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ABSTRACT

Aims: Hydrological connectivity is essential for maintaining biodiversity in coastal wetlands, and it is important to
understand the response of fish diversity, as a major component of biodiversity, to different hydrological connectivity
intensities. This study aimed to investigate the response of fish diversity to hydrological connectivity in the typical tidal
creek system and verify the applicability of eDNA metabarcoding for monitoring and conserving fish diversity in the
Yellow River Delta.

Methods: Water samples were collected from six sites in a typical tidal creek system in the Yellow River Delta in

WSk H 3: 2023-03-09; #2532 HtH: 2023-04-18
REH: HEAREFIES(42176160; 42276142) LI RAE HIREHEFES(ZR2021MDO084) Al HH [E ) 22 Bt A I g 14 56 3 BH & T (XDA23050202)
* JBfEH Author for correspondence. E-mail: bgli@yic.ac.cn

https://www .biodiversity-science.net



AL H T IABIDNAZ AR BN FU I = A I R0 28 G 00 2 2 P 2 S 7K SO 3 P 1 2

September 2022. Fish diversity was analyzed by using eDNA metabarcoding, in which, eDNA extracted from the water
samples source were amplified by PCR using the 12S rRNA classical fish primers MiFish-E and high-throughput
sequencing was performed by Illumina Miseq. The OTU representative sequences were aligned to the NCBI nucleotide
sequence database to obtain species taxonomic annotation information. Thirteen environmental physicochemical
indicators were measured in the water column. The relationship between fish communities and environmental factors
was explored based on redundancy analysis.

Results: A total of 55 fish species were detected, including 27 native and 28 non-native fish species, and Perciformes
dominated the fish composition. The fishes with high sequence abundance at each sample site included Acanthogobius
hasta, Planiliza haematocheilu, Acanthogobius elongatus, etc. Fish diversity of the tidal creeks with different
hydrological connectivity was different. Significantly higher community diversity and richness index, the highest
number of species and a more even distribution of the number of individual species were found in the secondary tidal
creek than in the other two tidal creeks. SiO;*—Si, NO; —N, pH, salinity, NH;—N, and dissolved oxygen were
significantly correlated (P < 0.05) with fish community structure shown by RDA analysis. Acanthogobius hasta with
higher sequence abundance was positively correlated with silicate, and the sequence abundance of Planiliza
haematocheilus was negatively correlated with salinity.

Conclusion: This study confirmed the feasibility of using environmental DNA metabarcoding to monitor fish diversity
of typical tidal water bodies in the Yellow River estuary by comparing it with previous traditional sampling data and
indicated that hydrological connectivity of tidal creek systems has a significant impact on fish community structure and
diversity. The results of this study are helpful to further understand the influence mechanism of coastal wetland
hydrological connectivity on biological communities.

Key words: environmental DNA metabarcoding; fish diversity; hydrological connectivity; the Yellow River Delta; tidal
creek system
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Fig. 1 Sampling area of natural wetland in the Yellow River Delta. S1S, Upstream of the first-class tidal creek; S1X, Downstream
of the first-class tidal creek; S2S, Upstream of the second-class tidal creek; S2X, Downstream of the second-class tidal creek; S3S,
Upstream of the third-class tidal creek; S3X, Downstream of the third-class tidal creek.
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®1 EAOFIMEELER. BITARNEFERRTEFEEP <0.05). MARTHRKE.

Physical and chemical indicators of in the tidal creek of the Yellow River Estuary. Different lowercase letters in the same

Table 1

row meant significant difference at 0.05 level. Bolded numbers indicate maximum values. TN, Total nitrogen; TP: Total phosphorus;
T: Temperature; DO: Dissolved oxygen; SPC: Conductivity; SAL: Salinity; Eh: Oxidation-reduction potential.

Ar & Variable

Y25 Tidal creek level

—
The first-class tidal creek (S1)

it 3|
The second-class tidal creek (S2)

=g
The third-class tidal creek (S3)

B TN (pg/L)

B TP (ug/L)

WELH: PO —P (mg/L)
#Eh NHy N (mg/L)
TEAHEZ R NO, —N (mg/L)
TERREE Si0s” —Si (mg/L)
FHER . NO;—N (mg/L)
BE T(C)

R DO (mg/L)
H5$ % SPC (ms/cm)
#hEE SAL

FRH%E pH

A AL Eh

351.893 +4.857°
15.116 + 1.175°
0.033 = 0.029"
0.039 +0.012°
0.019 +0.003"
0.675 £ 0.052°
0.265 + 0.041°
21.800 + 1.595°
7.998 + 0.804"
26.412 +0.245"
16.185 + 0.170°
8.408 + 0.012"
~71.950 + 1.104"

