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Fig. 1 Fish egg collection sites in middle of
the Heilongjiang River
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Fish-F1: 5-TCAACCAACCACAAAGACATTGG-
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CAAAGAATCA-3P%, @57 PCR iR R 25 uL,
3% dNTP 2.5 pL . buffer 15 pL. Mg* 1.5 uL. iF
K IE 5% (10 pmol/uL) 4% 1 uL, KOD DNA R4
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7 min; 30 MEH . NS5 A, BUPCR 74 3 uL
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Fig. 2 Daily variation in drifting fish egg occurrence
at the Fuyuan sampling site

411 51 & 4= B /ABL number of fish eggs
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Fig. 3 Daily variation in drifting fish egg occurrence
at the Qindeli sampling site
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Fig. 4 Daily variation in drifting fish egg occurrence
at the Luobei sampling site

2 51 & 4= B i number of fish eggs

2.2 FHIEEXF

XoF 2% I A VLB R A 1 B il IORE AR, 4 X
CO I E My, FeFRIFH BN 625 bp A T 51
1201 %%, HhPoumit B 390 4%, #higFTB: 326
%, WALVTEL 485 Z%, FRERLIN EIA 20T 51 1) 5
G SO 8.76%.

¥R CO T3 7415 NCBI #ds B
YRR S 75 0EAT BLAST HexF(E 5. £ 1),
HrPAE 1179 50 thos il th i 132 FpepfEl, 5
SRS F I BARRIEE S 99%~100%, A LA
YE R, ET S 98.16%; Y3 22 SA I
INT 99% 0 P 5 s A, R E— 2P HIA
2.3 &bpFRsE

ZRHeXF, AE 1179 A fa bR ] DL R g fa
KM 15Fh, FETF 2 HIF S WA 15EEE 1),
Hrb, #EFL(Cyprinidae)faZS47 13 F, 435 ki fh

nobilis) . #%(Hypophthalmichthys molitrix), 3t 982
AREAR, HEREARE) 83.29%; A} (Cobitidae)
KA 1, NIRRT Bk (Parabotia fasciatus), 1
A 194 DA, HEEARD 16.45%; fREH
(Serranidae)fai2EA 1 Fh, AR (Siniperca chuatsi),
A 3R, A EREAREUY 0.25%.
24 HMRABNBERFNGZLE

WLEE f0 B0 IR G 14 % & I (D 6), $Eim . #hie
Al B 3 ANVLEA N R B R A TR
FU 2 BRI 2 m], Herb b T R e S R 2
W 2Z 8] i) IR Eo3 0) h 4% H S DR E Y 64.07% .
84.94% . 78.55%. LAupfiC' | ECHLE 1 G R G
A R A R 2, WoR R AL T2k
J5 6~69 h KA W . LA £ 51 s K RSF- 34 3
490.5 m/s T, RIS T B £ 25 7R B 3 G 7 B AL
TRAE S EIEZY 10~124 km BEEN, Hr
B PR T 14~72 km JE R o PLig 5 Eh15 FA]
HIR K A 96 km, BIPGut T By 8 =5
Yl T S A0 e, (HER4r 7= B0 3 5 B AR A
BN A EA, B8RS B A0 2 R A i R
294 196 km, BP9~ 003700 B AR HA .
2.5 ANREHRZES T

TE 15 Fhaerp, LT BOGINE] 14 Fl, 0L
%, EHASAYTBEAGIE] 11 Fh, A DLZe W fiy | 4R i
ARACSE AR, PCaE VLB E] 14 B, RIULEWY)
fif) . 7EA- VLB R IR ACE T o e b (B 7), b
VLB A AL TR RV . 9 F Sk s A0 DL [ 28 ) i o
FE (235K 47.08% . 23.41%F1 14.25%) 5 &, 115
FIVTE % DTG | W M6k A fi 1) 50t o5 Lb (49 3
H62.03%. 9.54%F1 9.26%)% m, PLimiTEL )N
& . R A | 6o 09 50 5 e (o 3N
43.56%. 12.61%. 11.19%F0 7.29%)4%w:, HoAbAh
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Fig. 5 Neighbor joining tree of drifting fish eggs in middle of the Heilongjiang River based on CO I gene sequence
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Tab.1 COI gene sequence comparison of drifting fish eggs in middle of the Heilongjiang River

CO I #:H FF % number of CO I gene sequences . GenBank L3} 1]
Pifh species FRLEE S 100% 99% < AL <100% &t hapl(?t;/;e GenBank alignment
similarity=100% 99% < similarity<100% total sequences
fifi#} Cyprinidae
HEZ 0 AL Leuciscinae
¥4 & Ctenopharyngodon
il Ctenopharyngodon idella 137 8 145 Hapl-6 MH664230
i J& Elopichthys
% Elopichthys bambusa 15 10 25 Hap7-11 MH664232
#A B} Culterinae
&8 Hemiculter
DG & Hemiculter bleekeri 121 30 151 Hap12-27 MH664186
)& Culter
FUMEA Culter alburnus 94 13 107 Hap28-37 KX244762

