B B v R DL IR
U A g s Hee SO R R B, ORI E
90% e SR EE B AL AN 50%MK IR BE M5 20, AT X
LE o 539008 90% KA AR 155 [ BV AT 455 52 6 £ rh (A
HT 0% NA, 8B 10%A K B /)N il 512 56 41 (R
30 B)ifAT T —ARESH, WFR 90% H-B].90%FH L
B BV BEDLI H5 L, (RE 10%A9 T2 56 fo (B
30 )T —fREGH, PR 90% H-R]. 75% KA~
PR At B [ BN B 52 36 P AR KR 75% 944, PR ER
25% A K f /N SR £ (B 75 B )ik AT T — AR B,
AR 75% M-B]. 75%FEAILIH; R FEALIHT 75%
SCEfh, PRER 25%SERfa(BD 75 Bk T N —1R
I, AR 75% M-R] . 50% KA H5 [ BN 155 5
5o PR K AERT 50%1MA, FREE 50%M 505 fa
(RP 150 B)i#kA7 F —H %5, fRiFK 50% L-B].50%
BEHLIFE S [ RO BE LAY 50% 5280 10, 1588 50% 1) 52
g fa (RP 150 )i AT — AR %5, iFK 50% L-R].
75%/ N 35 [ BI85 50 50 fa PR K B /N1 75%
A, R 25% KK sk py s fa iy 75 B)iktr
T — AR BT, PR 75% M-S]. 4555 P E T AR Ik
a0 00, U0 FIRKIE IR 28 °C | FF8E T AT
fk, Zead 10 d Bk, 5 d PSRAL SR AT f A TRl —
VKA Fy, MEEF]IL 350 ERHA R 193758
W IR RR Fr, %08 LR S D BRI T 3 AR
(AR 455 S 56
1.3 ZWHE

FRARM AL O IR HidfE 1 Hig,
B 1 HAE R N T, AR 10 ki, K
E] 1 um,

freafBe: AHBHICA 1 H, 51 H 7
HlEE R A, B4 10 B, RS E] 1 pm,

R BB 7E 20~60 d B, £ 5 d BEATIRK .
SR, AR 30 B, FHUERR R R T I
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K86 %] 0.01 mm, 40 d Fl 60 d #50 & 10 ALK
#H, W EARRTUK g, HIH 7R, R
] 0.0001 g,

EAL AR B B A3 0 W AR W] H B8 300
KL, 76 1L Betkrh, HR/KIEIR 28 C . FFEE A
BEATWEAL, AR R 2K DL IR BI04
TSR IR AL ATt R

FEIE A Hm) H BRI R RRE 50 AT ik s T
SLBEM, —H 4 IRFEH SRR BT, Rk
IKTE 50%, 10 d JGiC s Ja el A7 s

A3 FESEA TR, DU BT A S0 £ 4
£, K3 1 mm, LA 1 em RAEE A IR K
AT, T IR B RO RS R KB P &y Le
1.4 fEHRNE
AL IR SPBIIR 40 T 60 H I
fi, PR AR AR R RO R FR:

W=axL"

i, LRI, WERIR LARXS - X 1A
a RRAERMFMEF, —a& R AYIRR
TS L, b s Ta B R AL

A DT R e PR BUE K5

W =W et

2, G 7 7 0 B[] 5] B A 7 B3 o 3 32, W A
Wiy 730 22 /s ZE B[] § RS (] i+ 1 B P AR B, At 3R
75 66 P T[] ol o
142 EKE (OB 1~9 HBRIGKRITREA
AU

F-H47 H 4 4K (growth of average daily, ADG,
mm/d): ADG=(Ly—L)/9

KA K K (average  growth rate of full
length, FLAG, %): FLAG=(Lo—L,)/L;x100%

KA E B K R (specific growth rate of full
length, FLSG, %/d):

FLSG=(lgL gL )x 100%/(t—t,)

Pt GFARHEE, Ly Lol ZoR Hlg 6L b
AR, L #Fn 1 HIg 2K, LyRoR 9 Hig2 K,
Rk 2KREHF 0.01 mm,

HiE H i (40~60 )i KI5

PR B 1 KK (growth rate of weight, WGR, %):
WGR=(Wgo—Wi0)*100%/ Wy

R 38K K (growth rate of body length, BLGR,
%): BLGR=(Lgo—La0)*100%/Lo
U, Weo. Wiao 23512678 60 H B F1 40 H 8K E,
Leo. Lao 2333 60 HIEF 40 HiRAK , AE
K3 0.0001 g; ARKHKGHH5] 0.01 mm.
143 WUESHEFRER

5971k % (hatchability, H, %): H=NF/NEx100%

HAAE 15 2K (survival rate, SR, %): SR=My/Mgx
100%
=, NF R4k H i i 47 041, NE 3RoR fa b
G MR 9 d LURAEIE R AL, Mo Rm TR T 2
B OBKEHAE 10 d UGG R iE, Hikg
TFFRIEE 10 d Z HTHE T AAT5 2 LR 9Y) o
1.5 Sitah

i F%#F SPSS 19.0 il Excel 2013 #EA7%d
A B AT, B R AR 1E 25 (X + SD)FRIR,
I B K & 7 2253 1 (one-way  ANOVA) K 56 A [fi]
PR . AN[FH . AFEUCERZ 0] 2Pk 22
i 3E K- P=0.05, iR E /K P=0.01,

2 ERESW

2.1 AEHFHRBETEAEHMEANSHAER

12 1 AT, Fo ARBEMHRE R ), HOMEAE 1~9d
Wi AR b 22 R8N, FyR Fy HoBRAR K/NVEE 1~9 d
B2/ AE 40 pm DL b AFERPREE B P42
KNG W H S AFEMCERE], Fo #1 Fi. F,
A HE A B 22 57(P<0.05) . M35 2, Fo Kt
TnddE5 Sy, HEEOIARTE 5 d B/, 9 d ik, RVA
ZFAK RIERERITZ0HER, 9 d, 90%
H-B 5 90% H-R,75% M-R.50% L-R Fl 75% M-S
Z B3 BIAFAE R . 25 P 22 573 (P<0.05); 90% H-R 5
SRR B R W AT A 3 25 7 (P<0.01),
FIF, BPARECHG A L, Fo 1) 22 55 P S BH i, 7, BRAE
K/NFE 1100 pm LA, BIE KT Fy #l Foo Fo 1, 1
d B A AL BRAL (A) 25 R R % . 3 d i, 90% H-R
5 75% M-R. 50% L-B. 50% L-R ALt 2 FiH &
FE2 R (P<0.01), HiZH&E R 3 d i
/No 5 d At 90%H-B 5 75%M-B 5 B i & P2
5(P<0.01); 90% H-R 5 75% M-R., 50% L-R # It
S B M2 R (P<0.01), 575% M-B 503
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(P<0.05), 7 d i}, 90% H-B 5 75% M-S tH .2
W 3 P25 5 (P<0.01); 90% H-R 5 75% M-B £

W I PE 25 R (P<0.01) .9 d I, 90% H-B 5% 90%
H-R DAAIPF) 5 2 5 B i 25 1 22 7 (P<0.01),

F 1 HkEUE BHEAE KR EPE LR
Tab.1 Comparison of egg diameter between different generations of Oryzias melastigma at the same age
n=20; X £SD
f{FR generation 1 H Day 1 3 H Day 3 5 H Day 5 7 H Day 7 9 H Day 9
Fo 1081.78+37.74* 1073.32+33.55% 1080.08+43.82* 1088.34+37.93% 1087.16+36.03*
F, 1067.60+39.78" 1058.78+38.75" 1081.64+40.29* 1096.60+41.92* 1112.67+42.35"
F, 1113.49+52.56° 1128.59+51.45°¢ 1143.71+49.778 1152.94+58.98"5 1157.77+64.34¢

TE: 7] — S EUH B AR A [ B R A W B35 25 53 (P<0.01); AR RN R F MR

Note: Values in the same column with different superscripts denote extremely significant differences (P<0.01); the same superscript denotes no

significant difference.

x2 BB F~F, FEHEHREF AR TINEHE
Tab.2 Average egg diameter under different fishing strategies and ages of Oryzias melastigma during Fo—F, generations
n=20; X +£SD
B e 1H 3H 5H 7H 9 H
generation  fishing strategy Day 1 Day 3 Day 5 Day 7 Day 9

Fo JG no 1081.78+37.74 1080.08+43.82 1073.32+33.55 1088.34+37.93 1087.16+36.03
90%H-B 1084.64+43.22%  1076.67+46.29**  1094.40+58.63%® 1125.87+47.91% 1139.40+29.72°
90%H-R 1053.60+£39.39%  1037.40+34.56"®  1057.93+41.95" 1082.67+36.21°*¢  1086.83+37.18°
75%M-B 1066.60+42.32 1066.87£32.24™*  1080.83+34.66" 1104.80+36.43°*%  1131.83+48.21™

F 75%M-R 1071.62+38.37 1056.80+32.70° 1088.40+39.30°8 1102.40+38.74°*®  1100.67+36.33
50%L-B 1070.40+37.25 1057.40+40.62° 1081.86+32.25° 1089.93+35.71°®¢  1116.13+32.33°
50%L-R 1072.76+40.10 1059.20+41.71° 1088.87+31.50°8 1100.80+43.02°*®  1102.33+34.08"°
75%M-S 1054.07+31.45%  1057.13£33.27° 1079.20+28.7° 1069.73+33.22°C 1110.67+52.26°
90%H-B 1110.52+45.15 1138.35+54.34 1140.00+£41.94°BP  1178.09+62.49*B  1215.74+74.44*
90%H-R 1125.56+54.26 1157.70£65.96**  1153.93+44.98"" 1140.52+45.43°5¢  1186.07+56.52°AP
75%M-B 1127.80+68.27"  1126.60+50.31° 1178.93+60.13** 1180.87+72.26* 1147.93+56.38"5¢

F, 75%M-R 1114.10+42.48 1112.33+49.65°®  1116.93+42.68 1143.13£36.11° 1164.27+69.01°5¢
50%L-B 1116.30+45.58 1116.60+42.66°®  1142.13+34.19"BC  1152.87+50.60 1127.80+51.04°C
50%L-R 1100.87+52.86°  1122.23+50.18"®  1121.33+38.52°P 1157.60+58.42 1140.27+57.76*¢
75%M-S 1099.80+52.10°  1132.30+35.87° 1147.15+50.56°5¢ 1122.13+63.27°¢ 1138.67+47.73%C¢

TE: [l —8E EARA RN FRERRA B P25 57 (P<0.05), K5 FREFRRM R EFM2ERP<0.01), MARFRFREEEERER, T
FREFROR G HA T2 5

Note: Values in the same column with different lowercase superscripts denote significant differences (P<0.05); different capital superscripts
denote extremely significant differences (P<0.01); the same superscript denotes no significant difference; no superscript denote no difference.