361.896 + 11.934™
12.586 + 0.580°
0.008 = 0.002®
0.036 + 0.004*
0.024 + 0.004®
0.690 + 0.107%
0.238 +0.018"
21.450 +0.321°
6.692 + 0.315"
32.538 + 1.752%
20.362 + 1.202%
8.385 +0.021®
—70.583 + 1.087°

389.191 + 19.168*
14.975+0.715°
0.004 +0.001°
0.170 + 0.121"
0.027 + 0.004"
0.964 + 0.222°
0.193£0.017°
26.233 + 2.850"
6.067 +1.143°
36.300 + 1.715"
22.903 + 1.121°
8.248 + 0.026"
—-64.033 £ 1.219°

®2 BEH&RRAEFIGT

Table 2 Statistics of trimmed sequences in each sample

FE R AR Fe 24k TisiZE £t I

Sample name Sequences Bases (bp) Average length (bp)
SIS 500,311 85,254,665 170.40

S1X 500,256 84,418,677 168.75

S28 471,672 80,731,476 171.16

S2X 479,424 81,634,922 170.28

S3S 556,415 93,868,748 168.70

S3X 614,037 103,314,806 168.26

ey HEREE. VAR pHAE DU A AL IR IR H AT IR 2]
FAR, R IASL > S2> 83 (P> 0.05).
22 SBEENFEMESR

202249 H B AT 1A 7K R P S DNA iy &
J7 48 R W22 o FLIR M 18 I, 2% 35 MR W e i FL VK
Frll 44k 5 PCR= ), i H B 55, N5 4
B JE SRR EALER, B RS 3AFATRE G NI,
SEBRI P 6N EE o I AR T BIL AR I X T A1),
SiEdE. PHEFEBRREGHE, &AR I H
TIRE A BT HI, 33,122,115%, EHCH
529,223,294, ¢ % 33 K 169.51 bp, % K 7 T
151-200 bpZ [A] {751 15 6 N99.54%. 64K B2
#3%13,31410TUs.
2.3 YIRS E S

MRAEFE 5 7 ) FE R, AT A Z R BOTUs B

%, P bR 45 5 NCBI B 204 P LU X 285 5 rp R 3
JEZMFHIOTUs, AR 7489N0TUs, AEVER:ZE
3T 6. 2540 H 370ME 6148 684 .
Hrp 550, FET2HM12H 278488, 16
B S G27RE T3 . SNSRI A )
Fh, FET2HMH 16R125)8(3£3). AHh T HIK
- R ECHE A =00 2 0 AT B 13, G H
SHh. % B St B #28; TERDKE R EcHE
A4 B R PR RS Rl BERI3F. SRl
BEE2F0 775 3= B HE 4 BT = 0 o i R R
i} % 1 (Acanthogobius hasta). fi2(Planiliza haemato-
cheilus) L F K A4 Ji diF 5 £ (Acanthogobius el ongatus)
(E12)e ARG EEIEDFE RS 75 E 2
H e R 1) 25 R o0 A7 22 S (E13), Horpop Rl AR e
AR SRR ST IIWAT IS, BAE— e N E & i
=P AR B K ARIINR 5 01 7 51 = B AE = 20V
B, ARAHL YN F B 800 S AR I A
A A
24 EFRFEABEEDSHMTEES

HE T 550 18 25 5 F AR X o AR P T R4S 3 %
FERBRBEVR a2 FEVERR R (R 4) . PR SO o
K (Good’s coverage) i, YN T99%LL I, FIAFE
i T AR e, DY 45 R ELSE T FE . Chao 144K
FIACEFREUS A LR IINS2 > S1 > S3 (P> 0.05).
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Table 3 List of fish species detected by eDNA metabarcoding in the tidal creek of the Yellow River Estuary. The term “Native fish
species” refers to those marine fish that are actually caught or recorded as having been caught during the historical fishery resources
survey in the Yellow River Estuary and Laizhou Bay.

