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R 55 Hr i) IR 4B 0 2 A S5 30 1
FASER K1

kW FUE NEE IAZ HAX HAHE
EEN AR Rk BR OMEZ

WAL R BEASE 830052

WE: N T ESURST R REES (Gobio acutipinnatus) JEGFR IR HIFIAED, T 2021 £ 7
H % 2023 4£ 8 A, (EHURFFHA A TR B 510 BAREs . RALSGRAS MG TEDS ST
Tk, X ARUEHE TR B ) — PR AT T RS HR . Ll g, [F S E RS AdR S Rl
FHa R F AR RBT R SE. SRR, ZREHRER R “—7 78, WiGnERE, S
By JRERGE R 7 TR, PINREUE, AT, bR v SR VM AN AT, AT ok
FEFRETAN, SCRERAANEDIR, A E TR, SRR X, TEACHE WY R — K — R
Ry 32 . HuaE v Tt S eg st fy 25 AL f#0FE 25 . (Dactylogyrus gobii) 18 )5 W as 58 A A LI —5L,
ORI TV A RS AR B 2B T 30U 5 U] S S g 8 30 1) 4 P LR 4 syl fig PR e . BT 18S-ITS1-5.8S rDNA
J7 5 S AR L (D, cryptomeres) FHALES R, N 94.04%. #TEIA S O PR IR dUs AL BE
BN 0.039 ~ 0.268, i, S5%AETH (G gobio) KIFHAEIN EIBHERE B/, A 0.039, #T
18S-ITS1-5.8S rDNA J F1 i F e K AUSRVE AN DL it @ (0 R G R B W T, AR 70 2 AR 3R e
A AR TH TR S BB IR . RRIBIE IR R, XIAEIR R (D, finitimus)« BEEFRIF R (D. squameu)
#ETE IR R (D. gobiocypris) TN—3L. UK FHIRILIRIRY, &4 T IEEHUTIIT 6 IF ot
W, ZARER HUR R E — A B S
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Abstract: [Objectives] To understand the species of Dactylogyrus that infect Gobio acutipinnatus in the
Irtysh River in Xinjiang, China, this study collected 510 ind of G acutipinnatus from the Haba River (a
tributary of the Irtysh River) between July 2021 and August 2023. [Methods] Morphological methods and
molecular biological techniques were employed to identify the Dactylogyrus species collected from the gills
of G acutipinnatus. The morphological characteristics of this species were illustrated, measured, and
compared with previously reported morphological data of Dactylogyrus parasitizing G acutipinnatus from
both domestic and international sources. The 18S-ITS1-5.8S rDNA sequences were amplified, and sequence
alignment was performed by BLAST in the NCBI database. Based on the 18S-ITS1-5.8S rDNA sequences,
the base composition was calculated by MEGA 7.0.20, and the Kimura-2-parameter (K2P) model was adopted
to calculate the genetic distances between species. PhyloSuite was used for multiple sequence alignment, and
the best-fit model was selected through Akaike Information Criterion (AIC) testing with ModelFinder. Based
on the selected model, phylogenetic trees were constructed by both Bayesian inference (BI) and maximum
likelihood (ML) methods to validate the phylogenetic relationships of parasitic Dactylogyrus. [Results] The
collected Dactylogyrus species had a straight line-shaped dorsal bar, with two ends protruding backward and
slightly wider in the middle. The ventral bar is straight line-shaped, with narrow ends, extending to the front
and slightly wider in the middle. The copulatory tube is a thick bend, with the thickest starting part and a thin
tail. The accessory piece is thin tubular, starting from the top of the copulatory tube and bifurcating at the tail
end, forming long and short sheet branches at both sides of the copulatory tube (Figs. 1, 2). Consistent with
the D. gobii parasitizing G acutipinnatus of Kazakhstan in the copulatory organ and opisthaptor, the D. gobii
parasitizing gills of the G acutipinnatus inhabiting the Irtysh River, China was identified as D. gobii
according to morphological characteristics (Table 3). The characteristic structure of this parasite differed from
those of other Dactylogyrus species parasitizing Gobio. The opisthaptor shape of D. gobii is most similar to
that of D. cryptomeres, varying only in the ratio of inner root and outer root for anchor, which was 4:3 for D.
gobii and 2:1 for D. cryptomeres. The copulatory organs of both species of Dactylogyrus are curved tubular
structures. In D. gobii, the accessory piece is in the form of a thin tube, starting from the tip of the copulatory
organ and bifurcating into two branches, one long and one short, in the middle and rear part of the copulatory
tube. For D. cryptomeres, the copulatory tube was relatively thick, with an enlarged top, and the accessory
piece is in the shape of a flake-like mass, with the terminal end forming a sickle shape. D. gobii, D. cristatus,
D. finitimus, and D. squameus possessed the D. extensus type of anchor, while only the anchor of D.
gobiocypris was of the D. wunderi type. In addition, there are differences in the copulatory organ between D.
gobii and D. gobiocypris. The accessory piece of the latter consists of two parts: one is horseshoe-shaped and
the other is semi-saccular (Table 3). The 18S-ITS1-5.8S rDNA sequence of D. gobii showed the highest
similarity of 94.04% to that of D. cryptomeres. The genetic distances based on the 18S-ITS1-5.8S rDNA
sequence between D. gobii and nine other species of Dactylogyrus varied within the range of 0.039 - 0.268,
and D. gobii had the closest genetic distance (0.039) to the D. cryptomeres from G gobio (Table 2). The
phylogenetic trees indicated that the D. gobii determined in this study clustered into one clade with D.
cryptomeres, D. finitimus, D. squamous, and D. gobiocypris parasitizing Gobioninae (Fig. 3). [Conclusion]
The results showed that the D. gobii was a new record species of Dactylogyrus in China.

