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Fig. 1

Sampling distribution map in the water-level fluctuation zone of Three Gorges Reservoir

Red dots indicate sampling location. For other color dots, the size suggests the number of sample, and different colors show different fish species.
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Tab. 1 Taxon and abundance of fish eggs and larvaein
the water-level fluctuation zone of Three Gor ges Reser voir

REEXE PR E number of IR MERhk
sampling  number of _ SP€CIMEN  nymber of identification
location sample 5 B  sequence of species
egg larva
FHCF) ! o 9 4 !
main stream
(down)
HEZ ] 25 336 3 52 4
Meixi River
RG] 1 0 1 1 1
main stream
(middle)
Vay=—a0| 3 0 20 8 3
Shilu River
BE TV 59 733 108 148 9
Modao River
R0 6 113 0 18 3
Tangxi River
W) 22 361 9 61 4

main

stream (up)

EALAT 15 192 0 42 3
Pengxi River

B FREAR, JLHE T 334 3 3L 41 DNA FEAR
it mtCO 1514 PCR Y3 . gifk. WF. AT
ROE LEX Mg R, 5545 334 2 mtCO 1751, 1
HOFHNEE N 624 bp, F5320 14 FAR[FFFAI2EHL,

i it NCBI BLAST #EAT R FIARRIE XS, L
FOARYE AT S AR, YEESRNEE 2
7o i, 10 ANJEARYE B, 435 R (Cyprinus
carpio)., fifl(Carassius auratus). [1#f(Hemiculter
leucisculus) . 44 Ty & W) #F 5% £ (Rhinogobius nago-
yae). 1B W)IF jE ff1 (Rhinogobius giurinus), 1
fi1 (Opsariichthys bidens). X fi& i (Acheil ognathus
macropterus) . # i ffi(Pseudoras boraparva). H
fi(Hypophthal michthys molitrix)Fififi(Slurus asotus);
3 ARAKE R E, o n W) EF g A& (Rhino-
gobius) . & fif; J& (Rhodeus) Al Hr K ¥F J& (Neocari-
dina); 1 MZEAAYFFSI T GenBank %4 /%
rh Ak i il (Rhodeus ocellatus) il & 14 8% filf (R, sine-
nsis) mtCO 1 J¥515¢ & —5%, Tk, Beak, 78
FRPOBERE R 1 DFES, ZF5) X5
B % B0 B oK ER g o
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10 Bk, 31 B 1Y 46 P a7 BN 648 bp mtCO 1
SER o e 80 43 M, 2 B Fp N 7 2 3 A% B R Ol
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Tab.2 Alignmentresults of fish eggs and larvae mtCO | sequences

B BERAREE M 9L T /bp HIRUE% g
species number of specimen distribution area length of sequence alignment  similarity
167 @@BED® 624 99~100  AP017365.11'7
fifl Cyprinus carpio KM492734.1*
KR861880.1*
82 @Be6BDO®) 624 99~100 KM261767.1*
fifJl Carassius auratus KR861803.1%*
GU086396.1*
20 @@B 624 95 KX898434.1*
W) BB 111 )@ Rhinogobius KT357638.1%*
KP694000.1*
29 ® 624 99 ~100 KR862013.1*
F1#F Hemiculter leucisculus HQ536384.1*
KF956522.1*
o AR B g il v e % g 5 ® 624 99~100  KM610905.1%
Rhodeus ocellatus or KF533721.11%
Rhodeus sinensis KM610891.111!
4 .
ﬁﬁﬁ%'ﬂﬁﬁ 3 ® 624 99 AB988770 107
Rhinogobius nagoyae
1544 J& Rhodeus 2 ® 624 93 KM610896.11!
120]
Frmr 1 e o
Rhinogobius giurinus KM610876.11
o 2 @06 624 99 DQ367044.121
Opsariichthys bidens KR862054.1*
_ 122]
e b Bl 10 @D 624 99~100 51;32349‘2211[231
Acheilognathus macropterus KR8617 45'1*
4 624 99~100  JQ979166.124
2
7 it Pseudoras boraparva KM610815. 1015
[ fie 5 624 100 KR862050.1%
Hypophthal michthy molityix EU315941.1*
3 624 99~100 KP112439.1*

fif; Silurus asotus

IN116720.11%!