(f$%% to be continued)
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(8% 1 Tab. 1 continued)

CO 1 {54 number of CO I gene sequences

B4 {7 00 GenBank X} %1
Y species ALEE R 100% 99% < FH L <100% At haplotype GenBank alignment
similarity=100% 99% < similarity<100% total sequences
figJ& Parabramis
fify Parabramis pekinensis 58 6 64 Hap38-42 MW649787

#H 37 &l Xenocyprininae

filf )& Xenocypris

R A Xenocypris argentea 3 9 12 Hap43-47 NC008682
fif) I &+ Gobioninae

)& Sarcocheilichthys

HRACER Sarcocheilichthys lacustris 4 1 5 Hap48-49 NC022934
R0 @ Squalidus

i Squalidus argentatus 20 10 30 Hap50-59 NC023336
Rl J& Rostrogobio

W] Rostrogobio amurensis 6 0 6 Hap60-64 NCO033965
e il J& Saurogobio

Wkl Saurogobio dabryi 9 3 12 Hap65-67 KF612272

ik fE WAL Gobiobotinae

B¢ )& Gobiobotia

W% [C i Gobiobotia pappenheimi 0 115 115 Hap68-90 NC032293
i 7 & Hypophthalmichthyinae

%)@ Aristichthys

i Aristichthys nobilis 3 0 3 Hap91-92 MH664223
fif§ )& Hypophthalmichthys

fi Hypophthalmichthys molitrix 265 42 307 Hap93-120 MT853034
#%F} Cobitidae

VBB Rl Botiinae

BV JE Parabotia

AEBERN VDK Parabotia fasciata 0 194 194 Hapl21-131 NC008677
fig®} Serranidae

#5F F} Sinipercinae

45 J& Siniperca

% Siniperca chuatsi 3 0 3 Hap132 ON479122

Bl 6 MRIJe i 5 Ik £0 B0 AR iR A 7 I3
a. FERIGH; b, FZFM; e AT
Fig. 6 Embryonic development period of drifting fish eggs in Fuyuan section of the Heilongjiang River
a. Late blastocyst stage, b. Tail-bud stage, c. Pre-hatching stage.
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FERCINE] () fa B Fh e, B g L SRBE A
AL M BRI R BT R A R R B A 2,
HAth Ry /N2 . SRR, 7 FR B2 T 2510
SRR FE AT E B (29.52%), HLUR S B AE A
(15.70%), AEAK(2.54%), EMHH TitE i

T i R AR A S e (T 9.26%)4h, Hia
M, WAz, gARE0E 7), B2
B R R R L B BRI R g, BIPIEVB
(R A28 35t R R SR U A o E &, T B kT
BENTRZ

A3 BT A B K A v WS I B RP S L A ) A B
B He(E 8), STLBAFE B AR . Py

B ERRRA T AE T R RBI AP h (8 7), B BB 1 kg6 8 H)ME 5 A, DIDLIRE R
100 — __
Eifh Ctenopharyngodon idella
20 . - m ElopichtIh’yS 'I;):zrfbusa
g0 b o I B )1 [C%% Hemiculter bleekeri
B M Culter alburnus
& 70 + fify Parabramis pekinensis
g 60 | . W {8 Xenocypris argentea
g B FILER Sarcocheilichthys lacustris
o\? 50 b B {84 Squalidus argentatus
E B KWl Rostrogobio amurensis
R 40 - = . .
B i) Saurogobio dabryi
30 L % KRBk & Gobiobotia pappenheimi
W 3 Aristichthys nobilis
20 5% Hypophthalmichthys molitrix
10k AEBERI YK Parabotia fasciata
B 8% Siniperca chuatsi
0 L L ]
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Fig. 7 Species composition of drifting fish eggs in middle of the Heilongjiang River
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;«f 60 i i P 4R U Xenocypris argentea
§ i i i m bt Sarcocheilichthys lacustris
& 50 F | | i M EH) Squalidus argentatus
§ Py i i i B Y] Rostrogobio amurensis
g | | ' W lgf) Saurogobio dabryi
30 ¢ i i i W& [CHkEE Gobiobotia pappenheimi
20k i i i B 8 Aristichthys nobilis
! ! ! 5% Hypophthalmichthys molitrix
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% 8
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HHE Ay e DA H R S A
Fig. 8 Species composition during the peak period of drifting fish eggs in middle of the Heilongjiang River
The date referring to the first day of the peak period.
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F2(79.21%), HAFR 5 HLEAR; 5 2 k%7 A S
FOMBL 12 Fh, DR (17.86%) . fif(15.72%). £
BE B 8k (15.12%) FHSHE 01 (13.69%) 1 5 Fo 23T,
HAbA AL, BAEFTTESE 1 &G H 22
HyHEE 5 B, DAOLIRE R (79.69%), HIK Ak
PRk AE (15.94%), HAbFP 5 HAAR; 55 2 IR mE (6
H 26 H)HBL 9 Fh, LIURE N F(71.64%), HIK
il £6.(9.98%), HoAt A G AR . BB 1
WEEI6 A 21 H)HH 6 Fh, EZLINKE
(47.38%) Flid [ ki (47.62%) J 32, HoflFh 5 e
A o 2 R 6 A 26 H)LIAEBERI TP Ch 3=
(62.43%), HK AN KRE(16.65%) . 4R f1(12.49%);
8O3 WREEWG A 1 H)LIEBER VY 3
(71.17%), FUK M ER A (15.31%) F1 D1 [ 2 (8.65%),
HoAt A 5 R 565 4 SN A 10 H)LIAE
BRI VPR 3 (70.90%), Hk ik FCBRkAE (18.38%)
FIER AR (8.65%), AR LEAK, 55 5 R
BF(7 A 19 H)DIAEBERI VD8R 32(98.43%), HAthFh
i A
2.6 BEMEFEETWN