H Order

#} Family

F Species

A gh S

Native fish species

AEA 1 ) b

Non-native fish species

fi#F% H Pleuronectiformes
2 H Clupeiformes

#ikt 1 H Beloniforme
M H Osmeriformes
fifif H Perciformes

figfifi H Anguilliformes
#2J% H Rajiformes

fififZ H Scorpaeniformes
fifi 2 H Mugiliformes

ik H Clupeiformes

#§% H Cyprinodontiformes
i H Cypriniformes

EH#HE} Cynoglossidae
fii %} Dorosomatidae

fiz#} Engraulidae

fiF} Hemiramphidae
B K} Osmeridae
1E87%} Lateolabracidae
WFfFl Siganidae
2k} Carangidae
AEMFL Sciaenidae
fisikl Sillaginidae

IR %l Gobiidae

REIEFRL Congridae
#%%} Rajidae

gk Rl Hexagrammidae
fifif} Platycephalidae
fifi Bl Mugilidae

fiff} Clupeidae

FHiEEL Oryziatidae
fiiFl Cyprinidae

Jesf Rl Balitoridae

FEWILTE S Cynoglossus joyneri
Figk/NybT 48 Sardinella zunas

BEf Konosirus punctatus

FrEMtE Thryssa kammalensis

fi# Engraulisjaponicus

K% Coilia mystus

[8] M Hyporhamphus intermedius

i KA Hypomesus nipponensis

1y Lateolabrax japonicus

¥ T4 Sganus fuscescens

FHITRIME2 Alepes djedaba

/N8 Larimichthys polyactis

/Mg Sllago japonica

JF B IR £ Acanthogobius hasta
KARHIR % f1 Acanthogobius elongatus
FRUFE Chaeturichthys stigmatias
LR £ iR % . Gymnogobius heptacanthus
e [CAH MR 2 f2. Acentrogobius pflaurmii
JNL2 5l R R Amblychaeturichthys hexanema
KRR 21 Acanthogobius luridus

P R R & 1. Odontamblyopus lacepedii
SERET 8 Conger myriaster

B Okamejel kenojel

K/t Hexagrammos otakii

fifi Platycephalusindicus

i Planiliza haematocheilus

fifff Mugil cephalus

WETS/Nb T Sardinella gibbosa

16 fifit Hilsa kelee

## Oryzias|atipes

fil) Carassiusauratus

BIEF Pseudobrama simoni

R Zacco acutipinnis

# Cyprinus carpio

IR JE 4. Acrossocheilus wenchowensis
=15 Megalobrama terminalis

K4 0, 148 Opsariichthys evolans

F - Spinibarbus caldwelli

DK% Hemiculter bleekeri

MEAE LR 6 Pseudogastromyzon meihuashanensis

JRZE O Vanmanenia stenosoma
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TS BB FT ST = A1 I R V8 R G R e P B K S

P Fg iz

H Order

#} Family

F Species

fifif. H Perciformes

&2 %} Nemipteridae
WifaFl Cichlidae

22147} Pomacentridae
JEGEERL Eleotridae
R AL Gobiidae

HA 42kt Nemipterus thosaporni

357 KR Coptodon Zillii

JEY Oreochromis mossambicus
JnFng 7 5 JE 4 Sarotherodon galilaeus
S 44 Oreochromis niloticus

FIHi 4424 Chrysiptera brownriggii
H 35 U488 Eleotris acanthopomus

I IRWMF & £ Rhinogobius cliffor dpopei

i H  Siluriformes

%%} Bagridae

fii %} Siluridae

&l Loricariidae

ZEPEW)HF & 1 Rhinogobius lentiginis
434 BWpHFpE fa. Rhinogobius nagoyae
X WpF 2 Rhinogobius wuyiensis
# it Tachysurus fulvidraco

PR3kt Slurus soldatovi

LG ik Pterygoplichthys pardalis

100 -

80 -

60 -

40}

20

FFUAEXTERE Relative abundance of sequences (%)

LLL
T

4128 Y)% Non-native fish species
85 Cynoglossus joyneri
ﬂ:ﬂ}y Odontamblyopus lacepedii
8 Conger myriaster
Coilia mystus
Platyce halus indicus
b7N2k i Hexagrammos otakii
% Konosirus punctatus
8% Okamejei kenojei
ngraulis japonicus
ﬁ% Sillago japonica
x4 Hypomesus nipponensis
¥ f1 Larimichthys polyactis
7{% fit Thryssa kammalensis
B3 Alepes djedaba
|Uh f2 £ Acanthogobius luridus
B/ N T ‘% Sardmella zunasi
il cephalus
JIE £8. Amblychaeturichthys hexanema
WRFEAR Acentrogobius pflaumii
Siganus fuscescens
% £ Gymnogobius heptacanthus

Lok

N

%@*ﬁﬁ#)k%?@%ﬁ%ﬁ&ﬁ%ﬁﬂ%@ﬂ
ggﬁ**ﬂmlﬂ#%ﬁ

Bﬁ?ﬁﬂ

2|

S

B

LN ﬁﬁ Chaeturichthys stigmatias
ik Hyporhamphus intermedius

5 Lateolabrax japonicus

KR 4 Acanthogobius elongatus
2 Planiliza haematocheilus

7 BRIEF R 8 Acanthogobius hasta

N
EI%
B
F
] T

S1S S1X S28 S2X S3S8

&2

S3X

BRI EENFIENFE. RIFENHESEIRLEL.