Key words: Dactylogyrus gobii; Gobio acutipinnatus; 18S-ITS1-5.8S rDNA; New record species
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B0/ RK 55 ] A2 R ) P —— 2% A Il AL VKR 1
Bl BRyme, AR R R 1L U R 3, i BT
G2 R RIFEIR T BRI SCRICNG, B AR
R R PG A E . BUR IR0 R
HARZAME A, WAL X A ey, &
TG, AFMRA LK AR
A FEAFERAEK mlvk)EfK . 2=
RS B KRN R K, R AR BRI S
IKFEREZE T —HUARRIA KA. BURSE
B Ay Z e E B s, 2R
MABRAEY 2 FE R e ORI X i, 2R g
(Gobio acutipinnatus), /NERIKMEMIE, F
JE T8/ H (Cypriniformes) ##F} (Cyprinidae)
#)9V F} (Gobioninae) #i)E, &HriEHE MK
— (FhaxsE 2012), B MO T FIA . A bEhH
12 1 E BUR S BRI A )iz (RS
2002), REZMMMHF (EheiEss 2018, X
LA 2021). HASENAE /5, BEREAN
BRI S KRB BiFeccmt, W
A DAE R S A T SR 3 ey ()] 18 R IR
WS (GRIESE 2018) . SMEEHIZ HIAE N A BES
1 (Esox lucius) “FREYEESHIEERL, FEORYT
ARSI S AP i 22 A DT TR B X

T8 H (Dactylogyrus) 72 F5E W NP Fh
B E A AR M 2 —, fE AR I 1000
B R DR IOAE £, HEA—%
15 E4RF = PE (Gibson et al. 1996, A5 GE%
2020). fr¥HHUIE L 5 R AR B S T e 3, 5
e E )z bR A, PRAR KRR RN,
5oz 2 ARG, IA&emTE £ IR R
4i)HE (Jalali et al. 2005, Rahanandeh et al.
2014), ™ B GHRIA U 28 A 5) 52 240 1A
&Y% (Dove et al. 1998, Tu et al. 2015), MIfi
SEOIEST . TR R FEERIE)LT
JREEMBITEASSHFE (Benovics et al. 2021a),
HEEERRA R RERN, UKEEESFEE
TEEHEAL (Ling et al. 2016). 70 TR
RIEGERH TIREF 55 FHEDNES, iR
WU R ettt 7 EREm b, Bl &