E: OREFTW(T); OREHHEN; @RET W (1), @RFAHH, ORKREIE; ©BEN; ORETH (L) ORKZE

). xR R EYEE F 1% GenBank, {HA K 3.

Note: O means mainstream (down); @ means Meixi River; G) means mainstream(middle); @ means Shilu River; & means Modao River; ©® means
Tangxi River; @ means mainstream (up); ®) means Pengxi River. “*” means mtCO I sequence has been deposited in GenBank, but unpublished.



5 6 1]

BCHAF: kil V% DN | AFHE A RS M E K oA 1311

ARBFFER I Ko Tk vfis xot = e 315 9% 1X 1)
FEARGEATFI S5 . e g5 R NEE 2 FR, 10 4
FAIEEFNFD, 3 AR E R E , AT PR E
FIFPH mtCO T PP 515 5080 4 v %) e 5 A AL
PEERBIL T 99%, J+H H5—ANFhICid; 5340,
3 ARAAE RS A IE 5 93% . 95%F
96%. BRT 1 AT 5 AR 5 b Fn vp AR 5 i 1) )7
G5 —, TIE X EIR, Hoh S e 2 AR
U YERR X A3 W Rh 250, DNA ST A% 78 i py A ]
1L I B 1) 25 S5 R UE A SE B R ) G SR . R
] e /N 35 A% BE R A I 1 A D e R s AL B
B, AR UK A H ik, A BT
B2, WUF =W X 8K T £ 25 mtDNA
S AR, IR SRR . HERTA) mtCO 1
BRI SOE BRI, £ X mtCO TR ¥ 31 G
XA R ETE & TR FhRie, Tl ok =iy
T DRI VL by £ O FNAT-HE (PP S g PRkl . MER
e SR T SR AR
32 ZIREEXBEHAELREFTRESTHIFME

2015 A =0k J2E X1 28 e 5 o) A 25 SR e B (15
WIRESE, RARRGERL), FEX T REU0)MEIR A
50 AFh o ARPEFZOAEME, WS A A AR
PEN TR OKE . BASE) . BRI, 25 B A
KA BT UL S e i, #8453 faZEn] LA R] i A
2T, e XK A T 95 8 BUX S [ T
A b B R R K, RO A e e, sl ATHE
FFR R TR, BT THESE . T X 46K
BB 43 77 (0P OF A0 28 1 7 B B[] 4 P AR AR 4
# 6 A4y, MWIEK IS SR, 2015 4 2 A
A ORI R BB BV, & 6 AT T AR
SR INET 145 m BT K AL, 8 H R AIK K AL
FintaTt, £ 10 A A = IFK [+ 2
174 m LU Lo BAIKEHEER B EZE 2 AHa)
o A Tf, HhEEMEZ4 A THE6 Ah
A1, A 2 ANH . HEEE IR R
(D) BR f S A HEBR I o BRI IE, APl = ok 22 [X 7
TR VR X A 25 R B IR 152 ), ARBIFSEAE 2016
4 AR 6 Ava), B =W X 5,
SR P DX RT3 77 R (DM B £ 28 B v 7 B 2=
X} B =0 R 150 km F) 330 km i S HFfHE 5

ST AR B A A f, I mtCO 1
F R EB 43 51 S5 5 HLRh 2k

FESICE LSRRI, 7E T 90 KRR R 3
RE S A, it 24 0, FEERE TR,
TP A3 CF OIS R B — 1 FE b o X
ST RS T U R HU SRR AE ARG, B TR E
FBE . JRRE, A KBRS, I ELRE
RAEM L NN, TR PEN SR T3 ()
MTWM(F)Z. 5B4h, Warae 5l @ AR,
SIS e B 25 BE X £ 2 8 A L T B 010,
JIF L 3 (L) X052 3030 96 F9 5% AL A R 7 o
W4 21 AR i HE 55 AN A TR X I B £

ABFFE R, 75T W) R SE SR & R
AR TR TR(T)Z, WRT =
e 26 [X. 75 3 10 G JE L R R . i
505 perera 25PN =k [ X f0 243 A k&
JRRFTELE BB AN, B DR X S B R
AFNEEE BN AR FPRANAE 5 D2,
1M H AR ARG A h e 2 09 X3, e B BS TR AE
YR A X0 T 32 ) 1 =0 PR X0 9 5 L B K,
(EL ] 322 5 B T G A 2B R AR X T B, BAE S
TR 0 2 W P A R PR ST . A A P R
PN T S Rl e = 9 22 X 9 %o L SIS L 9%
AEAT

S 3Rk

[1]  Shen G Z, Xie Z Q. Three Gorges project: chance and chal-
lenge[J]. Science, 2004, 304(5671): 681.