Fig. 2 The relative abundance of fish sequences at each sampling station. The full names of the sampling stations’ abbreviations are

shown in Fig. 1.

Shannonf& ¥ 2 ILH P LAK, T lE & A,
R 4% 3174 1) Shannon 45 i 5 — 90 R — 2 W 74 =5
Simpson?i 15 Shannon#E £ E L& H—5, BI =2
IV 1) 22 FETE AR HUR =
25 BEBERAMSKIMERTFHXER

BT 75 E FEHE B S A Hb 8 R Fh =F i
JE PEREAT 223X B 43 M7 (detrended  correspondence

analysis, DCA), R #% H /¥ il B B K B (gradient
length < 3), EHERDASHT. XTI EAE (pHFR A1)
BEATIg(x + DI 0 SR RIS BT PR 4L
WE & EVE, RPEForward Selectionst 571k H . 2%
R AT 5 2 HE 7 b . RFF RIS
SERRH, SRR R B A B P < 0.05),
EPRDAHEFZ5 R 15 .
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TR MR FE 8 Acanthogobius hasta I
& Planiliza haematocheilus
KARKIIT JE 8L Acanthogobius elongatus .

Via Lateolabrax ]apomcus

lﬂgﬁﬁ Ch h . inter

aeturtc thys stigmatias

‘bﬁiﬁ%i‘ﬁﬁﬁ G mnogobtus heptacanthus

é Siganus fuscescens

jﬁﬁﬁﬂﬂm‘ﬁﬁ Acentrogobtus pflaumii

N2l AT R Amblychaeturichthys hexanema

1§ Mugil cephalus

/N T 481 Sardinella zunasi

[ MT“E@ _Acanthogobius luridus

1T RIM 5 Alepes djedaba

BRI Thryssa kammalensis

/NEf Larzmzchthys polyactts

Pk 8 Hypomesus nipponensis

&ﬁé Sillago japonica

ﬁ;% Engraulis japonicus

D% Okamejei kenojei

B Konosirus punctatus

KL Hexagrammos otakii

i Plaﬁttycephalus indicus

8% Coilia mystus

EJEE 8 Conger myriaster
LRI AR Jﬁﬁ Odontamblyapus lacepedii
Cynoglossus joyneri

[T i
3E$ﬁﬂﬁ§$%ﬁ= Non-native fish species
S1S S1X S28 S2X S3S S3X

B3 BREUGMUETFIFENELTEDMRE. REBUESEHRIE!L.

P fram Rz

FIIFEEE

Sequence abundance

330000

240000

160000

80000

Fig. 3 Heatmap of the spatial distribution of fish species at each sampling station based on the abundance of sequences. The full

names of the sampling stations’ abbreviations are shown in Fig. 1.

®4 ETHFIEMFETESING KRS HMER

Table 4 Alpha diversity index of fish community based on the relative abundance of sequences

%ﬁ‘ﬁﬁ'ﬁ ; MEF AL ACEfa%k Chao 1544 Shannond £ Simpsond £{ W R B T
Sampling station Observed species ACE index Chao 1 index Shannon index Simpson index Good’s coverage
S1S 325 328.28 328.11 3.95 0.84 0.999977

S1X 327 329.57 328.62 3.14 0.62 0.999980

S28 324 335.00 350.25 4.44 0.87 0.999958

S2X 316 325.00 323.50 3.25 0.73 0.999958

S38 325 337.51 335.69 3.60 0.78 0.999946

S3X 288 302.85 302.88 3.64 0.81 0.999935

R A B I 5 /K A 855 R FIRD A 3 #r ®5 RWNOAELXMFFIIFEETTRDHT(RDA)

CE AN SR, 55— R S AL S R 5 R Table 5 Redundancy analysis (RDA) of dominant fish species

in the tidal creek waters of Yellow River Estuary

BiAH G R E i 080.969 0.992, FLfERE T HHh-

HEF 5l Axes

WEER R TTZM91.7% 5 BT 451 2 5 40 2 3 4
FK(P < 0.05))6FHh K55 K -F 1 f# B 2K (conditional FHiE1H Eigenvalues 0.62 0251 0.046 0.028
effects) 7 hy: FERG £h (81032_—81) 34.7%. TN Eh i‘(ﬁ)r‘rﬂii\fgnfpecies—environment 0.969 0.992 0.986 0.947
(NO3 —N) 21.3%. pHE15.0%. #:/%(SAL) 13.8%. P e ewy o 8§12 ols 947
%_f h (NH 4+—N) 6.2%- fé{ ﬁ@ffk(DO) 4.1%., RD Ajc;”; Cumulative percentage variance of

species data (%)
J7 R LA R0 A SR U o0 A 5 B R - 2 18] ) W R R BRI A 2 653 917 966 99.6
3‘%/ 2o Cumulative percentage variance of

species-environment relation (%)