BREAE R A0S T 49 BRI R (RF RS
2000, Gallietal. 2010, Cheng et al. 2023). #H
BT Ay E, SRR HU5 1 80k 5
>, HurfE NCBI %4 A 5 %
18S-ITS1-5.8S rDNA ¥4, 73 J3 75 A= -85 . #)
il J& ( Gobiocypris > UL K 7 il a1 )&
( Pseudorasbora) 135, WRKIR N4 T-#ifa
(Gobio gobio) HIFSEAEI K (D. cryptomeres,
GenBank J7%41%5 AJ564123) ., %54 T (1 E# (G
albipinatus ) 1] X 348 ¥ B (D, finitimus ,
GenBank J741%5 AJ564133). 2L F-Hifa b
( Gobiocypris rarus ) [ # ]l 5 3 (D,
gobiocypris, GenBank JT515 OP441417) FFF
T M (P oparva) B EBEFEI B (D.
squameus , GenBank JT %l 5 AJ564156 Al
0Q598693) . AHT FUiH L JE A A 4RHIE, FFHR At
Iy T oy AR, WO BT A () FE A kAT
TEN e IR, B NI YA 5 5E S &
G BTN BRI, DA S IR E fe A
HYIFILSR, FONE S TR AR TR

1 HRETE

1.1 FEACRE

2021 £ 7 A% 2023 £ 8 A, TEHURFTH
TS IR s 510 o X Er )t 2K kR
AT, dm5, WEMDFEE. AEKHF
FRE . fRIMEIIREE (R aEFmY OhE
BE2EB KL LE DRI T SR S L% 1981,
HCR SE R, B TR Emn A B R K,
PR — BT B T R R, RIEAE
HJ K R BRI A A B AR K A /N B B 9 L
W, TR ERAET 1.5 ml i EP &, &
BRI 75%8% 95%M) L BESE T 2, - 20 C
717, HTIELE K DNA 2. ASLIGFT
B SLI S EERN B A SR AL VR AT, BT R
B RS . %A A B R R Aok s
WEYMC IR 2 it (FATiESR 'S 2019021).
1.2 HEXEES5NE

W ORAZETE 75% LW 1) 56 8 AR
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th, @5KAHEE, BEETEHFNEI F.
BEJS, AN 4% 5K MR- FLIR Y i, AT
geta st (HHEAE 19800, EITJERE Eclipse
E200 AR EEJe BeREpL (i) FIR A A
M EE BAKIITE A, £ OPLENIC Pro #¢FHEAT
FARE, IR FE il sk BT A EE 2 R AR 1 45
o WA ot AR PR S5 40 5 SR A DG R
b, BTSSR (REESE 2000, Galli
etal. 2010, Cheng et al. 2023). Fiil| difdbrAs
TRAE TR BRIV K S BN R 5 5 Bt 7 2 U2
W= (FRAS 9 XIDG240701 ~ XIDG240715).
1.3 DNA EEKJE

HURAET 95% L B RS i, 2220
VelE, ET3H TE 2P (pH 8.0) (/NS
Fr AR LI, R 22 BRAE b ik B 1) S
W2 TE 2iRG, ¥ AR mI%EAN 1.5 ml )
EP &, TR S 24 K Z4H DNA $2EUAF
ERRAENR (dbsD) A RA R Sk
& DNA, EARERAE 7 1R IR Sl B 4533k
1T o VB MK 18S-ITS1-5.8S IDNA JE5I1E
HEOR B, HATAYTRE (L B R
ANEA RS ST (5'-ATT CCG ATA ACG
AAC GAG ACT-3") FIFJ#5/4 IR8 (5'-GCT
AGC TGC GTT CTT CAT CGA-3") (Simkova
etal. 2003).PCR J J¥ifA £/ 25 pl: 2 x EasyTag
PCR #BHIE AT 12.5 ul, DNA FiR 2 pl
(10 mg/L), ETWHEIIP4 1wl (1 pmol/L),
ddH20 8.5 pl. PCR JJiZcFA: 95 CHiAR
5 min; 95 CZ: 1 min, 50 ‘CiB‘kK 1 min,
72 ‘CHEfH 1 min, 40 {XAEFS; 75 ‘CAEAH 5 min,
& IETF 4 “C.PCR P24 1 %5 IR BE B FLYK
VA IS B AR PCR Feomit A TR
VTR (R RhERARNF. W pgs
% BLAST f1 DNAMAN ttst ), Fifg a4 b
£ % GenBank.
14 S TFRERESH