RAEE 1A, Fo KHlifi N IHMAFE N 43.83%,
Fi LRI (E R 42.70%, 2R 19%; Fs bR
H 36.14%, MR 17%. WEALZRAEACER A] 2 B
A HE . 76 7 DNALFEZ F, 90% H-R BFILF M
Fo 44%[% 2 Fy 26%; HUK T FeME B R KR 75%
M-S, M 44% F 53] 33%; T IR /Nl
90%H-B 1 75% M-R., F;H, 90% H-B. 50% L-B

F150% L-R RT5T Fo; FoH, A SE 4l ¢4k
RENF Foo

RAIEE 1B AT, X T Fy fLE,, HAE S R
F Fo RAFEF LI AL; Fo AN B ey HA7FE R
M 98%; FyA7EiE RIME N 94%, Wl 6%, Hirf
RN 50% L-B(97%), f/MEHN 75% M-S
(91%); Fo 1, ¥{E R 88%, W2EH 17%, Hfe
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T RERE 75% M-S, 90% H-B FE55 Rk, N
77%o XL Fo F1 Fo BUH, 2800 B2 5 KR 90%
H-B ZbFRZH, WAL 2E0E 21%, HIK N 50% L-B #il
50% L-R(12%), “B4b3E FliH/ A 75% M-S(4%) .
NI F il £ T A T LR Y, Fy B 90% KA
B AT R E AR (77%), HWN Fay 19 50% KAk
T S0%BENLIH 15 (86%); Fy H 50% KAMAS 15
5 A1 R AR 5 (97%), HUON Fy il 50%BE L
iH5(96%). MIEFER 1~3K 2 IPRK/IXTEL, 90%
H-B SRR 3G B ek, A LA LAk S AE P AR
Z () A LA R PR A A s AT B A B AL D AR 1

‘B 43 Eb/% percentage

N, HEAL RAR R 2 (8] 3 sh Ve AN TR
60
55_AQ ~m-F, -o-F, ——F,
(] \
o0 50 \
g \
8 45t
[}
&40t
xX
[ 35t
R 30}
jm
25+
T I SR S VR SV
\o °®’q§ dy gw @y oo
S S A A N SR

5% fishing strategy

eI AR AT DL, BRIV S B ) 7 0 0t 14 R 2
HAETHBOR RS, MRAG BT T R
2.2 AEHHE R T gk ST £ KIFE

Fo KD T, HAFH HIE 4K 4 0.0935 mm/d,
SR KRN 22.63%, SREBEH KRN
2.55%, VIHOMFEUE, 5 H A2 9E 17 L (R
3); Fi 1, SFX HI SR E KN 75% M-S, /)
[k 75% M-B; 90% H-R 1 75% M-B /N T Fo; 4
P 24 K AR A K B K R KA P
75% M-S, f/NA 75% M-B (3% 3).

HRAEE 2, B E R Fo( B AR B5) 76 AH [F]
SRR, FofE 1~3 d B 3Ky 4.79%; F, 14
1(1)(5) :B ~a-Fy -6-F —e—F,

100 -
95
90
85
80 -
751
" & P F P F

R R AN N
e\gV g\gy B\s e\é\ g\e\) e\o\) oo
P P N ) N N e

TR fishing strategy

BT ORI R M 1K 7 B 051 36 (A) R 15 2(B)

Fig. 1 Hatchability (A) and survival rate (B) of Oryzias melastigma in different generations and fishing strategy

x3 AEHBRETEKSHTEERKEN9 A
Tab.3 Growth rates of larva under different fishing strategies of Oryzias melastigma (days 1-9)

fCFR generation  fifi$i KM fishing strategy

-4 H # 4 K ADG/(pm/d)

SR FE FLAG/Y% KB K% FLSG/(%/d)

Fo T no 9.39 22.63 2.55
90%H-B 9.87 24.07 2.70
90%H-R 8.06 19.34 2.21
75%M-B 7.48 17.56 2.02
F, 75%M-R 9.12 22.23 2.51
50%L-B 12.49 30.58 3.34
50%L-R 12.34 30.31 3.31
75%M-S 13.13 32.30 3.50
90%H-B 7.08 15.50 1.80
90%H-R 9.89 22.06 2.49
75%M-B 11.22 25.88 2.88
F, 75%M-R 12.59 30.55 3.33
50%L-B 10.93 26.70 2.96
50%L-R 9.93 22.85 2.57
75%M-S 12.77 31.05 3.38
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KRBME N 3.49%, e KIEHN 90%H-B Ab PR
(7.12%), Fx/NH 75%M-B AR 1.06%(E] 2A);
F, B K% 5.29%, 75% M-R AbFRZF 8 KR 5 Ky
6.71%, 90%H-B /N~ 3.54%(& 2B). Fo f£ 3~5d
WK ZER 2.93%; F #KFHMER 2.11%, Hip
75% M-B (3.41%)F1 90%H-R (3.20%)# 1t Fo, #x
/INK90% H-B ALFRZH A 0.37%; Fy FIJHGK RN
2.09%, 75% M-S Ab 21 38 K R 5 KRy 3.78%, 90%
H-R %/} 0.37%, 90% H-B H1 50% L-R 14K %/

F, 1-5 F, F, 3-7 F,
H ##$B5 FF/d age span

K2R /% growth rate

8
A 090%H-B 0 90%H-R
o 1T 0 75%M-B & 75%M-R
s 6l m50%L-B ™ 50%L-R
e a75%M-S
2 5r oo R--
8 4L
8 : :
3l g :
Kool BN M
o HNE H
1r E i i
0 W A L HEANE
1-3 3-5 5-7 7-9
H &% B /d age span
2re 090%H-B 0 90%H-R
075%M-B & 75%M-R
2 10 B 50%L-B B 50%L-R
& 0 75%M-S
%
(o]
Eb
RS
HF
K
SEm
£

WK 3R /% growth rate

F 1.00%. FofE 5~7 d B HN 1.16%; Fy HK R
BIE N 2.21%, HAEKIEN 75% M-S (3.70%)4t
B, /NN 75% M-B AL FRLH ) 0.84%, 90% 4k B
H/NTF Fo; Fa K RA 1.02%, A 75% M-B Al
90% H-B T Fo, HARIET Foo FofE 7~9 d I K
07 0.0136%; Fy KRN 1.91%, Hfk
{H 50% L-B AbFRLH, Ny 3.96%, BrATifoib B4
FAERK T Fo; Fao YK ARIGE Ny 1.23%, 50% L-R 4b
PREF B KR KN 2.96%, 90% H-B 2/)N A 0.006%.

8 —

B 090%H-B 0 90%H-R
A 075%M-B &= 75%M-R
6L o [ E50%L-B O 50%L-R

875%M-S
Sp_L
4 -
3 L
2 .
1 L
0
H #4#5 B/d age span

2ry 090%H-B 0 90%H-R

075%M-B @ 75%M-R

10 - _ m50%L-B ™ 50%L-R

R - @ 75%M-S

ST e -
oI 1 I :

LIH H
‘[I L
4t r :
‘ll u
Sl NE .
iy H
*ll L]
0 e u
F, 1-7 F F, 39 F
H # ¥ & /d age span

B2 K EE KR E K AR
A:3d-F|;B:3d-F5; C:5d;D:74d.

Fig. 2 Specific growth rate of full length of Oryzias melastigma

A: 3 day-generation 1; B: 3 day-generation 2; C: day 5; D: day 7.

Wi 5 d RS A E LA 20),
FofE 1~5 d, 3~7 d 1 5~9 d A3 K R ZE W FEAR,
M 7.72%f% 5 4.09%, )53 1.17%. F, #1 F, 1)
HRK AR EHERAEYE, FIfE 1~5 d, 3~7 d, 5~
9 d FSEIHE KRN 5.59%~4.32%~4.12%, Fo
10.32%~4.24%~1.42%, F, AR E K, 1~5 d,
F K SRYMET Fo, Fo P, 75%M-R. 50%L-B Al
75%M-S MK R & T Fo, HRBYMTF Fo H
90%H-B ffX. 3~7 d, 90%H-B F, 5K KK
T Fo, 1M Fo FALAH 75%M-B Fl 75%M-S & T Foo

5~9 d, F1 5 R & T Fo, Fy PR {E N 75%M-S
(6.54%), FARAE T 90%H-B(1.88%); F, Mg i {H
H 50%L-R(3.67%), HAKME N 75%M-S(1.42%).
WL 1~7 d A1 3~9 d BEHRRAT UL, 1~7 d 3R
T 3~9 d, 90%IriH5 4L 7E il i I3 ) 22 1
K (Kl 2D),

2% 4 G55 nI 0, Fy RAEINE5 % T, A rE
1~9 d B4 K de K22 (50 841 um, F, F1 F3 7E 1~9 d
KR H 985 pum A1 945 um, BEEIL
Brafn, [A) H A7 4 2 B i Kk 3
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4R 5, Fi AR, UL F A3, F
50%fIR5R BE A H7 4 B4R 5 Fy [m] H 8 R/ 22 80D,
XoF o e R R A 4 25 AR, Fs 2 AL
R EA P e KBS T F, JFETE 1~
3 d I 25 S IR Fy S 2 il B U 9 55— 1K
frfa, HAK2E R a U WA IR B 4. F,
5 Fr R AR BN, JEHE 90%q 47 41 2 1k
S N RS B S I 1 Y- R TR S A N

BRI ER K, F3 5 F #x thZ8, HH[
PR M AR H S T 5 B K 90% Al
75% KA VRN AL 7 241, HL38 T o 3 v {1
FE B 4L 75%/ MRS 54 .
2.3 AEHERE TEKSHL & E KB
AR TR B WS T, AR 7K B A 1 44
FwEAE, Wit SPSS 19.0 A KAAE LR,
SHOTE RS HFE 6, Fy, 10N [R5 B il B

*4 FEHRTENREREBKEHMFESKIER

Tab.4 Comparison of full length of larvae between different generations of Oryzias melastigma at the same age

n=20; X £SD
fXF% generation 1 H Day 1 3 H Day 3 5 H Day 5 7 H Day 7 9 H Day 9
F, 3720.00+220.34* 4153.33+143.20" 4355.56+144.31* 4443.33+147.82% 4561.76+160.25"
F, 3705.91+224.41* 4031.44+278.10° 4231.56+250.32° 4445.66+£238.98* 4690.23+320.51"
F; 3863.00+305.94° 4346.50+299.90¢ 4540.00+301.75°¢ 4675.00+293.78" 4808.50+225.01°

T R —F B _EARAS [ 7 B 3R A B B 35 25 53 (P<0.01); MR RERIR I B E 125 52

Note: Values in the same column with different superscripts denote significant differences (P<0.01); the same superscript denotes no significant

difference.

x5 F~FARBEGERBMBRTERE#HFELK

Tab. 5 Full length of larvae under different fishing strategies and ages of F;—F; generations of Oryzias melastigma

n=20; X =£SD
bR EHE LS 1 H 3H 5H 7H 9 H
generation  fishing strategy Day 1 Day 3 Day 5 Day 7 Day 9
F, 7 no 3720.004220.34  4153.33£143.20 4355.56+144.31 4443.33+147.82 4561.76+160.25
90%H-B 3690.63+229.11 4364.10£295.12**  4387.50+294.36™  4511.43+211.12 4578.79+196.46"
90%H-R 3751.72+232.41 3965.63£216.44™5¢  4269.23+276.79 4380.95+210.97°"  4477.42+214.02**
75%M-B 3832.00+£186.46"  3926.47+265.50°5C  4247.22+202.11 4330.00+266.72°®  4504.76+204.76™
F, 75%M-R 3692.59+197.92 3918.42+155.71°%¢  4100.00+220.91"®  4402.38+249.38™  4513.33£167.61*"
50%L-B 3660.00+£281.13 3976.67£209.57°¢  4165.00+159.4° 4535.29+238.53™  4842.00+368.17""
50%L-R 3675.00£209.45°  3903.57£123.17°*%  4168.97+230.07° 4380.00+245.91**  4798.77+343.69""
75%M-S 3665.52+181.81 4117.244264.67°"C  4205.00+£234.19"®  4552.08+175.03"  4776.54+306.30""
90%H-B 4086.67£318.11**  4433.33+220.24"5  4500.00+227.43 4723.33+244.50™  4720.00+215.60""
90%H-R 4035.00+£149.65*  4640.00+208.76"*  4680.00+241.92°  4765.00+215.88"  4925.00+129.27**
75%M-B 3903.33+283.43"  4386.67£293.30°%  4643.33+211.21° 4846.67+185.20"  4913.33+187.05™
F; 75%M-R 3710.00+£342.76™8  4330.00+317.48°B¢  4653.33+326.67 4710.00+£305.52 4843.33+207.92
50%L-B 3770.00£261.49*%  4296.67+339.86°C  4493.33+271.56 4710.00+264.38""  4826.67+206.67""
50%L-R 3683.33+213.48"  4113.33£217.72°%C  4443.33+374.79" 4513.33+320.27°®  4666.67+268.24
75%M-S 3910.00+£268.26°®  4323.33+248.70° B¢  4413.33+£318.11 4486.67+311.54 4803.33+214.13