KA VR 45K 5L R 8] 5k R I TUR 70 B 1
*ﬁ( @4)&27“ W i f RL 7 Rh O j A [ 4 =F B 40 A Sum of all eigenvalues
0.951

VI SRERREE R EAR, SpH. DO, opr — SMENEE

Sum of all canonical eigenvalues
TR R 8 AA, HARUE 52 #1541 = 2 o0 A 5 26

20234 3155 | 73H | 23073 | 28T
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G A T I EDNA L S AL HOARBIT TSI = FiH S RV 25 550 00 28 2 Ak S HOnS 7K S 1 i 2

10 F
NH,~N
4 Acal,! A'fb
Sio2—si \\ SAL|
é Ch _ Thr
3 '—i:’/’i)y B e
é Ace La pa——
Sig
| Acah
H
Ale po P
A
NO3__N
-1.0 | L | L
-1.0 1.0

RDA 1 (62.04%)

El4 FTEDMRDA)RR & LEEEMSIEREF B/
XFR. Acae: KIFFRIERE &; Acah: FREFIENE&; Acal: #5%
RIMFE S, Ace: ERMIRLTER; Ale: HITEIMES; Amb:
NLHREINES; Cha: FREINES; Gym: LHEFINE
&; Hyp: [BITVE&; Lat: f£85; Mug: &; Pla: #; Sar: &t
DT fa; Sigr #BIET&; Thr: FREKRE. DO: AMEE;
NH-N: $%#h; NO;-N: FHEREL; pH: BRWSIE; SAL: #E;
Si0;7-Si: FEEREL.

Fig. 4 Redundancy analysis (RDA) exploring the relationship
between fish community structure and measured environmental
variables. Acae, Acanthogobius  elongatus; Acah,
Acanthogobius hasta; Acal, Acanthogobius Iuridus, Ace,
Acentrogobius  pflaumii; Ale, Alepes djedaba; Amb,
Amblychaeturichthys  hexanema;  Cha,  Chaeturichthys
stigmatias,  Gym,  Gymnogobius  heptacanthus,  Hyp,
Hyporhamphus intermedius; Lat, Lateolabrax japonicus; Mug,
Mugil cephalus; Pla, Planiliza haematocheilus; Sar, Sardinella
zunasi; Sg, Sganus fuscescens; Thr, Thryssa kammalensis.
DO, dissolved oxygen; NH,—N, Ammoniumate; NO; —N,
Nitrate; pH, Potential of hydrogen; SAL, Salinity; Si0;> =Si,
Silicate.

RIS, Bk b, fRR AR SR A F R SR
HRZHE R MNP I L R K

3.1 ETIMEDNAL ERIER AN AL RS
& A FPLA K

AHIF 703 T PR BEDNA 72 56 T 5 B VP4 5 0]
FHRAP X AL — BB RR R 2R, 3
R 2 fa 2550, Hag27ME T 3EME . i
IKIH WL T, 7EAE AT 7 X 38 S ik Rk LA &
DAAE il B2 5T 2 R A i D sk (E 4R, 1999;

251, 2008"; T-HEEE, 2013%; XIEREE, 2015) FIVIELR
(2022)°7E B VAT 11 Je FLAR T I 380347 G4 0 1 2, 3
AR SL A IR M 254, 5 AW 5L SRR 15T,
FATR SRBE A 43 BRI 1350, =ik (2021) @ 3K
JEHE R A, LA IR 840 Rh, 5ANE 7T E S
13F, FHE:RAE H 4 H R8N, 25 N4 (2013)%
T S I T AR W B T 1047 ok AP b () BT e f 2R
DA B FIMIG & 55(2014) Ge v B SIS J 33T 1 7K Sk ok
Ak fifi (Callionymus beniteguri) UL & i) £k 25 1 2 8 5
FhRAEAHI T 3R I 2 o