M NCBI £ 45 e i B 28 Fi 5 T3 /741 5%
FEOE B R A AR RS R T RAKE

St (R D), LMUIRHUE (Thaparocleidus) )
REWMKE (T magnicirrus ) & H 1B
(Ancyrocephalus) HIBFEEEEIR B (4. percae)
NANERE. ] MEGA 7.0.20 (Kumar et al.
2016) BAFTHE P A B S R, RS
i (Kimura 2-parameter model, K2P) 115
FFEEAE BE RS . R DLtk (Bayesian
inference , BI) il K L8 ¥ ( maximum
likelihood, ML) M RGIKEM, KT
A PhyloSuite v1.2.3(Zhang et al. 2020) ¥ {4,
H MAFFT (Katoh et al. 2013) 472 #3741tk
Xt g ¥ Xt 25 -5 N PhyloSuite H1f#*) Gblocks
( Talavera et al. 2007 ) #t471& 8, f# H
ModelFinder (Kalyaanamoorthy et al. 2017) it
178 M5 B Z N ( Akaike information
criterion, AIC) %%, 7Jllit+ GTR +F+1+
I+ R4 A SYM + I+ G4 1E g RAUSR A0 DL
Bk oy iz BRI A B B AU 4 XA . 38
it PhyloSuite #f] MrBayes 3.2.7a (Ronquist
etal. 2012) F DU, o7 g 6] 22 S A5 L 0y
gamma (rates = gamma), 21T 1 000 000 18

¥R % #l (Markov chain Monte Carlo,
MCMOC), & 1000 fUHFE 1 IR, #0 SCESS
JE£ A5 ) 38 ME 2 (posterior probability) KR
{4 H PhyloSuite v1.2.3 H1f#] IQ tree v2.2.0(Minh
etal. 2020) 4% & KB, M A RE
(bootstrap) BEATHIIE, 10 000 X HZHUFE .
7£ iTOL M3 Chttps://itol.embl.de/) BA & Adobe
Hlustrator 2018 % R Gt AR 25 A7 AL

1B
2 GR

XF 510 R tEsE AT A, A 128 B
HEMSZ R IR UG . HERAERRIAH 233 H, &
PeZHy 25.1%, EGLREN (1.8+£0.13) H (
~8 H).

2.1 HATERRHME
BT 15 MRS AT SRR A
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#1 HTRERE VKRR 18S-ITS1-5.8S rDNA /751 GenBank B} 5
Table 1 GenBank accession number of the 18S-ITS1-5.8S rDNA sequences of Dactylogyrus

used for phylogenetic analysis

R

Parasite

16+
Host

18S-ITS1-5.8S rDNA

GenBank %3t 5

GenBank accession number

Kbt
Sampling location

i L FRFR B Dactylogyrus suecicus TRINEE Rutilus rutilus lacustris MG792901 751 Greece

Y IRFRIR AL D, vistulae it Chondrostoma nasus AJ564160 #7578 Czech Republic
TR D, crucifer [ A 11 Leuciscus idus AJ564122 ##57 Czech Republic
WE B AR H D, sphyrna T R, rutilus AJ564154 ##50 Czech Republic
A L D. gobii” RAE#] Gobio acutipinnatus PP862693/PP862694 F1[H China

B 45 3R dL D. cryptomeres #ith G gobio AJ564123 $# 77 Czech Republic
X IKFEFR R D. finitimus HiEst) G albipinatus AJ564133 $#7% Czech Republic
BEERIF A D. squameus M4 Pseudorasbora parva 0Q598693 $ETL Czech Republic
¥ E8 HL D, gobiocypris WA #I0 Gobiocypris rarus OP441417 F1[H China
TUEARIRH D. lamellatus it Ctenopharyngodon idella AJ564141 ##5 Czech Republic
I FEH D, wunder HRITEK IR Abramis brama orientalis OP595732 1 [H China
BRFIRIR IR IR D, zandti %R )5 BRER A. b. orientalis OP595734 & China
WRHRFEIA H D. vastator il Carassius auratus KM487695 1 [E China
FEEIR R D. intermedius ) C. auratus KJ854364 1 [E China
HAMEIR K D. inexpectatus il C. auratus AJ564138 $E7 Czech Republic
KEIRIAH D. alatus WK F1 48 Alburnus alburnus AJ564109 #5 Czech Republic
J&/NBIRH D, nanus P R. ratilas AJ564145 #5 Czech Republic
FKUNIEHA H D. formosus ll C. auratus KC876018 F1[E China