[2] New T, Xie Z Q. Impacts of large dams on riparian vegeta-
tion: applying global experience to the case of China’s Three
Gorges Dam[J]. Biodiv Conserv, 2008, 17(13): 3149-3163.

[3] BaiBW,Wang HY, Li XY, et al. A comparative study of
the plant community of the future water-level-fluctuating
zone and the natural water-level-fluctuating zone in the Three
Gorges Reservoir[J]. Journal of Southwest Agricultural Uni-
versity, 2005, 27(5): 684-679. [HEFE, FiFEE, 2L,
S SR R DX RV IX 5 B SR TH v X BAEAE B Y LU D). v
BIRE2AR: ASRBIERR, 2005, 27(5): 684-687.]

[4] ShenlJH, Zeng B, Lei S T, et al. Seed submergence tolerance
of four annual species growing in the water-level-fluctuation
zone of Three Gorges Reservoir, China, and effects of
long-term submergence on their seed germination[J]. Chi-
nese Journal of Plant Ecology, 2011, 35(3): 237-246. [Fi#



1312

o i K

%24 %

(3]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

20, WU, KN, & SWOKERE X 4 Rh—ARE R
b1 7K W 0 52 P4 S K X LA -1 R S R [0, AE
HAS2AR, 2011, 35(3): 237-246.]

Liu S P, Duan X B, Chen D Q, et al. Studies on status of

fishery resources in the middle reach of the Yangtze River[J].

Acta Hydrobiologica Sinica, 2005, 29(6): 708-711. [XIZ4F,
Bk, BRoRIR, A&, KUl B IRIURRTFE (0], K
LA, 2005, 29(6): 708-711.]

Wu Q, Duan X B, Xu S Y, et al. Studies on fishery resources
in the Three Gorges Reservoir of the Yangtze River[J].
Freshwater Fisheries, 2007, 37(2): 70-75. [55f, Bk,
TRISE, 45, KIT =X &K MR IRIUR ). ok
#all, 2007, 37(2): 70-75.]

Yang S R, Gao X, Li M Z, et al. Interannual variations of the
fish assemblage in the transitional zone of the Three Gorges
Reservoir: persistence and stability[J]. Envir Biol Fish, 2012,
93(2): 295-304.

Wang K, Li C, Duan X B, et al. Study on the fish distribution
characteristic of the Three Gorges Reservoir before 175 m[J].
Freshwater Fisheries, 2012, 42(3): 23-27. [, 2=, B
Rk, A SWOKE 175 m B/KATEZERHERFSE ]
Wk, 2012, 42(3): 23-27.]

Perera H, Li Z J, Silva S, et al. Effect of the distance from
the dam on river fish community structure and compositional
trends, with reference to the Three Gorges Dam, Yangtze
River, China[J]. Acta Hydrobiologica Sinica, 2014, 38(3):
438-445. [Perera H, ZE4hA, Silva S, &, =/KEAR X
o A0 SRR S A 0 RGNS SRR R I]. KAEAEY)
2F4R, 2014(3): 438-445.]

Yang Z, Tang H'Y, Zhu D, et al. Spatiotemporal patterns of
fish community structures in the Three Gorges Reservoir and
its upstream during the 175-m-deep impoundment[J]. Acta
Ecologica Sinica, 2015, 35(15): 5064-5075. [, E2T,
R, A WK EE 175 moiIe a0 X R v

B TR E B 23 A AR R[], AEAS2AAR, 2015, 35(15):

5064-5075.]

Perez J, Alvarez P, Martinez J L, et al. Genetic identification
of hake and megrim eggs in formaldehyde-fixed plankton
samples[J]. Ices J Mar Sci, 2005, 62(5): 908-914.

Pegg G G, Sinclair B, Briskey L, et al. MtDNA barcode
identification of fish larvae in the southern Great Barrier
Reef, Australia[J]. Sci Mar, 2006, 70(S2): 7-12.