— U 0 O DX T R DL ) R, DAk
W 4 I it (Scomberomorus  niphonius) %, 1E A ¢
rROR AR ARSI 21, W 5 SRA 2R X e B A K
A s FBREIRSM H 2L AT 3N
0, WA A h A T N B R (45 ) 2l A SR M
T RN, AR m I E AR, IF B oA
GYH, IR T AR AR K I BB (2 JLAE, 2018, EE AR
BREE, 2021)0 T AKIE T8 RAT DX 330A MELR I Hh VA 7K
R, XBEAR, BRFEFTNKE, JE0K7
GRARZR AT RS I 3 R A Hb £ SR M, LR R A
BonFh, Z RN/ ZE0A, SR TR ERKK
TR IR ZKMEIR AR R PR, 40 2h B iR
P 1 2%, 4 6 (Mugil cephalus) « i (Engraulis
japonicus), 5 XA S T RGR KA AL, B H 5
R, kN T f(Sardinella zunas). B
fif%(Konosirus punctatus)®%, £ [Kl > 22 1545 Ji [K] il i
M H, HAEE . KT Z 040 T3NS (2 LA,
2018).

AT TR B (28 Fh AR A b £ 2, M) PP Rl
BRI S 8 T RS AR E R g AR R
4 J& (Rhinogobius) 25 R BELH il o A6 I 311X LL i) 4 1)
SRR Z . &%, RS SMNEDNAK A
A RE FER KPP AT I 2] o Yamamoto®(2016)IA
IRIKE /N T gK, TEMG KSR T 3 1] B 2 K%
KA K [P eDNAHY 229 A 1] 1 X3k, A5 5 3 ] AL 1)

@© Z=H (2008) HE TG IX AR R AL, Wit 22 Ae s, mE K,
F’ﬁéE

H.
@ FiEEE (2013) 1l 450 i SR 8 ] it b VR R 2 S AR R
RGN, T2 S, R EEEREE, ILRE S,
® FMVHEYE (2022) T K AR K8 AR 155 e ol AR A 2 BEME AR 4K,
2 S, MG R, ILRME.
@ TR (2021) A K AT I it ol A P 2 B M S AR ST
2 S, A K2, RS,

20234 |31 | 781 123073 | 9
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FE R Gy AR H SR JZ KR Rl 2k K 2R 7 51 AR
W, W 2 DA K BERL 5 s R K 2R R e
— VA U I I T Ui A P T VA (R e
B T A RE . IR, FRFEIE LA KK T 3
Hevs N A 7] GENs 7258 1 2R FIDNA 5] R FE X 5,
NI A BH P o A BB BRI 7 X S8 i A7 72 2 HE
1 (AR 4 fa (Tachysurus fulvidraco)ZF A\ T 3254
(PN RATXE &, 2010; % 5 £ A1 FE FLHE, 2015),
WU AT 7 FhoRs W 2 110 3 e DL R 2 R R £
KRFHSHAR. &E, MadEEh S amak
DNATERE N KA 5 A T B2 A 3] o BIF 721X 45k
FRAE RS X WA BE A Z 52K, RIFFAT
TS RITHE B TR R A S R A
(MRoRIEss, 2003), SR1EREAEMFEEM &, 7
BEAE 0 5P S L DNAY Hu 72 A 33 v 5 55 22 A
. Ik, HEEDNAFAR K I 28Fh =B 1
SNV M 0 SR Fh, TT RE AL HE — L BE ALt LA %
DX 3B P A A D B, R RS S R A
AT REME T R BRI, TR BEDNAR AR ] L i
RSN B FE AR AR I H PP (Deiner
etal, 2017),
3.2 IFEDNAZ S FADH AN A R H#h i8]
HE XS TITE SRR

T 1R b et 22 B (X 4k, B S RE
FEMAEIS 26, il O B g ARt 75
HE YN B O M S (Garwood et al, 2019), 4%
F IR BRI AT RESE = o BTEA, BB T A
1380 b A A1) s 0 7 2R 6 1) 0 28 22 A X VT 1 9
A=) 2 REVE AR B AR I 7K 3l 5 0 1) P R
JEF e B (L IG5 2023) A REIT A EDNA
FARTE BT 175 I 1 0 V) G 0 3] #1255,
Forp B A 8 2527, 5 L oN49.1%, AR
F6 7 B R R I SRR, [ P AR 1
it T AR R 72 B TR RO . Eik
WE25(2023) I8 PR DN A H A TE KT A 31 8.2
5580, AR KU H 8 38 8 B Y 81.8%; % il 3L 4F
(2022)FEERTLIAT AN 2] f1 25175, FHA BRI O
J5 b 0 65.7%; 454115 45 (2022) 76 BR YL IA] A4 AT 1
ARG I 2 £ 2K35Fh; ZouZs(2020)EBRYT I R 7>
TR MR I B 2R 5 TR . BAR R R BRI
Y RRAE AT KR AEE 22 57, (A EDNAR A