M ZEEIF D, dulkeiti i C. auratus KC876020 1 [H China
SNEFEIR . D. arcuatus il C. auratus KC876019 1 China
838 d4 D. hypophthalmichthys fiif Hypophthalmichthys molitrix KX369219 H1[E China
PEFEER B D, rutili T R. ratilas AJ564152 $E 5% Czech Republic
D. cornoides Abramis bioerkna AJ564118 $E¥L Czech Republic
D. cornu YR Blicca bjoerkna AJ564119 ##75% Czech Republic
PRILARIR . D. falsiphallus Luciobarbus maghrebensis KX578024 JEE % 5F Morocco

D. atlasensis L. pallaryi KY629337 &% 5F Morocco
BRI R D. erhardovae AN R. aula MG792893 El?lﬂjsﬁblic of Croatia
GG Wra R L D. leptus Chondrostoma knerii MG792871 ;S{Bi)ia and Herzegovina
SEE RN R D. nanoides (A EEFHED 1 Leuciscus cephalus AJ564144 ##77 Czech Republic
T haﬁ;iﬁ;ofli%dus magnicirrus o MH213066 Ml China
IR L Ancyrocephalus perca It Perca fluviatilis AJ490166 7524 Finland

* RKIRATIIY . “—” FRRTEHE. * indicates the species in this study. “— represents no data.

AR (B 1, 2, 3 D RHETES: Bk
BRI, EWESRAESFAHE, BAEK
(579.62 + 175.68) um. % (135.07 + 56.73) um
(n=14). REPX, FEESHSE. ZEHEMAT

Hfkdr R, AR ISR AR AL, ML
K (1256 £1.55) um (n=12), THHE
TS, SRR EEIEASHE M. 53R
LT ARG, X R . — AN B
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Bl HHES R B MR R
Fig.1 Morphological micrographs of Dactylogyrus gobii
a. B b, R o JFWAE. a. Whole worm; b. Copulatory organ; c. Opisthaptor.

B2 &g RIBERILT REMWE

Fig. 2 Dactylogyrus gobii and its sclerotized structures

a. B b, ATHERR: o JEWAY; d. B4 A . a. Whole worm; b. Copulatory organ; c. Opisthaptor; d. Bar.
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gER . —MIEBREE FR 7 LG N K.
PR 4K (19.39 +1.22) pm, HFEEFHIHEE
b, K (18.68+0.82) ym (n=12). WRIEK
Tohg%, WK (4.03+0.69) pm, #hRK (2.6
+£0.32) pm (n=12); #5:K (6.32+0.85) um
(n=12). HEG 2 “—” F8, Wi fE
M, hiEmgsE, K (18.40+1.35) um. &
(2.93+044) um (n=12). RG24« —7
TR, PRI E, A RGO E AR, Al B
£ (16.21 £1.35) pm. % (1.65+0.27) um
(n=10). WHNHRETE, BAHER
W\ Wi R8s, K (T~ VID (15.06 £2.16)
pum (n=10),

BT RAHAE, A7 fk s S s 2
A f)JE 10 2R (W HE BR HUEAT LRI (B 1D, ARH)F
FEREMIRRA LT 5245 0 1 T2 25 H #35 2F i
(D. gobii) HA—5, HELEERHIN “—7 F
AL, P AT RO A R R Y, AR
A ER,  HOCHRS O T3S HAE M, T
NHE, R W R A 43 3 S A I
W1 % 8 MR PR L

AHIE R R B B4 B0 53 0] 5 RE R 2R
H XSEFRPA L, MR IR R XIRAR I A
HEE IR AT (S 1) o SRR d
JE R AR TR 5 BB R 1 HU A AL, AR ek
B A RFIIN RIS FAEE 2 S, fhfa A
299403, RGEIEA LN 2 1 1. AR R
AR EAR, Fh R PR SRR A
AR, RGO RRA, TAREE e
XIER—K— RN, IR RSB
IRECH, TEBIZR, KRS AR R, R
5% YL NS

PN k=g NE RSP L =B N = A e =
AR BRI I B D. extensus B 9K
B, BB R ES, P fErd,
TEERIBI AR, TER: RS
SRR I A — MR I  XISFR PR
BT ARG, B, TR
B SRR R RGO 4G, s