15 =3B EARAFNE 7R R A B35 Pk 22 52 (P<0.05), K5 7R R 35 1k 22 5 (P<0.01), AHIF 78378 0 B 3 1k 22 5

ToF bR 5 AN TG 22

Note: Values in the same column with different lowercase susperscripts denote significant differences (P<0.05) with different capital susperscripts
denoting extremly different significant differences (P<0.01). Same superscripts denote no significant difference, and those no superscript

denote no difference.
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FEHF, HiEKSEE RS HERE/DN, b{EY
50 3.10, Fc KM M 3.21, J& 90%H-B AbFR4, #ix
/MEJE 2.97 R 50%L-B AR PR, #2=M 0.24; afd
B 1.67x107°, Hrfig KAE N 2.45%107°, e/l
K 1.13x107°, $2%H 1.32x107°, 7E Fy, 7EAA
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ALK, b (HME N 3.26, ARLTER N 3.11~3.44,
W2 0.33, Hd 90%H-R Ab B 20 %5 {8 &% K,
50%L-R AbHRLH /] a {EI{E R 0.937x107°, HAR
LR R 1.32x107°~0.612x107°, 25K 0.715%
107, FHKAHH 50%L-R ALFRZH, /M 90%H-R .
Fy 1, 7RISR EE R B 560 T, b M¥EA 2.95,
AEIEFY 3.15~2.80, #2220 0.35, HHr 75%M-R
AR BE R K, 75%M-B AbFRZH /)N, a {EH1E

6

o 2.32x107°, HARLREFER 1.29x10°~3.26x10°°,
2N 1.96x107°, e KIE N 75%M-R AbFRL, f%
JIMEN 75%M-R.,

HRAEHE HAE K B R BRI 1 KR (), 45
UK 7 FrR Fo i, GAEAE A AL B 7] 22 480/,
KK 50%L-B, f/NA 75%M-S; Fi, J/MH
90%H-B 2, [} 0.01428, fxfHl 50%L-B, M
Fi—Fs, BE B 5700 5006 DL K& BN, Fs 4
10 BRI KRR T Fy XFW A4, 50%L-B 7E
P 22 258N, IR K, HAYEIA
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2 Ry W 15 SR B I

8 HATRHB RS T fali KR, F, (ki
WK B E T 100%, FHE R 180.12%, i Fs {4

TR R T BkEHERSEESTE

Tab. 6 The model of length and weight under different fishing strategies of Oryzias melastigma

fXF% generation 90%H-B 90%H-R 75%M-B 75%M-R 50%L-B 50%L-R 75%M-S
a
F 1.13x10°° 1.20x10°° 1.27x10°7° 2.45x10°7° 2.31x10°7° 2.05x107° 1.29x107°
F, 1.18x10°7° 6.12x10° 6.31x10° 8.27x10° 1.29x10°7° 1.33x10°7° 6.95x10°
F; 2.60x10°7° 1.66x107° 3.26x10°7° 1.29x10°° 2.70x10°° 2.74x10°7° 1.98x10°°
b
F, 3.21 3.20 3.17 2.98 2.97 3.02 3.16
F, 3.17 3.44 3.39 3.28 3.12 3.11 3.36
Fs 2.90 3.07 2.80 3.15 2.89 2.88 3.00
xR7T AEHHRETEHL EHRIEKE
Tab.7 Instantaneous growth rates of juvenile Oryzias melastigma under different fishing strategies
fXPR generation 90%H-B 90%H-R 75%M-B 75%M-R 50%L-B 50%L-R 75%M-S
F, - - 0.05176 0.05140 0.05433 0.05323 0.04577
F; 0.01428 0.02788 0.02706 0.03662 0.05171 0.02772 0.03178
x8 AEHHRMTEWHEIEKE
Tab. 8 Growth rates of juvenile Oryzias melastigma under different fishing strategies
%
s e RERKR RRBKE s W RERCR RKKOR
generation fishing strategy WGR BLGR generation fishing strategy WGR BLGR
90%H-B — 32.42 90%H-B 34.47 10.40
90%H-R — 21.07 90%H-R 61.22 14.17
75%M-B 179.91 31.64 75%M-B 64.02 15.25
F, 75%M-R 179.53 27.46 F; 75%M-R 112.26 24.11
50%L-B 196.40 32.39 50%L-B 116.33 24.96
50%L-R 206.82 32.38 50%L-R 154.47 25.28
75%M-S 137.98 31.77 75%M-S 88.39 22.90
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Growth of Oryzias melastigma with different fishing strategies

SU Chengcheng*, SHAN Xiujuan' %, SHAO Changwei'*>

1. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences; National Field Observation and Re-
search Center for Changdao Marine Ecosystem; Shandong Provincial Key Laboratory of Fishery Resources and Eco-
Environment, Qingdao 266071, China;

2. Laboratory for Marine Fisheries Science and Food Production Processes, Pilot National Laboratory for Marine Sci-
ence and Technology (Qingdao), Qingdao 266071, China;

3. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China

Abstract: Different fishing strategies have different effects on adaptive changes in the morphological characteris-
tics of fish species. To evaluate the impact of different fishing strategies on the growth characteristics of fish, the
marine medaka (Oryzias melastigma) was used as the model organism. Seven fishing strategies were used: 90%
large individual fishing (high-intensity large individual fishing, H-B), 90% random fishing (high-intensity random
fishing, M-R), 75% large individual fishing (middle-intensity large individual fishing, H-B), 75% random fishing
(middle-intensity random fishing, M-R), 50% large individual fishing (low-intensity large individual fishing, L-B),
50% random fishing (low-intensity random fishing, L-R), and 75% small individual fishing (middle-intensity small
individual fishing, M-S). The growth characteristics of O. melastigma in the F,—F; generations were determined.
The egg diameter and larval length of O. melastigma were significantly different under the different fishing stra-
tegies in the same generation (P<0.01). Among different generations, the egg diameter increased in the high- in-
tensity fishing treatment group (90% fishing strategy condition) and decreased in the low intensity fishing trea-
tment group (50% fishing strategy condition). However, different generations had little effect on the hatchability
and survival rate of the next generation of eggs. The growth rate of the low-intensity fishing treatment group was
higher than that of the other treatment groups in the juvenile stage among different generations. During the inter-
generational larval development stage, the growth rate of the high-intensity fishing treatment group increased ra-
pidly. This growth rate was significantly higher in the early stage than in the late stage. However, the growth rate
of the high-intensity fishing treatment group was lower in the larval and juvenile stages. With the increase in ex-
ternal fishing pressure, the instantaneous growth rate of the high-intensity fishing treatment group was the lowest
among the same generation. The instantaneous growth rates of the low-intensity and large individual fishing stra-
tegy groups were stable among generations. Similar to the current fishing strategy, high intensity and large indivi-
dual fishing will lead to great differences in the biological characteristics of fish in three generations. Therefore,
for the sustainable utilization of fishery resources and to predict the development trend of fish evolution, it is im-
perative to study the changes in biological traits of fish caused by fish-induced evolution by simulating the dif-
ferent fishing strategies.

Key words: Oryzias melastigma; fishing strategy; growth; fishery resources
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Z I ¥ (Costaria costata) & —F B AR &8
FMES ST R 3E, & A L AR
TR IR, 78 H AR BA KA & b 8l
TV R B I AR ) B A R 4y, AR
N A5 28 BT S S IR 2B F AR AT
g N O o €63 B a1 s N R (3 R ST
ESLE vyl )T ESID | P AN | R v N 7 2
WK ST FIRABAT S | s AR . H AL
W AR, 2R ATRE ST AT
BEHRIEEN, TG T2 TRGE K AL s,
SR T IR A RN AT B R A, 2 BEAE
KA KB, B S 20 R A A N R,

YFm BHER: 2021-03-17; 1&iTHHE: 2021-04-10.

TEHS: 1005-8737—(2021)12—1588—14

HUGE B % B H AR R 25 28 25 22 4 kT R
A FEEL D

YyFh oAk (species distribution model, SDM)
TR ARG W PR R 00 A A7 R S A AE R o3 A
R, R AR 0 B SR AR AL B AR AR AR A
AT A g B e B 0 AE S A A B A 055 R 45
SDM HLEL )iz 18 F FAEW G ki A
R AN ¥ 7 Y A P UL/ e s AR 2 = 2
PR AR Y SRR X gk k" e B
RO AU ST . H ETR TR R SDM
A BIOCLIM ., CLIMEX ,DOMAIN,GAM , GARP
MaxEnt, ENFA 21 Elith U543t 226 N4

E£mMA: BFREAM RS ORCPH AR (EEREERM AT S &8y %) 5H (HEEREEREDEN TS
G ) (2018 YFD0901504); i [ /K =B} 2= F 5% B SEAEMI L 55 3¢ 1557 1 BA 351 H (2020TD27).

EE® N ZEZ1995-), B, LB, FF5E7 I hw SR IRSFH. E-mail: 898587535@qq.com

WS SR, PFoE0L, IR I 32 3R U 5 R . E-mail: wjwang@ysfri.ac.cn
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A G4 FT MaxEnt BB ArcGIS T 22 By i 74 v =15 B A 5l 2 49 A 43 AIE 1589

Ffl, AT GARP, BRT. MaxEnt %5 16 F5i Rl {1
TIRL SR, &I MaxEnt 2 HAMARY B 44, Tz
2 T 3 0T 2 AR 00 25 L6 ol 00338 2R A A 17 O,
UESE MaxEnt % Ft BIOCLIM .CLIMEX .DOMAIN
GARP 45 T I 25 5 W 4 o K % ) 5 VS0 5 e
MaxEnt 5 GARP TEA[FIFEA & 525 8] 4304 b (4 5t
RS R, 255 i 78 MaxEnt #00AS B2 4G T GARP,
Hernandez 25UV He 4 JL AR A0 X AS 7] 465 4 R AR
AT CR, B MaxEnt TN 45 SR TC8 %) K
FEAS T I S /NREAS RS TR S e R 1

MaxEnt (maximum entropy ) 4 2 Jt F i K
S, BRI ERAEARNELT, &~
R ATREY BLE &, 250504 o B KR AsE Al
DA R AAEFE 53 A 5 8 B G 15 B, K
SERCEA RO MR R A AR ST K, IR R
TE B bR DX 8k )3 2R R PO, JEF MaxEnt BEL Y
TOUIAS ot M B HRAE AR R, [ b2 35 R %A A
X R TT FRESE, Assis &2 H] MaxEnt 7&
N B 3 A= AR X 28 £ 388 (Fucus vesiculosus)I
id 5 A DL RS 3 A - 1T TRV Neiva
42176 5 MaxEnt FIZEki /&R DNA(MmtDNA)SE,
W55 1 18 B 1 3% (Pelvetia canaliculata) i 1= 1) b
AR5 B Pauly 252 VH] F MaxEnt #il T 22
P& (Trichosolen) ) F 75 2 BRI B v 1) 43 4, Ty-
berghein ZEPYH FHRINA B (Codium fragile)i 34
Hedfa A MaxEnt %%} Bio-ORACLE ¥ 7 54 45
HIBUH AT T PEAY; Verbruggen %527 53 MaxEnt
BRI FOM T B A5 il % 3 R (Halimeda) W) Fh #E 4 3K
LA Ai . E P SDM 78 V3 25 i g FH A
RITRIE A, PhTECOR A MaxEnt BRI T 4%
b4 (Laminaria hyperborea) 7t ¥ [ 1 35k 4915 A=
AN . ABFFEIE T MaxEnt X} Z2 [ v A
R I Vgl A 3 2 43 A A% DL AT T, TR AR
ARV, LU R 2 e . & R LRI
Bt S %

1 #MHERE

1.1 £B5ERNHME
Bt SR FH BG A 25 7 000 A R SRy e R i AR Y
MaxEnt 3.4, iz ArcGIS 10.2 X434 X

1.1.1 #HERIE

(1) T HEE 2o A E Bk E:
SERAEYZ R B4 GBIF (http://www.gbif.
org/) R SCHR kL, 06 B0 B 19 4045 5, IFaE
1 2 45 % GNDB (Geographic Names Database)
B 26 AR B . —3R1E 1200 5525 B 53 A
SO, K LB Y R - -, R
FER*.CSV A%k