TE AT 1 b £0 238 22 B PR F 5 R (00 20 B 3R
B, M AL GuR B 7 TE R R oA s, X
MARNR LN RFERSSE, ZHEACRME —
E IR

H AT, M EEDNAZ 50 AL O J it i
DX 3 1) 2 FH v Ak T R AP B B, T HAH B S A S
WA TF B, FLA R I 5% 52 3 22 M R 2R IR RS
W FC XSRS RRAE . SRAE TR SHEAR M)
SEHREE . FESIMRIYIR X R 1. Bk, B
PRI RE A B 8 S R R A B 2 I le DN AT 3
AR A, IXAFAF XS B A& A AT I F ) e DNA 5 A
W) 2 1) ) 7 1) AH 5% 1% B & (Strickler et al, 2015;
Lamb et al, 2022). Kk, FHEIR/KAEE, 0] 1L HEH
IR K AZIC, KAV B A E, 520 35 S R K,
FLMERR B KA Y, R BH 4R SR 2, KRR
FER, ARITHGEE, KPR IR BRI eDNA
TEIR S5 R (1) 47 B I B) A2 4, 4G DU 21 ) e DN A RE % 5
UM S B TR 0 2R EVR S R R SEBR TSR, A
L= B 2 (A AH G P4 B2 5% (Thomsen et al, 2012a;
Yamamoto et al, 2017; Jo, 2023). &, T EKFEER
PRFRNS TR 2 0 R PR B . IRE
DNASIH N I K & SEeDNA, HANKFERRLR
A EAE0.5-2.0 L (Tsuji et al, 2019), {ELEAS VA
K B KRRV A DA 3 98 5 R AR AR KB F T
For U ) 58 2 (AR (AR L 5S, 2022) . S35k, B
H b B R 5 3 R B 4 B e 4 Lk 5 4y
R R Y Z A0 SR T HIE BT,
2 Lo 2 7 F AR LA R, A 5 8l A HE
B L RE R R = KM e RS S A
X B AR B 2 I 25t o FEE RS BT
DR b, 5 K5 e 3R AT e A b X B, 7 R A A N
bR AE; EHT IR 5 R, FEEA T w
VA B T 44 53 5 P 0 DX 3 S50 R A 12 LA s ) B
I T LR AL SR AR Hh ) 25 RS AU B, AN BE % i
AR E TR, R T AR
FEHIUARAS BIEEM, $2m 7 HBEDNAT A 1)
R (R TR A, 2021) 0 UEAN, BIHIIIHIRRIX 2
RE T LA S 58 s G 1 A 2 5 550 1 0 e 7R 7 AR
W2, TIREAEI 745 A HER(Knight et al, 2018).,
AT 5 AT () 12K 22 31012S rRNA 5| ¥ MiFish-E
f 7 A8 X A AL 8 A B A 1 28 2 5 AN [ 4y
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KMo, HAMMEEEZ R DS BE Sk
(Nakagawa et al, 2018; ¥ {il L5, 2022). HiZ5|Y)
WAFAE SR IR, i RS ALMRh 2 R R = 2 9% f) A )
5, ARSI B AR AR Th T 5 P 2
L eDNA H A0 25 F 4 3 £ 245 S5 AN T 36 i A 9 1285
B 7R 2 ar U ) H At HE 1 2P R, Wi S g IR AR
(Miya et al, 2015, 2020). 58 A\ R TEERE 51 I AT
BT AMYFR R E & BRI B AL IR, 50
Z X5 BT .
3.3 ARG & SRR KOEB A

K S 3 AT 36 3 5 e 3 b B AR 1ok
WA R IR BN BT A, R
H A I A S AR 2 AR (OB 145, 2019)
BT 58 DX 33— 2500 V) 22 = G W1 V) i 5 M TR T AR AR
U R, 2 W 7K SO 38 M AR O e (9% AR A5
2018). fRUftEH K — PR TR I, %
FIA R E BN, KRS AR, s i 7K A
MR Z BN BEBOR, KOS R e, =
WA KRR ENG, KB, REKH, HiF
i, AU E S, AR IR R, K
SCHEEIR R Al AR iR AN R
WA 2 SR, K SO @ B h 25 (T A%, 2020).
KHEFEH, Chao 14REURIACESR (P # 1EAE A%
B T PSR T R S, P BT R A 3
W 7 WA A — 5 B TSR, {H S A )
FlE G, HARIE 128 5 REIE A 75 1)
FE AN [7) 9 0 W 78 2 1) 52 30— B AR A a3 .
Shannonf& 2 F1Simpsonis #0755 It AH 5] R R4
TRENATCIR R E Z R R B A L
T HABPRENE, WA MR, I HA
MEHH S EE S o XA T R U (the
intermediate disturbance hypothesis), B[ =2
P 4 RF 72 T P00 o 18] RUBE (Connell, 1978). Sousa
(1979) 38 3 BIF 70 9] [ 17 52 H VIR 5 M F) AN [R) K/ A
b T M ) B R U A5 AL R B A5 RN I B A
EREZFERIYFIEETE . Evangelisti®(2013)% ¥ ith3
ANANTE) R FE B FE HOUT g K S REAT K FE 16 rRNAJ
Fe, [RIRE R A IR EvE AR A5 B B KA e K
2R, SRR GG HIEF B A S R4
R, ZGOENEREE R BN T 0, B2 R
HRT—gmha, B =2mm s s