Yo, BIEEREE. REHE T HE R
S5, B, Runftis SCRHRERIR
TR, WA I AR S, 93P R
MR . A HE IR i e KON D
wunderi B4, BRIGZ A5, #FE IR B S #l 4R R B
TR FWAREZES, 538 SCREas S 45
W, —H NG, —Wo LR,
22 GTRAINE

P HESRAS #4521 dL 18S-1TS1-5.8S rDNA
FEBARIEG, BAKEN1036bp, A T,
G- C R E 2508 22.01%- 24.13%-
27.32%A126.54%, G+ C S &EEmT A+T &8,
% 2 AN HAKR) 18S-ITS1-5.8S rDNA, S
GenBank #(4f5 /%, &5 5078 PP862693 Fi
PP862694, 71— 214 100%.

BLAST X AR KI5 A 78 Bri 7 310 41
— WP, (H 5 BaE i P HURE LR
(94.04%), HUCHDXIFEHA L (91.19%) K
B8Rt (88.88%). FET K2P HEAY#AL IE
BAEMERIR (GR2), #FEIM AL 9 FidEIf i
FERREN 0.039 ~ 0.268, S1A| @1 EHF A5
R PR S AL BB 40y, BRgERE A 0.039,
X IR FEIA B 0.055, #EIFEIA R 0.143. H@kfs
A 0.122,

ST BIRSE AL B B 45 B IR, SRR H
5 & W 1E £ 37 AR SRR HUM AL BRI, a8t
& BE BT
23 RGREHST

DAFE FR SR IR U 00 K 2 R ANl
HORH B R BRI O AN, BT 29
AN s} £ S BT 25 AR F A L) 18S-1TS1-5.8S
rDNA J7 51 R4 2 1) B RAUSRTE: (ML) A L
% (BD R4 BW M HEA—S (B 3),
FE N KRSSL, HETM (Carassius
auratus) HIIREEFSIA . (D. vastator). T E]45
Wl (D. intermedius). EMIEIH B (D.
Jormosus) . X ZEFRM N (D. dulkeiti) F5KIE45E
WH (D. arcuatus) BNE 7. 1E5H 4
S, AHIE TSI E A B R R O S R T A
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#2 BT KoP A ERL 4 T /ME3 B 18S-1TS1-5.8S rDNA 7 5118 £ PE BS AR R
Table 2 Genetic distance matrix based on the K2P model of the partial 18S-ITS1-5.8S rDNA sequences of
Dactylogyrus from Cyprinidae

YiFh Species
(GenBank #%*5 GenBank accession no.) ! 2 3 4 3 6 7 8 o
1 #483F B Dactylogyrus gobii (PP862693)
2 BAIEIR IR B D. cryptomeres (AJ564123) 0.039
3 XISARER L D. finitimus (AT5641333) 0.055  0.051
4 W3R B D, gobiocypris (OP4414171) 0.143  0.141  0.147
5 B8R d D. squameus (0Q598693) 0.122  0.122  0.126 0.184
6 TUBARH 2 D. lamellatus (AJ564141) 0.165 0157  0.170  0.195  0.157
7 FAFEH B D. intermedius (KI854364) 0.251 0247 0260 0290 0258  0.256
8 T/INEIRHL D. nanoides (AJ564144) 0223 0220 0227 0237 0236 0210 0256
9 DhZEFEIA M D. falsiphallus (KX578024) 0225 0222 0237 0246 0235 0221 0.261 0.076
10 4RI HL D. arcuatus (KC876019) 0.268 0.271 0.270 0292 0270 0266  0.199 0234 0237
_— f5 B . Ancyrocephalus percae AJ490166
RZEWK R Thaparocleidus magnicirrus MH213066
SRERFE IR Dactylogyrus vastator KM487695
17100 I—— Hia[F8 R L D. intermedius KJ854364
ERTE - HAMEIR R D. inexpectatus AJ564138
% NZEFSFR L D. dulkeiti KC876020
199 _E EWFEIA I D. formosus KC876018
1100 JIIEFEIH 8 D. arcuatus KC876019
TIEHEA I D. lamellatus AJ564141
BEF8ER R D. hypophthalmichthys KX369219

v WS IR D, gobiocypris OP441417

HEIR i D. squameus 0Q598693
XIRFEFR W D. finitimus AJ564133
#F5FR 1L D. gobii PP862693/PP862694*
LI [ AE IR B D. cryptomeres AJ564123
09357100 Y [RFEIR L D, vistulae AJ564160
KR HEIA W D. sphyrna AJ564154
KBEIEH I D. alatus AJ564109