(2 HRETEHIE RFETEIRBFELEDY
IR A PR I5% 5045 %2 Bio-ORICLE (http://bio-oracle.
org/)\PEET 2000—2014 4316 7 V-1 i< 45
o g il 2, HAS PR S aremin (298
9.2 km), F#MEI N .asc M, HEFEH i I T
R A I 42 BRI SE(E 1),

(3) HMEIEHE  VE 1 : 400 J7H EE YATEL
DX B Ry 4 A T, DA ] 2R 3 At B B R G2 )
¥} (http://nfgis.nsdi.gov.cn) F 2% .
112 HiEsIE

(1) DA\ ELIE 1200 MFAH
SR Excel MIBREE DG, KRS
LS ArcGIS b, dE 52 T H, XA f
SELA mO B AR AR R, IF AR A AR G,
AT AEAE R S km Y[R R X ek A7 AR A0 M, 25
HEL LA, BEULAE R Hod— A7, 0
AR R 151 2550 A i B0s T AR RUAA 4

(2 RETEMHXERESHIE K L
SR 151 554045 555 42 AN FREE 25 B 5 A MaxEnt
BT R, K 75%0 53 A s FUINZREE LI A R,
Pl 25% AL S TFIHRAE LTS B, L logistic
fe i a5 R, RS E o R HIAE, 8
it T1U19k (Jackknife) 6 B4 f AT i, 2 BR
11 TR 5Tk %k 0 R34 & o SR ArcGIS
W %5 3 T H (conversion tool ) T iy 31 R
e A5 it (A A UG L A A 5 O+ A1), A 25 8] 43
Hr I H(spatial analyst tool) #1722 L1, K
A5 B 2 [ R AR S, XA SE R4 XHE>0.8 Ay AR
i HOR B — A AR R R g DT B A DG AR i 2 (]
FIad BEALA o &1 XTI SEPEI>0.8 PRI AR |, AT
FEAF HE T Wb O 8 ek X TR 45 SR B R a) B
PLIEBC(FEHLER), b)HRHE X R 1 5T R B K/ (B
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F1 BEKIKRESH
Tab.1 Marinehydrological environmental factors
s s R 7 AR
FRL i B PR BH FL BH
environment rameter environment arameter environment arameter
variable pa variable p variable p
Bio 1 BROR B 98 Bio 15 FEOL IR Bio 29 RARBER
currents velocity. Lt. max light at bottom. max phosphate. min
Bio 2 T5e /N B4 3E  AE Bio 16 AR M i B Bio 30 SEHBERRERLAE LT
currents velocity. Lt. min light at bottom. mean phosphate. range
Bio 3 R R I U Bio 17 FAROL IR Bio 31 Ty T A
currents velocity. max light at bottom. min salinity. Lt. max
Bio 4 A U O 3 Bio 18 I8 I ik B2 728 A R Bio 32 RARA WAL
currents velocity. mean light at bottom. range salinity. Lt. min
Bio 5 I5e/INEE R Bio 19 e H B Bio 33 R
currents velocity. min nitrate. Lt. max salinity. max
Bio 6 A AL U B Y Bio 20 AR A R R ER Bio 34 R
currents velocity. range nitrate. Lt. min salinity. mean
Bio 7 R A B Bio 21 TR R Bio 35 RARERZ
dissolved oxygen. Lt. max nitrate. max salinity. min
Bio 8 RAGH KA iR A Bio 22 IR Bio 36 SRR AR ALY
dissolved oxygen. Lt. min nitrate. mean salinity. range
Bio 9 e G T AR 4 Bio 23 IRARABRER Bio 37 i e H B
dissolved oxygen. max nitrate. min temperature. Lt. max
Bio 10 AR AR Bio 24 RIS RRER AT Bio 38 BRARA Bl
dissolved oxygen. mean nitrate. range temperature. Lt. min
Bio 11 AR AR 4 Bio 25 e H B Bio 39 IR R
dissolved oxygen. min phosphate. Lt. max temperature. max
Bio 12 AR SR AL R Bio 26 AR H B wEmR £k Bio 40 AR R EE
dissolved oxygen. range phosphate. Lt. min temperature. mean
Bio 13 T JT 20 R Bio 27 F R R Bio 41 BRI
light at bottom. Lt. max phosphate. max temperature. min
Bio 14 AR A Bl s 2 Bio 28 IR Bio 42 AR R BE AR AL
light at bottom. Lt. min phosphate. mean temperature. range

: max—I K{H; mean—3{H; min—fR/IME; Lt. max—4F 5 RME M F-{E; Lt. min—4F 35 /ME 1 V318 ; range—4F e R AE 5 50 /IME 1) 45 3% 22

T

Note: max—maximum record; mean—the long-term average; min—minimum record; Lt. max—average of the maximum records per year;
Lt. min—average of the minimum records per year; range—the average of the absolute difference between the minimum and maximum records

per year.

KoTHkE) -
1.1.3 RESHEHML

(1) EMLSHEWEL HLdsnaiEs
(R P T 43 A 255 R B R BTk T 0 5 4 1% P 45 A
i A MaxEnt 57 5% & 8 4L IENM L S4B (0.5,
1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0), HAb&EN
ARGBONME . IIESNHRER 538 LU
Bk 8 AN [ IE Ak 2 H0z 1A AL 1~ 24 i
AUC fH, BUx# AUC {ERIEN LS5 T )5 4t
BEAIREHE

(2) (NE%E - XK L EMRHE  &HE 4 41

A S5 EREELH (50 1 50,70 1 30,75 : 25,80 : 20),
ENAESEOR E A 8 4R [R] R 5438 LBk
JE A pH, WA ELR] 1.1.3(1)0 1k, JfiksE
BEDLRD T E, HARSEC RGHONE, R EE
BT 10 K, RS AL -2t AUC ff, BEdiix
B AUC fHM I 28 MIRAE 4L & TSR
1.2 SHEBREREEEBREN

121 WMEREEE KL 112 800,
W AR B )5 A MaxEnt f28 ARHE 1.1.3
AL S F B IE WAL SE B DN ZREE: it
SR, KRR AR e 2R, ISR T WD A
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A G4 FT MaxEnt BB ArcGIS T 22 By i 74 v =15 B A 5l 2 49 A 43 AIE 1591

PR AR B BTRRAE, LA logistic 4% 2k HAER 43
A I
122 BBERXKS CHEAREH R *asc 1§
X HEZEF A AcrGIS, i id #% # T. H (conversion
too)FHAT to Raster 4>, W LG40 st #% Bt 4%
e Ait) o K40 58 W AR £ 12 5 v 4 )
ITBUIX I AT Z . A2 [ Hr TR R &
2RI RE (reclassify) X & i ad & )2 2E 1T B 2K (8] Wt
R iE A X, R REE A A A

MaxEnt 155U $50 0 22 1y 35 0 3 2 B 2 % 22 1Y
WA A, BMEAE 0~1 o F2 BRI A= ME R 1 K/ IV
Z W B R IE A A KRk 5 AN SES: maE A
X(=0.5). F13E 4 [X(0.3~0.5) A3 AE X (0.1~0.3)
EEE A 1X(0.05~0.1) . B3 A4 X (<0.05)P7, %
BB [] B 6T 07 T I 1 A AR RS 25 4%
1.3 #REREGH5EIE
1.31 ROC HZ&HI RMZiE TAER R
Z¥(receiver operating characteristic curve, ROC [if]
LR M A B T HEA TR BE A 5 . ROC 142 DM FH
PR AL bR, FLHPE R AL bR, 2l i B )
2k, s AR 2 W I A R AR AR T 2 L () BH
., ROC T I A AUC (area under
curve)fH, AUC MEUE SIS 0~1, —fiAh AUC
B4 0.5~0.7 BH 2 Wi BN B2 82 41%, 0.7~0.9 BH2 W
Wb 4E, KT 0.9 B2k (et
1.3.2 ELiEZIARF  2018—2020 4F, ETALEH
T VR R A T 22 YR S M B SR 22 T e ) AR B
A TR IR
133 ZhhEmFEERKIR

(1) SEEHFRE ASCIG AT M 2R AR
T (5~20 cm)k H IR 58 15 (AR 5 i
P AT R w4 B IR 2500 e TREZE 10 °C,
JEIRFEFE 60 pmol/(m®-s), JEJEIWI 121 : 12D, 3%
EH(NO3-N: 1 mg/L, PO; -P: 0.1 mg/L), £hJE 31,

(2) ELBAHE OB APEVIP LA EL 3 g
PSR ERE T 2 L #R R R, F GXZ
BREADCIRIG A i s 4 A ARk
Ko &6 C.10 C. 14 'C.18 CT.22 C; )t
55: 30 pmol/(m*'s). 60 pmol/(m*-s). 90 pmol/(m*-s)

120 pmol/(m*'s); EhE: 21, 26, 31, 36; #HFiih
[NO;-N, PO3 -P/(mg/L)]: (0, 0). (0.5, 0.05). (1,
0.1). (2,0.2)o i B PR 52 56 1) HoAh £ [F) 8 5%
Sk RredEst 10d, BERR 3 d e 1 IRIEFRIE, A
10 RFR e fif i, RRCird e s 3 P17

(3) HIFEALIE MY RGR=[In(W,/W,)/t]x100%
THE AR AR HUR, Horp Wy ) ih s A i fif
Tt (g), W, R SC I 45 o B S AR A B I 1 (), ¢ Ry S
AR 2L R al(d), SR SPSS 18.0 Fidi g it 4k 14
AT ESNT . ZEILE, P<0.05 BFREFAHS

3-8
2 ZER5491Hh

21 TMEERMEE

211 IMETEIRIE 42 HAMEEA @ T
Bk, kBRI BTHER ) KA Biol8 (FEFOL
e B A AL D, HR R Biol7 (FeflRG IR5R ),
Biol5 (B GRAGRED) . R . hEHA —E W
Wi, T 96 K S U L A R, 8 IR 3k T B R
R LLAS IR ER S K (R 2).

XF TR AR T 0 (IR BEAR i E AT AH SRR 56,
HRHE 46 WHE KT 0.8% I BRES A8 B 474040, 7 B
WAk 6 413k 3): EH 2RI AS fE 22 ] &2 I 3
MYIE R C, i AT 2658 (Biol3 ., Biol4),
I m G (Biols), )G (Biol6), {HLA fil5h,
in Bio35 FefRERE Al Bio36 1 ARk L Bl 2
B U 3 AH 2, Biol7 fe K6 3R A Biol8 4R k5H
AR R 2Z 18] (R AR DG T I AS (2 3, Biod2 4R 13
A R 5 Ath 35 3 725 8 (Bio37~Bio4 1) 2 [B] AH
KMEM 55 . T B (Bio37~Bio41) Fl % fi % (Bio7~
Biol0)Z [H] 2 i 3 1y i AHOC, AlIHh—4

ZEA AR e WA R ) SRR (GR 2)RIIR g
A Z Al AR DGR (GR 3), fiitih 8 DEREEAL &4y
4 Biol 7 SRk | Biol8 AE ¥ Esm A (LI il |
Bio28 AE XA £h . Bio30 AE R £ A8 fh 1 il |
Bio32 A H 4R E | Bio36 4EXEh AR LIl
Bio38 ¢/ H YJUREE A Biod2 4FI41R B AR 1k 3
(F 4)o 53 WA H8 AH DG 1 Bl AL B — A PR B A
A WFE 4,
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% 28 &

212 EMNESHEHAOZXEIEFMNZGE @ WK
S)LLEMIFE  ENESE B 1Y 5-HT38 SR
PLECR FAS TR 254 5 R 4K U AE 2 1719 AUC
HA7E 0.99 LA |, Hid Ll =1 BHF1 70 = 30 11145
£ MXEIZTTH9 AUC (R AE, FI RS KPR
BRI Z b, P m IR TUN A8 7, o AR 7R B o7
WERS), EE RS
22 SHBREREBENEES BTN

K FHBEHLIE BE UM OC M = R B AR 1, 384T
B RIAS ) 43 A DX 3k B4 A ) i 22, i L 3 0
oA ya L, B B LA B, H AR
A DCIE R =AM 1), 52088 928 0 A A
5o 45478 B B AR SR AR R G 5T R B, O ok
A R, R T i LA A (A 2), dRE
. 22 s e 3R A0 5E A X B A T B e 1
T IR, o KR A R i G RIS A X, T ARV

A — 5 1 T A DX (8] 2) o 78 B T 1 S A
A A AR I I AR 11.32%, Hi, i
G A X 2.99%, (RS AE X 5.09%, HiGAs X
hi 1.33%, s X 1.91%(3 6).