Zhou M Y, Chen X, Yang S Y. Identification of several fish
eggs and larvae by DNA barcoding in Xiamen Water[J]. Ma-
rine Environmental Science, 2015, 34(1): 120-125. [E3E XK,
MRls, 2k, R DNA FIETEARN T |
fAHEMFISE RS RE (D). WBPEEREERLA, 2015, 34(1): 120

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

125.]

Mabuchi K. Complete mitochondrial genomes of five intro-
duced strains of common carp (Cyprinus carpio) in Japan
with 29 diagnostic SNPs distinguishable by restriction en-
zyme analysis[J]. Mitochondrial DNA Part B, 2016, 1(1):
261-263.

Yang X F, Ma Z H, Xie L P, et al. Complete mitochondrial
genome of the Chinese bitterling Rhodeus sinensis (Cyprini-
formes: Cyprinidae)[J]. Mitochondrial DNA, 2015, 26(4):
647-648.

Yamasaki Y Y, Nishida M, Suzuki T, et al. Phylogeny, hy-
bridization, and life history evolution of Rhinogobius gobies
in Japan, inferred from multiple nuclear gene sequences[J].
Molec Phylogen Evot, 2015, 90: 20-33.

Xie L P, Yang X F, Ma Z H, et al. Complete mitochondrial
genome of Rhinogobius giurinus (Perciformes: Gobiidae:
Gobionellinae)[J]. Mitochondrial DNA, 2015, 26(2): 321-322.
Wang X Z, Wang J, He S P, et al. The complete mitochon-
drial genome of the Chinese hook snout carp Opsariichthys
bidens (Actinopterygii: Cypriniformes) and an alternative
pattern of mitogenomic evolution in vertebrate[J]. Gene,
2007, 399(1): 11-19.

Hwang D S, Lee W O, Lee J S. Complete mitochondrial
genome of the freshwater fish, Acanthorhodeus macropterus
(Cypriniformes, Cyprinidae)[J]. Mitochondrial DNA, 2014,
25(1): 11-12.

Zhu X P, MaZ H, Yang X F, et al. Complete mitochondrial
genome of the Chinese bitterling Acheilognathus macrop-
terus (Cypriniformes: cyprinidae)[J]. Mitochondrial DNA,
2016, 27(1): 589.

Hittenschwiler S, Jorgensen H B. Two new species of the
land-locked freshwater shrimps genus, Neocaridina kubo,
1938 (Decapoda: Caridea: Atyidae), from Taiwan, with notes
on speciation on the island[J]. Zoolog Stud, 2007, 46(6):
680—694.

Keskin E, Agdamar S, Tarkan A S. DNA barcoding common
non-native freshwater fish species in Turkey: low genetic
diversity but high population structuring[J]. Mitochondrial
DNA, 2013, 24(3): 276-287.

Zeng Q, Wang Z J, Peng Z G. Mitochondrial genome of
Slurus asotus (Teleostei: Siluriformes)[J]. Mitochondrial
DNA, 2011, 22(5-6): 162-164.

Ward R D, Zemlak T S, Innes B H, et al. DNA barcoding
Australia’s fish species[J]. Phil T R Soc B, 2005, 360(1462):
1847-1857.

Chen W T, Ma X H, Shen Y J, et al. The fish diversity in the

upper reaches of the Salween River, Nujiang River, revealed



%5 6 W BCHAF: kil V% DN | AFHE A RS M E K oA 1313

by DNA barcoding[J]. Sci Rep, 2015, 5: 17437. of morphological identification of larval fishes by applying
[26] Hebert P D, Cywinska A, Ball S L, et al. Biological identifi- DNA barcoding[J]. PLoS ONE, 2013, 8(1): e53451.

cations through DNA barcodes[J]. P Roy Soc B Biol Sci, [28] Bao Y H, Gao P, He X B. The water-level fluctuation zone

2003, 270(1512): 313-321. of Three Gorges Reservoira unique geomorphological unit[J].
[27] KoHL, Wang Y T, Chiu T S, et al. Evaluating the accuracy Earth-Sci Rev, 2015, 150: 14-24.