DA BN Y & A A B R R S A i, BT AR XS
FEPEFE B (AR 7 B 46,50 B9 C S5 Fh AR B0 B (3R 2),
PR VLB n b DL G & | BN DR, AR
i %k 2 SR, AW DA R — R s
AT B R o Bp b DL [RE 34 Fh, fik . 0% . M
fify i ARAGER . HRA . RV % SR, HAD
Sk DA A — AR B ALV B A £ B Rk R |
TEBERIVD B L3, wifa | 6k fil . ZRIGER
e fif A 2 SR, BT BOAE L UL RS DA
E AR, fE—Lfperh, Rifn 0 DIRE ., M
WA L B SE AAE X B R AR I e A
ZEGA . BALRE TGS, MR, &Y
iy . % EQBK AT | FEBE RV B0 BB TR
2.7 BESHME

D) A6 O A A S TN AR o AT 25 VL Bt B AE 7R 1Y
LRV (3 3), 3 MBI SRR S ) . 1
7 B 48 £ () RN T R S B (D) B AR Ak O]
B BUSARR I NS T g, Hrh, Bk
> A ERA], D AiE>E 4> H], R
AL B PP i Z R MK Vi o J WP > )

x2 EBERIDHEEREEIPENEZEHEHARD
Tab. 2 The index of relative importance (IRI) for
drifting fish eggs in middle of the Heilongjiang River

AR 2 MR B (IR)
e index of relative
Fhk importance (IRI)

species AH - -
i wes Bl
Fuyuan Qindeli Luobei
WAl Ctenopharyngodon idella 135.70 66.84 4.95
filk Elopichthys bambusa 13.31 0.30 6.85
U1 (R & Hemiculter bleekeri 2635.89 1893.34 902.51
FAME A Culter alburnus 417.86 7.72 6.19

fify Parabramis pekinensis 823.34  624.18 0.85
R Xenocypris argentea 9.05 27.74  38.17
AL Sarcocheilichthys lacustris 24.13 0 0.85
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Abstract: The Heilongjiang River is located in a high-latitude cold region, and the natural Reproduction and
early-stage resource occurrence of fish have their own uniqueness. Understanding the spatial patterns of drifting
fish eggs species and community structure is of great significance for the conservation of Heilongjiang River fish
resources. From June to July 2022, a monitoring study of drifting fish eggs was conducted in three river sections
of the Heilongjiang River main streams: Fuyuan, Qindeli, and Luobei. DNA barcoding technology was used to
identify the species of fish eggs, resulting in the acquisition of 1179 CO I gene sequences, identifying a total of 15
fish species belonging to 2 orders, 3 families, 8 subfamilies, and 15 genera. Among them, the Cyprinidae family
was the most represented with 13 species, accounting for 83.29%, followed by one species each in the Cobitidae
and Sinipercidae families, accounting for 16.45% and 0.25% respectively. The analysis results showed that the
species composition of drifting fish eggs was mainly composed of small fish such as Hemiculter bleekeri,
Parabotia fasciatus, and Gobiobotia pappenheimi. Community diversity was highest in the Fuyuan section and
showed a decreasing trend upstream, demonstrating clear spatial heterogeneity. The relative importance index (IRI)
of important economic fish species such as Hypophthalmichthys molitrix, Ctenopharyngodon idella, Elopichthys
bambusa, Culter alburnus, Parabramis pekinensis, and Siniperca chuatsi shows a significant decreasing trend
from Fuyuan (downstream) to Luobei (upstream), implying that the spawning stock in the Fuyuan section is larger
than in the upstream sections, while the resources in the Luobei section are facing decline. This study suggests that
environmental factors and overfishing are likely the main factors affecting the early resources of important
economic fish species. It is recommended to establish fishing bans and closed seasons in spawning grounds,
reduce fishing intensity, and conduct long-term monitoring studies of early resources such as fish eggs and larvae
to scientifically protect and rationally utilize Heilongjiang River fishery resources.
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