2.3 AEBREBMITMH SIS

231 MaxEnt HEFMEERKIE R ROC
I X T ) A5 T8 0000 22 35 1) 43 A X 5 SR E A T kG
FERT S, B (R K TTIRI) UIZREE M) AUC R
0.995, MIXAER AUC {4 0.993 (K 3). Fallifh
VLR TRENUE L) AUC {8 0.5, FHIZME R
DU E i FE RE LA A Gy, B AT A4) 2 fr A5 250 5 00 22 i
BT AT IX 2 R E R

232 ZhEEREBAMFAERZEBR 2
AR K AN L ZR 56 B A7 o 3R AR e 250, T
B, A K BUAE B R I I 5 K DL OR
T IR e MR B B AR AR K 2 B

K2 HETENERNFME
Tab. 2 Percent contribution of environmental variables

%

PR D HEF 2
environmental variable percent contribution permutation importance
Bio 18 24.5 5.3
Bio 17 19.2 1.4
Bio 15 9.1 1.1
Bio 38 8.6 2.7
Biol0 6.7 0.7
Bio 36 4.5 9.1
Bio 13 3.5 0.1
Bio 28 2.8 8.5
Bio 30 2.6 0.2
Bio 40 2.4 41.5
Bio 32 22 5.7
Bio 20 2.0 6.2
Bio 9 1.9 0.0
Bio 31 1.8 0.0
Bio 11 1.7 0.0
Bio 7 1.4 0.0
Bio 16 1.3 0.2
Bio 8 1.1 0.0
Bio 25 0.5 0.0
Bio 23 0.3 1.2
Bio 1 0.3 0.3

Mg TTHLR HE 2
environmental variable percent contribution permutation importance
Bio 41 0.2 0.0
Bio 37 0.2 6.3
Bio 26 0.2 0.1
Bio 14 0.2 2.4
Bio 35 0.1 0.3
Bio 42 0.1 0.5
Bio 29 0.1 0.1
Bio 33 0.1 0.2
Bio 39 0.1 0.1
Bio 34 0.1 0.0
Bio 3 0.0 0.3
Bio 19 0.0 0.7
Bio 22 0.0 1.5
Bio 21 0.0 1.7
Bio 12 0.0 0.9
Bio 4 0.0 0.0
Bio 6 0.0 0.5
Bio 27 0.0 0.0
Bio 5 0.0 0.0
Bio 24 0.0 0.0
Bio 2 0.0 0.0

TE: AR ARRILE 1.

Note: The full name of the environmental variables is shown in Tab. 1.
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BT MaxEnt #ERUFT ArcGIS TN 22 11y B 75 v [ 1 ) A= 0 A 45 A1E

R R

512 )

"1 "qRJ UI UMOTS ST SO[qRLIEA [BJUSTUUOIIAUD OY) JO OWERY [N 9Y ], 910N

TENUSHEREY R
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x4 SHRETEAS
Tab.4 Three combinations of environmental variable
fifi 16 77 % selection method I IEAF 5 environmental variable
e K BTHk % maximum contribution method Biol7 Biol8 Bio28 Bio30 Bio36 Bio38 Bio42
Rfi#L7% 1 random method 1 Biol5 Biol6 Bio23 Bio30 Bio36 Bio41 Bio42
Rifi#L7% 2 random method 2 Biol7 Biol8 Bio23 Bio30 Bio36 Bio38 Bio42

e B R AL 1.
Note: The full name of the environmental variables is shown in Tab. 1.

x5 AEENESHE pFNGESNIKELER AUC E

Tab.5 AUC valuesrun at different ratios of the regularization parameters and training setsto testing sets

}11:5, n2:10; x £SE

FREAI 2% model parameter

ZH{H parameter value

1%k AUC training AUC

i AUC testing AUC

0.5 0.9942+0.00045 0.9938+0.00110
1.0 0.9942+0.00045 0.9940+0.00071
1.5 0.9942+0.00045 0.9938+0.00110
TE 45 2.0 0.9940+0.00000 0.9936+0.00152
regularization parameter 2.5 0.9940+0.00000 0.9936+0.00152
3.0 0.9934+0.00134 0.9924+0.00358
3.5 0.9940+0.00000 0.9936+0.00152
4.0 0.9940+0.00000 0.9932+0.00192
50:50 0.9959+0.00032 0.9939+0.00129
WIGRER/% - WA/ % 70 : 30 0.9950::0.00000 0.9943+0.00067
training : testing 75:25 0.9949+0.00032 0.9940+0.00149
80:20 0.9941+0.00032 0.9935+0.00097
42°N |
: NI LF
42°N - T Liaoning Province
Wj t . Liaoning Province 41° R 4
| Hebei Province WL -~
= 400 1 Hebei Province !
40° | E
Kk
. . 390 L
38° L 38°
= 37° -
Shandong Province ITER
36°F Yellow Sea 36° | Shandong Province 5
L Yellow Sea
WX 35°F KRS
o division of adaptable areas division of adaptable areas
34\ W AEEE K W B
unbefitting areas 34° ‘ZE:ji-Jt-: unbefitting areas
Jiangsu O BBEEX . . O AZEEX
= ; marginal biogenic areas Jiangsu Province ‘marginal biogenic areas
Province OREER O RiBER
y low adaptable areas 33° - low adaptable areas
2T = < “ q:iiifa% bl = " q:iliﬁdlélzda bl
2 ] middle adaptable areas i 1 middle adaptable areas
Anhui Province snagypas 190 :Anhul Province mREAK
L high adaptable areas high adaptable areas
I I I I N I I I :\
116° 118° 120° 122° 124°E 117° 119° 121° 123°E
Bl 1 BEALE TN 2 Rl A 43 A0 XY L ds
a. BEPLEE 1; b BELEE 2.
Fig. 1 Comparison of the geographic distribution areas of Costaria costata with random methods in Bohai and Yellow Seas

a. random method 1; b. random method 2.



512 75 [ 4 3T MaxEnt B A1 ArcGIS Tl 2 1l 9 7 v [ G0 1 365 26 43 1 45 4 1595
NE i 1RE3R 43.7%, FARA BIRIE 25.5%  4F1) 6 3R
ol Liaoning Province AL 10.6% . AR HBERR EL 2 L5l 8.3% .
SB[ SEH IR EARTE R 7.7% . EXIBEREE 2.1%. &%
40° Hebei ﬁﬂﬁ“ﬁl%&iﬁmfﬁw&@owuﬁﬂ

Province

39°

38°

37°

Yellow Sea
&R R4

division of adaptable areas
m EEAEX

unbeditting areas
O HBEEX
marginal biogenic areas
O REAX
low adaptable areas
HHEEX
middle adaptable areas

W EEAEX
high adaptable areas

36° | Shandong Province

350

340

FRE RO

culture and natural distribution
A FERINEIX the culture areas
o HASAIFX

natural dispersal areas

33°

117°  118°  119° 120° 121° 122° 123°E
&2 Z R b BRI AR X R o SR
5 HR I AE O
Fig. 2 Division of adaptable area, cultivation and natural
distribution of Costaria costata in China

*x6 SHMEEEWBEERSAHRATMETRN
Tab. 6 Geographic distribution areas of Costaria
costata in Bohai and Yellow Seas based on the
maximum contribution method

R V5 S L G ELY
distgrflg) L%tri?:lh;eas probability range frequency percentage

EAEX 0-0.05 6457 88.67
unbefitting areas
P 2EE X 0.05-0.1 218 2.99
marginal biogenic areas
{35 A4 X 0.1-0.3 371 5.09
low adaptable areas
i A X 0.3-0.5 97 1.33
middle adaptable areas
Bl A X 0.5-1 139 1.91
high adaptable areas
£ total 7282

PRFEE RS MaxEnt AR RN ()35 A= 53 A7 1 S8R
FF(E 2), WEB T iz 7R 0 25 SR 1 ] S

233 METEWHMYENSIZWIIE KA
kTR T AR A A5 R AR A BT CRAR IR B

A 7% e B — PR A e X A A e [0 A5, 22 )
T A MR e 1 2 S BUE 53 0 s DG RER EE ARk
JEFE N 52 pmol/(m’s), FALBRHIE K 4 pmol/
(m*-s), BRFREEALIERE N 1.7 mg/L, 4EHREmE:
0.3 mg/L Nicfd, HEAZEMEE 27 C, &MEH
BRREAMET 7 °C, SRR 12, mfEH

HEAET 21,
1.0
09r
08
B 071
2 06F
5 oSk
B 04r " I k%
® o3l training data (AUC=0.995)
® ozl A
. test data (AUC=0.993)
0.1 = FEHLT
ol . . randolm preldlctlon (AUCH 0 500)

0 0.1 02 03 04 05 06 07 08 09 10
R specificity

'3 MaxEnt S5 ROC HiZk
Fig.3 ROC curve of MaxEnt model

x7 METERWMAOSNR
Tab. 7 Analysisof contributions of environmental variables
%

IS RS DR A HEF
environmental percent permutation
variable contribution importance
Bio 17 43.7 3.9
Bio 38 25.5 90.7
Bio 18 10.6 0
Bio 30 8.3 0.3
Bio 36 7.7 1.8
Bio 28 2.1 1.5
Bio 32 1.2 1.3
Bio 42 0.9 0.5

A AR ILER 1
Note: The full name of the environmental variables is shown in Tab. 1.

BN AR TR, BIG d ZIEE

JEE 22 CHFAY RGR 2 MG, W8T H AR
JEZ(P<0.05); 18 ‘CSZE4 ) RGR iz K, 510 C
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428 &

AL ERES, HEEHT6 C.14 C.22 C
21 (P<0.05), FI5 10 KX, ZMEAERE 10 CH
RGREK, H56 C. 18 CIBEMEZER ., iR
30~120 pumol/(m*-s)H& T4 #l Tk K, fiE
JEHE A 60 pmol/(m®-s). TEERIE N 36 LB
RGR f Kk, (H 53 26 131 4 A1¥A W& M2
S, ANAEEREE R 21 BRI RN A K R
(P<0.05), TEASINASARER 1 me/L, BERRER 0.1 mg/L
MR AR K RGR, H &5 T X M4
(P<0.05), (H 5 &SR EE 0.5 mg/L, BEfR#:
0.05 mg/L)FI(fEFRER 2 mg/L, BifRELR 0.2 mg/L)4H
A 22 5%

3 it

31 YMSmEBENTEBEEX

MaxEnt #8058 5 1% 15 50 b 09 T A 7 B #D
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Potential geographic distribution of Costaria costata in China based on
the MaxEnt Model and ArcGIS
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Abstract: Based on the economic and ecological value of macroalgae, the recruitment of new cultivated species
with potential is necessary for the healthy development of the seaweed cultivation industry. Costaria costata is a
brown alga with high nutritional and economic value. This natural seaweed resource is not found in China. In this
study, the MaxEnt model and ArcGIS were used to predict the suitability and potential invasion risk of C. costata
in China and explore the influence of different factors on the growth of sporophyte, to support the cultivation of C.
costata. The prediction model of C. costata distribution was constructed based on correlation analysis between
environmental factors, a selection of the global natural distribution points of C. costata, screening of the regulation
parameter, and the ratio of the training set to test set on the prediction performance of the model. Results showed
that the model performed the best when the regularization parameter was 1 and the ratio of training set to testing
set was 70 : 30. The prediction model for C. costata distribution was constructed by eight environmental factors
based on the correlation of environmental factors and model contribution rate. Among them, the temperature and
light intensity had the most significant influence on the natural distribution. When the light intensity was not less
than 4 pmol/(m*'s), the annual variation was 52 pmol/(m?-s), the monthly mean temperature was not less than 7 C,
and the annual variation was 27 °‘C, indicating the high suitable distribution probability of C. costata. The model
showed that the suitable areas of C. costata in China were primarily distributed in the Yellow Sea and Bohai Sea,
accounting for 11.32% of the total sea area; among which the marginal biogenic areas of C. costata in Yellow and
Bohai Sea are primarily distributed in the coastal areas of Liaodong Bay, the northern coastal arcas of Bohai Bay,
and the coastal areas from Qingdao to Lianyungang, accounting for 2.99% of the total sea area. The low adaptable
areas are primarily distributed in the coastal area of Liaodong Bay, the coastal area of Dalian, and the coastal area
of Shandong Peninsula, accounting for 5.09% of the total sea area. The middle adaptable areas are primarily dis-
tributed in the southwest coastal area of Liaodong Bay, accounting for 1.33% of the total sea area. The high suit-
ability areas are primarily distributed in the northern and southern coastal area of Liaodong Bay, accounting for
1.91% of the total sea area. The single-factor growth experiment results showed that, when the temperature was
10 °C, the light intensity was 60 pmol/(m*'s), the salinity was 36, the nitrate was 1 mg/L, and the phosphate was
0.1 mg/L, indicating the highly relative growth rate of C. costata sporophyte. Combined with the field investiga-
tion, C. costata was found on the floating shelf in Changdao Island in Yantai and Longwangtong Bay in Dalian,
consistent with the predicted results. This study showed that the coastal areas of Liaodong Bay, Dalian, and
Shandong Peninsula are suitable areas for the introduction and cultivation of C. costata. However, attention should
be paid to the risk of high invasion in the northern and southern coastal areas of Liaodong Bay. If artificial culti-
vation is performed, ecological safety assessment should be strengthened.