Identification and distribution of fish eggs and larvae in the wa-
ter-level fluctuation zone of Three Gorges Reservoir

RUAN Rui', ZHANG Yan®, SHEN Ziwei’, LI Yan®, DAN Yan’, LI Chuangju', NI Zhaohui

1. Key Laboratory of Freshwater Biodiversity Conservation, Ministry of Agriculture of China; Yangtze River Fisheries
Research Institute, Chinese Academy of Fisheries Science, Wuhan 430223, China;

2. Fishery Resources and Environmental Science Experimental Station of The Upper-Middle Reaches of Yangtze River,
Ministry of Agriculture of China; Yangtze River Fisheries Research Institute, Chinese Academy of Fishery Sciences,
Wuhan 430223, China;

3. Chongqing Fishery Science Institute, Chongqing 401121, China

Abstract: Three Gorges Dam is a vital project in the development and harnessing of the Yangtze River. Water-level
fluctuation zone of Three Gorges Reservoir, which refers to the area along the Three Gorges Reservoir banks
bounded by minimum (145 m) and maximum (175 m) water levels of the Three Gorges Reservoir, has provoked a
series of ecological problems, which included soil erosion, reduction in ecosystem types, decrease in biodiversity
and so on. However, effect of water level fluctuating on fish of early life history stages in the water-level fluctua-
tion zone was not yet reported. In this study, the research area was between 150 km and 330 km from Three
Gorges Dam, where fish eggs and larvae, exposed to water or remained in shallows, were collected. Based on dis-
tribution of sampling places, the research area was divided into 8 regions, which were mainstream (down), Meixi
River, mainstream (middle), Shilu River, Modaoxi River, Tangxi River, mainstream (up), and Pengxi River. Ac-
cording to sampling time and place, and morphological characters of fish eggs and larvae, 132 samples were pre-
served, including 1735 fish eggs and 150 larvae. Twenty-four samples were collected in mainstream. But only one
sample in respective mainstream (middle) and mainstream (down) included respective one and nine larvae, in
which no fish egg was found. In Modaoxi River, a tributary of Three Gorges Reservoir, there were the most sam-
ples in this study, and 59 samples were collected including 733 fish eggs and 108 larvae. Due to insufficient mor-
phological diagnostic characters in kraurotic fish eggs and larvae, it is easy to misidentify in the genus or species
level. So, this study was employed DNA barcoding technology to identify the samples. DNA barcoding technology
could be used as a rapid tool to distinguish morphologically similar species, and survey many uncertain species
and species composition. Previous researches have shown that only molecular identification could guarantee iden-
tification of fish eggs and larvae to the species level. Through mtCO I sequence alignment, and based on mtCO I
sequences similarity values (species: >99%, genus: 92%—-99%, family: 85%-92%), the samples were distinguished
to 14 types, of which 10 types were identified to species: Cyprinuscarpio, Carassiusauratus, Hemiculterleuciscu-
lus, Rhinogobius nagoyae, Rhinogobius giurinus, Opsariichthysbidens, Acheilognathusmacropterus, Pseudoras-
boraparva, Hypophthalmichthys molitrix, and Slurusasotus; three types were identified to genus: Rhinogobius,
Rhodeus, and Neocaridina; and one type mtCOI sequence was the same with Rhodeusocellatus and Rhodeus
sinensis. If fish DNA barcode database of Yangtze River or Three Gorges Reservoir could be completely and ac-
curately constructed, and new molecular markers could be developed for fishes that can be not distinguished by
mtCO I barcode, it would help to further identify fish eggs and larvae in the water-level fluctuation zone and in-
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vestigate fish resources of the Yangtze River. Cyprinus carpio and Carassius auratus had the largest proportion in
the samples, 50.0% and 24.6% respectively, and widely distributed. The number and species of samples in up-
stream of mainstream was more than downstream in the research area. It may be not only related to its topography,
and also its fish resources. In Modaoxi River, the number and species of samples was the most in this research area,
which contained nine fish species. The result showed that it was more affected from the water level fluctuating, at
the same time, it also indicated that fish resource were rich in Modaoxi River, which should be got more attention
in the future fish resources investigation and protection in Three Gorges Reservoir. This study employed DNA
barcoding technology to identify fish eggs and larvae collected in partial water-level fluctuation zone, which
would contribute to comprehensively assessing the effect of water level fluctuating on fish resources in water-level
fluctuation zone of Three Gorges Reservoir.

Key words: water-level fluctuation zone of Three Gorges Reservoir; DNA barcoding; mtCO I; fish eggs; fish lar-
vae; distribution characteristics
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