B4R CHEIR I D. zandti OP595734

IR ECH53F 1 D. wunderi OP595732

0.99p/4( _[_ RCAEIR I D. erhardovae MG792893
1/100 FFAEFEIR . D. crucifer AJ564122
7L EETEIRH D. nanoides AJ564144
0.751/571f10 PR HEIR R D. leptus MG792871
0697 ThZ5383F 1 D. falsiphallus KX578024
& D. atlasensis KY629337
0.9/50) D. cornu AJ564119
1/1001 D. cornoides AJ564118
0.999/86 Y HAE IR D. suecicus MG792901
1/100 4B/INBFF L D. nanus AJ564145

B3 ZT 18S-ITS1-5.8S rDNA FFIMREKITEA R NHHRAK EH
Fig. 3 Bayesian phylogenetic trees based on Dactylogyrus 18S-1TS1-5.8S rDNA sequences
B ARR WU R I B Rl bR RN T A AL AR s * SRR AT SR

Values on nodes indicate Bayesian posterior probabilities/bootstrap values. Scale bar indicates differences between sequences. * indicates the

species collected in this study.
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N3, B HXIEFR R R BRI dUE
3530 Uy — 32, BEJa 5 TUBSRM AL (D.
lamellatus) + BEF8¥ 8 (D. hypophthalmichthys)
BR—30, BEHSHARERREN - R
GERAEAL R S5 AR, B30 i S RE0AR PR R
GRFRET, [FJ@1EFar A RRT R E R R
Bk .

3 Wi

FaPp s I B 2% B 0k 2 8 223 M LA
PR AS, FEER, wIEfE R B, JF
FEAE RUIRIPA I . 25 A B R IR et 233 1A E
HRIZH) MRS NI, NRITE R AR AE
P R E SRR LG . AT AT BUR
S Wi S B 7y A R R AT TR AR A,
B IHZARA BTSSR LLT, 4w e
W, IR E PR BB id s R, R RN T
HEWHBILT s sds. Bar, s
RHIASR T 49 PR B (REESE 2000,
Galli et al. 2010, Cheng et al. 2023), H[EfixiE
47 B, AHECT RS HAE, SR AR TR R
(15 F s S nE =, B ATE NCBI £ 1,
XA 5 % 18S-ITS1-5.8S IDNA 741, 24T
30 B} £0 2%, AW AT b S T HR BR
18S-ITS1- 5.8S rDNA 41,

3.1 FEANRE

FRER R 7 BRI AT AR AN S 38 I LT R
LER ) R /INFIFEIR (Sharma et al. 2011, Wi /R
T WIRESE 2020). AHFF KA SE FR dE
SRE 7R WEE RS , B
LRV BLE SR, R PO S,
TR LT —K—HA N3, 5 Gussev
(1985) Xty R IR AR —5. BN E
GEREIR, A FUsh e P B AR/ NG
o E AR E SIS A L (Gussev 1985) ) 1.4~
3.0 fiF, MACHAR . I R K L N H 0.5 fi%.
LIRS Cheng 55 (2023) MR —5, H
fiath . EWAIE AR ECOCTT A B b R A ) e
TR LS Yao 25 (1995) 7EPY 114