Key words: Costaria costata; MaxEnt; ArcGIS; ecological risk; suitable distribution
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Fig. 1 Sampling sites for periphytic algae in
the lower Yalong River
The Yalong River, 10 sites (Y1-Y10); the Anning River, 14
sites (A1-A14); the tributaries of the Anning River, 7

sites (Z1-Z7). The upper Anning River, A1-A4; the middle
Anning River, A5-A10; the lower Anning River, A11-A14.
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Tab.1 Environmental parameters of the lower Yalong River and itstributaries

240 HEFIL T BT R BT S
parameter mainstream of Yalong River mainstream of Anning River tributaries of Anning River
164K /m altitude 1287.38 (990.9-1615.3) 1473.40 (1044.9-2168.7) 1706.26 (1041.3-2311.0)

306.08 (104.20-845.83)
37.04 (16.37-55.00)
63.47 (9.9-190.0)

0.74 (0.33-1.87)

19.49 (16.53-24.86)

¥ %/(mg/L) dissolved oxygen 8.73 (7.45-10.54)

pH 8.42 (8.14-8.70)

F 5 #%/(uS/cm) conductivity 185.63 (134.93-203.67)
MU /(FNU) turbidity 48.57 (2.71-191.32)

1 & /m channel width

JK R /m water depth

1% WA ¥ /cm transparency
i/ (m/s) current velocity

JKiE/°C water temperature

95.65 (10.63-236.03)
0.79 (0.33-1.11)

21.28 (3.33-69.83)
1.07 (0.55-1.77)

18.69 (13.11-22.44)
7.76 (6.48-8.30)

8.11 (7.68-8.46)
121.47 (0.63-192.53)
289.86 (10.01-986.41)

32.75 (3.23-91.43)
0.58 (0.31-0.86)
>24.61 (3.93-63.77)
1.30 (0.97-1.70)
16.93 (12.68-24.11)
7.73 (7.32-8.09)
8.27 (7.83-8.50)
93.32 (7.95-144.77)
186.66 (3.36-554.80)

T RPEAESPIIME, 155 8 e Bl {E.

Note: Values are in average and those in parentheses are their ranges.

x2 RTATRHMESH
Tab. 2 Environmental parametersin the mainstream of the Anning River

SHL parameter i upstream

sl midstream % downstream

W4 /m altitude

7 5&/m channel width
JK R /m water depth

7% B & /cm transparency

1855.58 (1675.6-2168.7)
26.48 (10.63-44.13)
0.51 (0.33-0.70)

54.08 (32.5-69.83)

1.14 (0.73-1.3)
14.50 (13.11-15.13)
%48 /(mg/L) dissolved oxygen 8.13 (7.95-8.30)

pH 7.91 (7.68-8.19)

L 5% /(uS/em) conductivity 43.58 (0.63-75.00)
1% /(FNU) turbidity 138.47 (10.01-438.59)

L /(m/s) current velocity (m/s)

7KiR/°C water temperature

1461.95 (1261.3-1619.1)
110.41 (60.3-179.5)
0.88 (0.66-1.09)

7.82 (3.33-17.00)

1.02 (0.55-1.77)

19.29 (16.06-20.78)
7.68 (6.48-8.23)

8.22 (8.12-8.46)

139.42 (86.05-178.13)
402.61 (87.27-986.41)

1108.4 (1044.9-1178.0)
142.7 (72.77-236.03)
0.94 (67.07-111.43)
8.66 (6.47-12.97)

1.07 (0.6-1.4)

21.98 (21.44-22.44)
7.52 (7.43-7.56)

8.15 (8.06-8.27)

172.44 (150.97-192.53)
272.12 (252.74-294.88)

T8 RPBESFIIME, 155 H 8l e I {E.

Note: Values are in average and those in parentheses are their ranges.
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Tab. 3 Species number and dominant periphytic algae and their dominance in the lower Yalong River

VLT
mainstream of
Yalong River

2 species

CERURRT
mainstream of
Anning River

R % i Anning River
tributaries of i b T

Anning River .
& upstream midstream downstream

%L species in number 57

/N BRBE Aphanocapsa elachista -

S 4N B 22 3 Leptolyngbya gelatinosa 0.07
KT Synedra sp. 0.05
FHE B Navicula sp. 0.05
a5 Cymbella sp. 0.02
S Gomphonema sp. 0.16
Jiit B OB 34 Cocconeis placentula —

th5¢#%E Achnanthes sp. 0.24
KINFERE Oocystis naegelii 0.03

52 49 23 27 38
0.06 - - - 0.22
- 0.15 - - -
- 0.04 0.03 - -
- - 0.03 - -
- 0.06 0.18 - -
- 0.02 0.06 0.09 -
0.10 0.49 0.64 0.87 -

e FRR AR K
Note: “~” means undetectable.
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Fig. 2 Density of periphytic algae from the lower Yalong River
DA: downstream of the Anning River; MA: the mainstream
of the Anning River; MA": midstream of the Anning River;
MY: the mainstream of the Yalong River; TA: the tributaries
of the Anning River; UA: upstream of the Anning River.
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I TA (=)
15+
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o
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F:SD
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P 3 HEAVL R e i s A ek E’J%ﬁ‘é#f
MY: HEZVL T, MA: 2T T TA: 2T W 3
DA: %7 Fiif; MA": T HiiiE; UA: %7 L.
Fig. 3 Species diversity of periphytic algae in
the lower Yalong River basin
MY: the mainstream of the Yalong River; MA: the mainstream
of the Anning River; TA: the tributaries of the Anning River;
DA: downstream of the Anning River; MA': midstream of the
Anning River; UA: upstream of the Anning River.
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P25
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TUARII T A R 7R, R VLT Ui i el A
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. WA 25 % (Cymbella ventricosa). TLIENFE
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Tab. 4 RDA resultsrelating densities of periphytic algae
to environmental factorsin the lower Yalong River

RUE R AT I T~ SRR Rl AR 5C R 8

forward selection correlation with

¥ variable

of variable canonical axes
F P Axis 1 Axis 2
K 3.09 0.004 0.5964 -0.3627
water temperature
M turbidity 2.30 0.014 -0.3386 -0.2381
A

2.02 0.025 0.3962 0.3101
pebbles and gravel

RDA 257K, 22T 25 H 2% 8 5
2 HH 256 (P<0.05), E?Jiﬂ‘ﬁaé'ﬁisc[%, {HIfA
¥ (P=0.059, % 5, & 4b). &—HEH —HFH
T S Wi Rl A B AT 69.7%. T AR S
B—HEP R R OG, S T HE PR O
FHOG, MK 55 ZH P2 O G, 48 RER 7 3
KB SR G, . liocs . RIE
DIV 35 R S A0 9 5 Tk 8 % T 5 M R IR M O,
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a: MEEBVLARI RS b:
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TEH Y 2235, PSE: RN A IR, LEPL: BERRANY 2235, LEP2: IFIFANMY 223, LEP3: N4 22 %35 8 K € Fh, CAL:
ZILJEBE, CYC: /NAPEE A CEFP; DIA: & E55 @ P RS Rl FRA: BERGEATEE; SYN: £FFFEEE AR EFh; NAV: FHE 8RR

B, CYML: IEZMFEHE; CYM2: KIS 3,

CYM3: 1 fih#

LS

CYM4: EENZHE; CYMS: Hids s R EM; GOM:

SRR AR E R COC: i [ BPIE 3 ACH: il 52 38 R %E Bl OOC: R UNHEHE; SCE: XUl .
Fig. 4 RDA diagram of periphytic algae community and environmental factors
a: different river grades of the Yalong River; b: different sections of the Anning River; APH: Aphanocapsa elachista; OSC1:
Oscillatoria terebriformis; OSC2: Oscillatoria sp.; LYN: Lyngbya subconfervoides; PSE: Pseudanabaena catenate; LEP1:
Leptolyngbya gelatinosa; LEP2: Leptolyngbya planktonica; LEP3: Leptolyngbya sp.; CAL: Calothrix polymorpha; CYC:
Cyclotella sp.; DIA: Diatoma hiemale var. mesodon; FRA: Fragilaria capucina; SYN: Synedra sp.; NAV: Navicula sp.; CYM1:
Cymbella affinis; CYM2: Cymbella tumida; CYM3: Cymbella ventricosa; CYM4: Cymbella delicatula; CYMS: Cymbella sp.;
GOM, Gomphonema sp.; COC: Cocconeis placentula; ACH: Achnanthes sp.; OOC: Oocystis naegelii; SCE: Scenedesmus bijuga.
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Tab.5 RDA resultsrelating densities of periphytic
algae to environmental factorsin Anning River

RTLERT AR A T S e il O A5G 2R 2

forward selection correlation with

¥ variable

of variable canonical axes

F P Axis 1 Axis 2

W current velocity 2.44 0.014 -0.7090  0.4092
3K altitude 1.98 0.059 -0.5240 -0.5743
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FA, U BRI R A A T 3R Y R
ARG, RICF AT AK AL % K817 )5, K
BEAE AL T BN LTI IR T B A e 28 rh R
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Diversity and spatial distribution of periphytic algae in the lower
reaches of the Yalong River and its main tributary, the Anning River

MA Baoshan, WEI Kaijin, XU Jin, LU Jianchao, XU Bin, ZHU Xiangyun

Yangtze River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Wuhan 430223, China

Abstract: The Yalong River is the biggest tributary of the Jinsha River. Periphytic algae are an important compo-
nent of the aquatic ecosystem, playing an important role in the energy flow and matter cycling of river food chains.
To understand the community structure of periphytic algae and its relation to the environmental conditions, sur-
veys were conducted in the lower Yalong River and its tributaries between June and August 2018 (102°6'6"E,
28°46"21"N - 101°49'22"E, 26°38'38"N). A total of 95 species of periphytic algae belonging to 49 genera of five
phyla were identified, among which Bacillariophyta (57 species) were the dominant taxa, followed by Chlorophyta
(20 species) and Cyanophyta (14 species). The species richness was highest in the Yalong River, followed by the
Anning River, and lowest in the Anning River tributaries. The dominant species in the lower Yalong River were
Achnanthes sp., Gomphonema sp., Leptolyngbya gelatinosa, Synedra sp., Navicula sp., Oocystis naegelii, and
Cymbella sp.; the dominant species in the Anning River were Achnanthes sp. and Aphanocapsa elachista; and the
dominant species in the tributaries of the Anning River were Achnanthes sp., L. gelatinosa, Gomphonema sp.,
Navicula sp., and Cocconeis placentula. The algal density in the Yalong River was significantly lower than that in
the Anning River and its tributaries. The algal density in the Anning River was higher than that in the tributaries.
Upstream to downstream, the species richness in the Anning River increased under a longitudinal gradient, the
proportion of Bacillariophyta in the Anning River decreased gradually, while the proportion of Chlorophyta and
Cyanophyta increased gradually. Redundancy analysis indicated that the periphytic algae structure in the lower
Yalong River was relative to the ecological factors, such as water temperature, turbidity, and substrate type. Current
velocity and altitude were the main environmental factors affecting the distribution of periphytic algae in the An-
ning River under a longitudinal gradient. This study provides a scientific basis for the research on and conserva-
tion of biodiversity in high-altitude areas.