O’Donnell%5(2017) & BleDNA /745 51| 1) 2 FE 5
HAEIERL R E RIS Ak, B B9 5 8 B 4
n, FEE N, MAE BT, FEER S AEYH
SUBURLA /DI, ML AR A AR o Ui 4R 31 1) =
AT, NI R T A 25 2 R (R E ) IN
MER, FEHE I T AE B A H LR E T [F — 4 b
I AT RetE . A FEH — sl va A i S A
WA RS, FiESEEEME, NiESH
Fiti T TE AH 2, HEW 2 2% i NG A2 A0 AR = S
AL BN Z )M JeDNA.

[GI e AN ik T b =2, 114 7NN 4 i ) A
T2 AR 7K SCZE 8 5 R PR VA s, HEDN S v
ASHIERHEA F AT S8R 72 506 % 8K
ZE e F /KM, I 7K ST S 5 R KPR VA AR O
Ry ol KL — € R SRR e b 1T & Al
RERR 35 & PR AR (K R4S, 2010); <= phl K 2
Kk vy, 5380 G, FLBK, BiEk
W, S s TR 51 H 522K 1 58 £ SR AT Tl
(Yin et al, 2020), T F 72382 B =M P10 B2 R
JE £ f 1 B R SR IR R R S, 2005), Rk, 7K
OG0 P B K ) — RV RE R R R B KT
=, FFH R 7 5 R . fRAE
NI A SRR AR S A e T E
PRER, JF HH 4@ XHCEE R KRR A A&
TP (ZEBEEE, 1997); 7K 505 (2020) K IR 4
TE#5 BE1S I 2640 N A S A0 110 38 2 28 DL R eI 1) 1
BRE. 5 ERFFREE IR 8 05T X — i
(1) 35 B W AR T =20k, e LBl VA 25 ) 34 i 2
I HE B S A, TR 1P B A FEAE = J0EE R
&A%, HFOARMFAER, RDAHEF KRR
RRIESERSE NN I

AW FAL FH I B DNA Z 5k A B PR A 1 3
T SRS AR SRR TR R B A, A
855, Hrp AR ST R ARAS b 1 SR8,
PR AT H oo i 5 1 s e < b e Sk
TS BRI BT 5 i I M 0 v 0 S e 4 R
WA YE S A R BeAh, W FURBIA [FK SCEE
VE (AT 8] S SRR ALK 5 ZAEEANR], e
HEVE SRR EE R ORI PSR DAL % i £ 5
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HEmE: BT IMEDNA %

A TP AR 35 5 R R A5 S B . v T A 7 2
W . 6 PR 81 7 RE R £h (Si0sT-Si) .« Al R £k
(NO; —N). pHfH. #hE(SAL). #E(NH;—N). %
%ﬁmm%ﬁﬁﬁ%#ME%ﬁ% iR g RIS
7K LI R 1 3 e 5 K ST Ak A 2 S e £ SR ) ol
RS oA, ARG E 2 8] BT 7K SO 5 T
ANESIEZ PR E e bR b2 B 2 7.
BRI BIDNA 7 & AL H R A FE 1 2 17

mﬁiﬂﬁﬁﬁ%ﬂﬁmﬁ\%&ﬁm$%¢%$
YEfabe B B A5 MRS, mH, \T3%
BEDNA ML A B A I fﬁﬁ%ﬁﬁﬁﬁ
ViR R A, XS RE T A EEDNAMKR L 7
HIEFE RV MAE ARG h M SLbr A 5+
[E&Z AU BAEESRN AR ETTE, ZHAR
HEBWE ). REE R S EMMAESHELE
G2 NH . B A H B AN 5838 K SR IR
TP HEAL, ZBORME 4 Bk il F By, 516400
P 7R 45 B R T A R S W £ 28 2 R M 1) SE B
TSR, VR AE 22 R 1 1 0 R W I 2 P Bt
A J1EHE CFF .
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