TREL M R AR s TE A R 2 A%, T
JEW S AR EN AN A RJLT S
FR/NEIAEA, Mo (1991, 1993) B S BLEH I
Btk ts = H (Gyrodactylus salaris) 1%/
By, HPEANIEERSS R 3 MOAFKIR T (0.8
10.0~ 18.0 'C) MRS R/NEAT TRIEE, K
IR 3 FhEE R R SFRE KR AR 2 I 1 2
RS, HTERBWAH R . FE KR
i, LT g R B RS IR s TR AR
KR T R, RS Z2 18 15K . Appleby (1996)
Xt G callariatis JU'T FREEHBL R LB 45 H
b KR 3G I JLT A M RN, [z
IR e ARIREIFEIE HURETATRE FE, 40
IR S5 Hrin] i LRI B KR i R A 21.4 °C
CHTAETSE 2021, HH AT AIBFEER LT 0
ZER)/NT Gussev (1985) Xt B4 U IR 1) Jif
BRI AT fig 5 215 IR S A G
BT, FE RS B ER s R
W4k b DA St A8 e 8 55 LT o 4 A onf FLadk AT
VMBS %08 AR YRR A IR ERSS TR,
RZW LG A 17 AFKA (Galli et al. 2010,
Benovics et al. 2021b), # WIIEERSE i K80 H
D. varicohini. D. wunder. D. cornu. D. rutili
F1 D. magnihamatus 4. Benovics %5 (2020,
2021b) HIWFFLFREH, 15 i A 4 T A 1 27
AmRR TR R, R RIS A 2
D. cornu 8, FFATHILARMA /R B
el )& (Luciobarbus) 21T A 4838 U4
H D. conu BIEELLE Fr, b4 RR D LR
(Barbus)~ " R8L)E J g 1 283 A fa A
PRI RIS o D, cornu BUIREK
g Py ot g 2 i A AR AR L L ARLRRAIE
D. lenkorani D. carassobabbi 553t 10 Fig ¥k H
WA D. varicohini BUIEHRE: Fry FFFE AT
PEIEAEM . AR LRI R B . D.
goktschaicus. D. gracilis f1 D. andalouinsis [1]
NEWeSs 72 D. rutili 84, A, D. goktschaicus
M D. gracilis 73 GAEH 2R, D. andalouinsis 534
TEF LRI, D. marocanus R D. pulcher
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WA D. magnihamatus BRGHRLE Fr, oA 174
JEAEPRI R R IX . AT, AR R
HEMIEHRRERE R K2R “—” 2], N
D. magnihamatus 245% D. varicohini 4, ARHF5T
I IEIRZE I RGE K I,  DAAER TR
NTE ERFEIR HUEELES K2 N D. wunder 5%
D. cornu ™, Fhb, $Ew. FEELEE AT
T AR TR A Bl A LR IR R 2 s R B O
LR 5 Benovics %5 (2021b) 7045 R A
L, HOR DR LR St (C. auratus)
4 (Cyprinus carpio) FTa7ERIFE B H
DG IS Fr i 2R (15 T o
32 A FRGRESN

AHIE T PR B 18S-1TS1-5.8S rDNA
BT TilsE, Stk RO —8Fs, A
ZHRME R E, HAEETRIA TR 6 %1
T, £ 18S-ITS1-5.8S rDNA JF41)i8t4%
BTHE, S IA B S R 25 A B TS
W XIAEIR B B PR ORG24
(I AL BE B s, L (R R as AL PR B 2 W B oy
TR} AD R F) & 2R R L (A s
PEES, Ling % (2016) HFFuRYFHE & 15 3 Fr
2R FEIA LR 18S-ITS1 rDNA FE51), Hplontist
FERR BN 0.001 ~ 0.225 ., 75 H AR 51 I 78
XNEHEE (2023) WHFFTIRH, HEZP @RHE
J& 25 A TR H ) 28S rDNA IR AL FE B 0.003 ~
0.045, “HEk (2023) HFFLEF R} 27 A= FE 24 L
() 28S rDNA Fl N iE 4% #5254 0.000 ~ 0.031,
JE& N IBAEEE R A 0.000 ~ 0.258, iR Fu 4 R
PRI T 8 R HUBE (1) N 8344 BE B AN
()R AR R B . IXABLS 5 Ling & (2016)
xof i ) & 15 3 A AL I FR BE B 18S-ITSI
tDNA 751 i 4% B 3 i 45 S0, ST
JETE 27 AR M FE IR B L X R .

RGEREMERER, MIRARSHET
i 37 F 0 R FE IR HOC R i, HIRSHET
MEZ WAL, i VRO SRR d O REBUR, I
Ah, AT S AR IR R N —
DL &5 B 5 Cheng 25 (2023 ) it s 45 #afil 25 A-= 4y

il 4534 d1 /) 18S-ITS1 rDNA JFH| RS K B 45 %
— B0, Q0 Fy A T A RN PR R PR O R,
451 g 8RB B B A DI
RGKFR. GREWUER, TRAKE BN
TS BV Z BRC R, SRE KRR
M ERRTFENBARRBRE
(SImkova et al. 2008, Ling et al. 2016, Zi#&
S 2023), AU, #Ef5 PR H RS RT
TR RIA IR SRR R, HETR
KA e TR R L .
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