Key words: lower reaches of Yalong River; Anning River; periphytic algae; longitudinal gradient; environmental
factors
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BI1~B12) it 7y BB UL 3R 50%~75%, o, BRANOhSEAS R & T ORS8O 5 fe S M R IR T
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FHE a7 R\, ola ZBAHGE T 20

K BH: 2021-05-10; f&I1THHA: 2021-05-24.

XEHS: 1005-8737—(2021)12—1612—09

AR U AR, R E H AT &
TR T8 T, ) JC A HE S ) i 3 U L
TEFTABEFE S B b, VR M BNl 3 PCR Kl 7E &
Joa L I N Ry B SE rb R I 3 AR S A BE PR R
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E£TH: WBERMAR R ERIAL = HAREK R H (CARS-45); HFK H AR EIL 4 H (32073019).
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BE IR K L AT 5 0o P S5 1 56 i b Bl £ % 5 b 9
T S0 AR A v 7 A 00 A P, S SRR e Bt L
Phik 22 A 12 BHNRAE FHREIRE 150~
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1~1.5 kg)fERNAR, NTHFHEE, FFRATZ
FEFIHAL

FeMEfaHEBN 5, B TIRE, HFEHFIEMA
TRHE i, K U BY 2= — MR 2 b R4 Il
R3] 50 mL .08 TP IR AE R i J5 22 PCR il Fil
Ji 57 BRSO W BT A AR AR H kK
PR PR 5T, D020 o B 52K R 34 ST
A b, HEAZNERIEH KSR 1 80 H M4
e AL R B B KRR RIS % >6 mg/L . KR
(23+1) C. BEREIEANSZHE I 70 5] T B i )
Ao HUS BARBREA S I L O G . DS A
L R S Ee R Al
12 ZREPBERAFER

ZAGINBEAL SR, B 6 h SREW 2K
IO F i g PR LR F kR . frfrfaigibs,
BRER 1A, 8K 4R 1 JEERRFEF A (H
ARSI E AL SR O FORL, BER 3 IR
AR IR GE AR 2 WA T, FRAE AR P T A
THERALHE
1.3 #HFmRER PCR &l

O RRAE S B REREAS () PR g . BR AR, RAk
J53d.15d & 30d PG, HE g fartmy
KAE 2 4y, ArE T80 CykAA P RAE T PCR
il DA S 4% 22 5 I 1 Y rh R AR L T AL 4]
F RN SR Z A
1.3.1 # & DNA REU UL dL DNA $2HG
A 5 T G 0 g R X R O R AR S 0 =
—80 CHRURIRAE . 1 UL Wyt b M A T R S
it B8 Ezup #2033 N 41 DNA R iRF &k T)
VLI 50 BRI BUR K DNA, 351519 DNA f#7E T
20 ‘CUkAH, B4 PCR BHMEXTIR A

REARHZT DNA $RHG KR Ar AL 2R iR,

BIHL 20~50 mg, A 1.5 mL K& EP &, i/
HL B BF B8 510, IR Ezup AN zh 43k 4
DNA Jli 42 2050 & 156 B 5 25 B 2 B 4] 2 3L R 4
DNA, R#fFF-20 C#&H.

P K 4o DNA #2559 KAk )5 3 d 4l fa,
By R AT 213, S 15d. 30 d 44 HL 15
e T ECOhEE . BREL . g BAL, S
BWALURE R 1 ADNFEMIEFTAI2K . # Ezup
HX R4 DNA Sl 50 & i i 4520 B 42
B 2L R 4] DNA, 1R#175F-20 C#HH.
132 BEXEKX PCR #®A HEKHNA PCR
(singal-tube semi-nested PCR)K: iM% {ij 1 57
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BET A 2/ 4 o e s BH PR R A B, FH A
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®1 BEFHEK PCRIWigt
Tab.1 Singletube semi-nested PCR primer design
5% primer £ FK code F%1 sequence (5'-3") T./C
3% forward Myh 1176F GTTGGTCCCCCTGGGAAACC 61.91
T reverse  Myh 1618R TCCATGAGGCAGCGTAAAGG 57.75
FUiF reverse  Mh-in-r AGCGAGCCCAGAATGCTAC 57.97

1.3.3 WHEE PCR Ml L PCR A
K UL L R RS 1Y) Mh-in-F/R, I LA
BHRILH B-actin VENNSHIWEE LK 2). 2k
A 20 pL e Wik &, 114%5: TB Green Premix Ex Taq
I1 10 uL, 51¥1EM 0.8 pL, SI¥50H 0.8 uL, DNA
R 2.0 pL, ddH,O 6 pL. W FEF A 95 CHiiAs
30's; 95 CA8ME 3 s, 60 “CiHk 34 s, 40 MEH; B
firth %8 2 95°C 155, 60 “C 1 min, 95°C 15 s,

x2 KHREEPCREMIM
Tab.2 Real time-PCR primer design
514 primer £ FK code J¥51 sequence (5'-3") T./C
3% forward B-actin-F  CTCCCCTCAATCCCAAAGCCAA 62.56
TUi% reverse  B-actin-R ACACCATCACCAGAATCCATCA 59.42
3% forward Mh-in-F - GTCCGGACATCGAAAGGAT 54.50
Fiif reverse  Mh-in-r  AGCGAGCCCAGAATGCTAC 57.97
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X5 A S B R IR A 2% 2H 2 S AR A i
(R 0=k il L AT g g = Y o1 S I 0 A B O i
FGETH &S/ H) 1 B i PR

14 BEREBRRSTOLREA S (FISH)R
141 e RSEREERERRTET R
Fia B DL R G 0 b 0 O R A A ot
(Myxobolus ampullicapsulatus) . R H (The-

lohanellus wuhanensis) . S<Z=M (M. wulii) . i

JE i B (M. toyamai) . < HO LY HL (M. longis-
porus) IETEHLAL B (M. pyramidis) 1537 L0 HL(M.
cultus)Vh i £ 55 BARENAY 18S 1DNA J¥ AT
XT3 T (Clustal X 84, 368 BT 1 Aol o ol 5
FE S M X 3% 3 DNA % 4 (Bl 1) 5'-FAM-
TCATAAACATTACACCCTGAGCGAGCCCAGA
ATGCTACTTTTATG-3', KN 45 bp, i LA
THEARABRAE A

MH329617_My_honghuensis TGAART

ATAAAAGTAGCATICTGGGCTCGCTCAGEGTGTARIGITRATG

GGATAT 1380

KC425225 My_ampullicapsulatus GAATTT;IATAAAAGGAGCATTCTGGGTCCAACTCAGGGTGTGATGTTFATCAA#GGATAT 1380

JQ968687_Thel_wuhanensis
EF690300_My_wulii
FJ710802_My toyamai
AY364637 My _longisporus
HQ613411_My pyramidis
HQ613409_ My _cultus
EF189737_Car_gibelio

B1 e S R R T A TS

TCTAGGTCGGATTATGCGTTGCATTGTCAGAGTCTTGGGGTCAAACCTGAGGTTTTGATG 1380
GTTAAATTCCBTCGAAGGGTGCTGAGGGGCAACCTCAGGTATTTGACTGTGGAEGGAGAT 1380
TTABATTTCATGGATGTAGTACAGGAGGTTCGCCAAGTGTGCTGCATEIGTGA?AGGAGA 1380
ATTGITAARTTCCATGGGIGTAATGCAGGAGGTTICGCCGARTGIGTITIGCATCTATGARARG 1380
TCTTAAATTTCGTGGGTGGATGCGGAGGGGCAACCTGACGIGTTCATFTGCGAhAGGAGA 1380
GCACRATTCGACAAACGATIGCTGGCATGGTAAAACATGTCAGIAIATIGTTICTTGAGA 1380
CTCGCGITGATTAAGICCCTGCCCITTGIACACACCGCCCGTCGCIACIACCGBTTGGAT 1380

B 18S rDNA 731 A B e X B AR EH T 5,

Fig. 1 Alignment between the SSU 18S rDNA sequences of Myxobolus honghuensis and other
myxosporeans and fish host Carassius auratus gibelio
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BERA, WMARE, A T2580H 37 CF R
M 20 min; A 0.2%HZBRVEKPE 1 min, Z1k)
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PBS ¥t 5 ¥K; H 5xSSC vk 2 e, #YI R
AR EWN, %i%h&%%@AAﬁcTﬁﬁ”
1 ho BUBIR &, MY R, s, 65
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Yt 5 min; B PBS ¥k 3 K5, T INBEEEKF),
FHFE W m B o 6 & AR 32 B B E LEICA
DM2500 Z¢ I i T WSS F R AE KL .

2 #R59H
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5 I PCR #ill 45
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B H50 PCR Rl 45 SR BoR, 8 —HEBEA O BE
BB A 32 A% B BH R LG H 2 50% (11/22, % 3),
Horr, Y S FEACKT I AR A B, Dh SR A BH M %
eIk 36.4% (8/22, A6, A8. Al0. Al3. Al6.
Al7. A18 F1 A20), SREYFHYERN 27.3% (6/22,
Al., A9, Al6. A17. A19 FIl A20); THERFEAK:
HORE T O MEE R, 55 R AR SR A
K130 PCR FI%¢ G 5E B PCR P AMAS I 5 k40 A, e
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50%. S ZHEREACDRER . BPSE | BPAE S I T OO0
A PCR 1 B FHMERS 23k 75% (9/12, B1, B2,
B3. B6. B7. B8, B9, B10., B12), FHIEREA
PCR = % I /¥ 4K 15 /9 )% %1 5 3t 3 i e ot
(MH329617)5% 4 — 3.
22 RBIREREBARARLHEMER
BEHC PCR Al BH 4 119 57 75 AR 01 A fry B9 B
(1SN = N E AR BT D | DS S DA S

ZERG o SR AR AS R I 25 R R, 7E S R AR
Y1 5 4 4 21 rp ] S B R (OB 5 (]
2A), TED B 1 6 22 J5] 1 45 4 A U] MEE B 4k (0
POLEZ 7045 (] 2B), LEUR B LI I 2 2L pf 3 7y
i PR EITEE 5 (K 20), AP0
PR IICAR 5 A (K 2D). KIZEREMH,
TS A AR L Dh B R 7 SR 2 2y
A LT 0 R B TR T AR AR B CE RO AT

P2 i A HURGe S i RN U R SO AR S (B (0 DO IREE, #E08 DAPL 4 ()
A BRGNS R AR 0 OB SRR (FFK); B: BEA ORI Y Y A BB TR ARG k)
C: BRAE op (i W A HUE TR (T k) D FEAIUIE i ik I A s TR A (7 k).
Fig. 2 In situ hybridized sections of Myxobolus honghuensis in infected tissues of Carassius auratus gibelio
(Green is fluorescent probe and blue is DAPI staining)

A: M. honghuensis trophozoite in ovary of broodfish (arrow); B: M. honghuensis trophozoite in pseudobranch of broodfish (arrow);
C: M. honghuensis trophozoite in kindeny tissue of broodfish (arrow); D: M. honghuensis trophozoite in spleen of broodfish (arrow).

23 Mi4& PCR &

IR KIEALR) R R4 6 3d.15d &
30 d B 0 B2 S PCR K25 31 R, 55—
HEBEA I AL 4y 6 R Y AL REAS BT P BR AL Y
30 d %£.(30 dph)Fl A18 i 15 dph A &4 Hi L
Ly e PHME, A 4 A I 245 SR 35 R B (3R 3).

55 T RE AR 0R AL &y £0 43 ) OR FH BAAE 2f X
PCR F1%¢ G5 it PCR PRGN 5 43 B1 ( 4)
BEAb T 3 KA ARK L BHYE . B4 B8 A= 5p
Efb 4 15 dph A B SR PO e
PCR #B#6 i BH: . BEAS BO FF P~ 4 #4 30 dph ¥ i
ot s PCR Rt FHM: . B4 B10 Fri=4)fa
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Tab. 3 Detection results of the first batch of fish fry by single-tube semi-nested PCR
n=15

wamn PR gy AT LT B

fish-code %S;‘I‘i‘fl‘ ovary Oﬁi’; 3dph  15dph 30 dph | fish-code %S;‘Ili‘fl' ovary fﬁe 3dph  15dph 30 dph
Al - - + - - + Al2 - - - - - -
A2 - - - - - - Al3 + - - - - -
A3 - - - - - - Al4 - - - - - -
Ad - - - - - - Al5 - - - - - -
A5 - - - - - - Al6 + - + - - -
A6 + - - - - - A17 + - + - - -
A7 - - - - - - A18 + - - - + -
A8 + - - - - - A19 - - + - - -
A9 - - + - - - A20 + - + - - -
A10 + - - - - - A21 - - - - - -
All - - - - - - A22 - - - - - -

" FOR FAPESE R« R B S

Note: “+” represents positive result; “—” represents negative result.

F4 ST ESMBE BRI R
Tab. 4 Detection results of the second batch of fish fry
n=15
P R AR
BEA w5 pseudobranch ovary oocyte 3 dph 15 dph 30 dph
fish-code geminested real-time semi-neste real-time semi-neste real-time semi-neste real-time semi-neste real-time semi-neste real-time
PCR PCR d PCR PCR d PCR PCR d PCR PCR d PCR PCR d PCR PCR

Bl - - - + + + . - - - _ -
B2 + + - + + + - - - - - -
B3 - - - + + + - - - - - —
B4 - - - - - - - - - - - -
BS - - - - - - - - - - - -
B6 + + - + - - - - - - - -
B7 - - - - - + - - - - - -
B8 + + - + + + - - + + - -
B9 + + - + - - - - - - - +
B10 + + - - + + - - - + — -
Bl11 - - - - - - - - - - - -
BI12 + + - - + + - — — - _ —

TR <R FPEEER «FoR BTk SE R

«_

Note: “+” represents positive result; represents negative result.

15 dph ¥ 5 9 it PCR A PHM:
24 WHhERKFEMFT

EAk 3 d 2 ke PCR %A Ky B, (R,
PEHL T PCR BHMESCIRAL R 15 d ghfaibfrig skt
(LAY e N2 6B o 24 58 K an ] 3 Bz, e

AL, 15 d S50 ) S0 2 T TR 1 DR BB S b A
BNEPRSETOUE T (K 3A), B R EHN
s A B B PS5 (B 3B). SR AR SC 45 R 3%
W, WAk 15 d J5 IS5 AR A e s | DR
FEZE 280 IS R A A e, ke 3 5 A R g 43 A o
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B3 ek 15 d 5 E W) Rk fa 4 2] F SR A 44 38 ki
A i fa g R O i () I A R IR R (T 3k, <40); B & Sk R v 9 I A A SRR (T Sk, < 100).
SR POCEREE, WG DAPL YL,
Fig. 3 In situ hybridized sections of infected Carassius auratus gibelio fry 15 d post hatching (A, x40; B, x100)

A: M. honghuensis trophozoite in gill and pseudobranch of infected fry (arrow);
B: M. honghuensis trophozoite in head kidney andkidney of infected fry (arrow).

3 Wi

ST AR A P T Lt ) e R A T s R
R AL R iR AR S A2 8 T 2 R . R
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Transovarial transmission of Myxobolus honghuensis in gibel carp,
Carassius auratus gibelio (Bloch)

YANG Kun'?, ZHAI Kaixuan', XI Bingwen" *, CHEN Kai’, XIE Jun’, PAN Liangkun®

1. Wuxi Fisheries College, Nanjing Agricultural University, Wuxi 214081, China
2. Freshwater Fisheries Research Center, Chinese Academy of Fishery Sciences, Wuxi 214081, China

Abstract: Myxobolus honghuensis is a parasitic pathogen that causes pharyngeal myxosporidiosis. The infection often
results in massive mortality in cultured gibel carp Carassius auratus gibelio (Bloch). Currently, there is no effective
drug for treating pharyngeal myxosporidiosis. Most myxosporeans have a complex life history involving two alternative
hosts. Myxosporean infection in fish hosts occurs primarily through the horizontal transmission of actinosporean re-
leased by invertebrate hosts. Domestic researchers have performed many studies on the life history of myxosporea
parasitized by C. auratus gibelio. Approximately 20 species of actinosporean have been discovered and reported. How-
ever, no invertebrate host and actinosporean have been found in M. honghuensis. In this study, gibel carp larvae were
obtained by artificial insemination, hatched, and nursed in an indoor water circulation system with tap water at a tem-
perature of (23+1) ‘C. Single tube semi-nested PCR, fluorescence quantitative PCR, and oligonucleotide fluorescence
in situ hybridization (FISH) were used to detect M. honghuensis infection in brood stock tissues, eggs, and larvae. The
covet infection rate of M. honghuensis in the 34 gibel carp females used in this study (A1-A22, B1-B12) was 50% to
75%. The positive infection rate in eggs and pseudobranch was higher than that in ovarian tissue samples. The
pre-sporogenic stage of M. honghuensis was detected in the ovary, pseudobranch, kidney, and spleen of gibel carp. The
15 and 30 days post-hatch samples of gibel carp larvae (Al, A8, B8, and B9) obtained from infected females and com-
pletely cultured indoors were positive for M. honghuensis infection. The presence of M. honghuensis in the pseudo-
branch, gill, and kidney tissues of 15 days post-hatch larva was confirmed via FISH. The collective results reveal
transovarian transmission of M. honghuensis in gibel carp.

Key words: Carassius auratus gibelio; Myxobolus honghuensis; transmission; PCR; FISH
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Tab. 1 Physiological and biochemical indexes commonly used to assess the quality of estuarine fish

habitats and their biological significance

N2 > |
S YR ISR 4 s
aluating index biological significance eval gatlon of reference

& habitat type
RNA/DNA RGN HL DNA & EHNFE, RNA SENEAN R TANEA B4 [40-41]

FI A G B, RNA/DNA  H (B RE 6% J e f0 2S04 o 25 11 J5T 1) & i 3,

FEH T B AR BRI E 32K
B TR M Z ARSI, i Z RE SRR RN ERSE 99 [42-43]
cortisol concentration W PR, AR P B B v A S PP A £ 28 T AL R PR IS T D348 45 o
Fulton's K 4% {445 %« Fulton's K Z& 3580 T AR K S E Z W i X Z X R @RE S F413% [44-45]
Fulton’sK conditionindices 7794, AN K=1000(WIL%) . ZHEMREEETAEKEN M, &

o A AR A AR R 5 0 A A B R R
LRGeS LRCE S RS SR PN i SRR S E S S PR [8.46]
marginal otolith A I W0 099 B R, R B £ K ORDE . BEEOIRDL L R85
increment width B B (A S AT
JH I A4 % HSI FIAA R HSI=100(HW/W), Wt ST AR & & R 00 . IFRARAE B0 2s H4him . r=only  [47-48]
hepatosomatic index WIBERBAL LR, Sy A A TG Sh R (L RE LR IR o AT IR TR B 3= 2 S £

(A AT FN R I A A 7K - o
PERRFE % GSI FixAh GSI=100(GWIW), SR Befa B HERRA LU 2 B REE IR 2N 77 iR [3548]
gonadosomatic index REBERE T aAEHIE,
WAL F 4K DS Fik30 DSI=L00(DWIW), JZ et 2 €k ut, LUEAR SR Tl #4hdn . sy [18:35]
digestivosomatic index B,
Jig B Ji B A R T A 2 SRR AE R AR A K T ARIETF R B LA, F4hds. reonly  [49-50]
lipid content o3 R WUIA i J5 2 5 FNEFE AR 5T & 4, 20 0l T 9FA0 40 (010 %8 3R K7

A B RE S 4

L A, HW O FFIE S &, GW h PEAR S5k, DW o T 638 o B, W fa 28k,
Note: L isfish body length; HW isliver weight; GW is gonad weight; DW is digestive tract weight; W is body weight.
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Tab. 2 Fish community indices commonly used in estuarine habitat quality evaluation

1 R TE AR AL N E K PN FE AR 2% 3k
fish community index application country evaluating index reference
T 1A W) ¢ B R AR K, E  PREERAR RO, GRYR R, FRAF] 00%I s [66-67]
estuarine biotic integrity index IR R, K2R AR A
A BRI 2 W S M 2 R R, R D 43 S Re Y
0 2B 0a, FETT 7 0P £0 284
fHE R AT S 1) £ B 4y
T 1 f TR HR A EZELS YoRh B A R B, B S R RO, Ak a2k [68]
estuarine fish community YRR, XN TS HEGWaRYFERE, FRES
index F| 90%I1) fi JE W FhFi i
A B T 25 2 5 S A 2 R R, KO AR T
ZEW R B, T 11 T A 2SR AR R TR R, RO
G S5 018 98 0 IS P R X
R JEAW Zh W) Mk R b, £ A S A R
T S Bt S Rl AT £, Bk my
BB AT =
AZTI 24841 PUBES YR EE AR YRR, SRR YR B E AL, Skt [74-79]
AZTI’s fish index R B A L, L H ARG E 4 L
HE BRI 2 1 VAT 15 S S A R
HEIRUER ZEHORHEE S, AEEaERE ST
f FEIR 1L R BRI A2 5 i) 1) 0 28 1R B0 7 43 L
I P 0 2 A SR B e R EERAR WA, MX TS EEA IR, TR [76]
transitional fish TEAE, HIRETF 5% 0 4 o YR AR £ 1, = 18 i 5
classification index Q0% 1y b A i
HE BRI A T SE S M A 2R R R, ARSI O R R T
K
EIREEH B TIRERF AL, RIS Y Bt R R, &
P £ Y R
] 1 RES ] 0 25 8 4 e YRR RN S AVREE, MR, KRN A [70]
estuarine and [agoon fish index SRR U (R, T B ) 069 B K £
I B, VERIR KN £ 1 2
] 1A A 4R 5 % F YR AL, R, YRR, SRR B, Bk [69]
estuarine fish assessment index P
HE BRI FH 2 7 TRV AT O SRR 1 Ay b, IR O S

B IRAH

BIA S
LSRR i N E R
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Research progress on evaluation methods of fish habitat quality in
estuaries
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Abstract: Estuary is an essential habitat for fish, occupying an important position in the sustainable development
of fishery resources. Carrying out evaluation research on estuary habitat quality is of great significance for under-
standing the status of estuary habitat functions and providing management bases. In this paper, the research me-
thods and application progress of estuarine fish habitat quality assessment are reviewed, mainly focusing on three
aspects: (1) based on the quantity distribution characteristics of fish, through the correlation between the quantity
distribution characteristics of fish and environmental factors, exploring the suitable habitat distribution pattern of
fish species; (2) based on the survival performance characteristics of fish, screening the survival performance
characteristics indicators of each stage of fish life history and evaluating the quality of different types of habitats;
and (3) based on the community structure characteristics of fish, comprehensive evaluating estuary fish habitat
quality by constructing a fish community evaluation index. The evaluation of habitat quality of estuarine fish is
helpful for understanding the change mechanism of estuarine fishery ecological function, providing a theoretical
basis for the rational control of human activities along estuaries, the development of monitoring and early warning
techniques for estuarine habitat quality, and the scientific implementation of estuarine habitat protection and res-
toration.

Key words: estuary; fish habitat quality; quantity distribution characteristics; survival performance characteristics;
community structure characteristics
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