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Abstract: Nomi Bay, in Kochi Prefecture, Japan, is famous as the cradle of greater amberjack (Seriola dumerili) culture in Japan.
Two species of capsalid monogeneans, Benedenia seriolae and Neobenedenia girellae, which are causative agents of skin fluke
disease, are a serious problem for fish culture in the bay. They affect the fishes’ growth, contribute to secondary infections, and in
some cases cause mortality. In this study, we examined seasonal prevalence and the genetic diversity of these two skin flukes on
cultured greater amberjack in Nomi Bay. In 2015, the average number of flukes per fish from 6 July to 2 December was 0.7-25.5 for
0-year-old fish, and from 6 July to 29 December was 10.7-85.3 for 1-year-old fish. These skin flukes were almost all B. seriolae. In
2016, the average number of flukes per fish was 1-21.7 from 5 February to 26 December for 0-year-old fish, and 3—62.3 from 21
January to 26 December for 1-year-old fish. The flukes collected from 0-year-old fish between 30 September and 18 November and
from 1-year-old fish between 13 September and 14 October were all N. girellae. This change in dominant parasite species was
probably due to an increase in water temperature to over 30 °C in August. Ten haplotypes of B. seriolae were identified, based on
mitochondrial cytochrome c oxidase subunit 1 (COI) gene sequences from 25 randomly selected specimens from each sampling date.
Two of the 10 were reported in our previous study. All 10 haplotypes were grouped with the Japanese clade of the COI gene
sequence phylogenetic tree. Nine N. girellae specimens had 100% COI gene sequence similarity with specimens collected from
greater amberjack juveniles cultured in Dadonghai, China, suggesting that N. girellae may be introduced in spring every year through

the import of juveniles.
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NEBURERY, TTAIERERL TT VNS A EMEID Benedenia seriolae % JRIR & L, 7'V Seriola quinqueradiata, 77
> 735 Seriola dumerili, & 7~ Seriola lalandi 72 £ CR.LNDFR TH o208 (B L RIE V), hD~< %7 =7 J& (Ogawa
E0?, INY, Ogawa? 72 E) RFAREXT =7 )& (Ogawa 1E20 ) 7R EOMBRENHIT S L1220, BTV T8
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<%, 7VOIEICEL (EAIEN 9, Ohno 1F» 7 72L), FENEHIX &mEPIINMKOT ) BEHICHEEZ B2 L
T3 CERR 27 BRI - TEHEKEESFEERD . N LERNS & LT, %ok, BlkEaANC X535
W, TIVNTVOROEEERH DN, TOFTH, WKBERRIRED BN THS (BAIEH,Y). PokiidaE
W, B SOBREEKIETOEETHLR, BoR_"TFoORG, FRZEBL TRV IELITOLERDY, FEHOEK
IRRE 1T R R B 723 3 53R LT 2T, B. seriolae (25 L CH0 R BERBE S HIF TE 20 (HE?). mamk
RIS B o NFEFEDEA T D — T, YoKIBIC L DB AR R EENRIEEL ORE RAE L R>TVWHE
s, B TIIH LAY LA VRERA RO b TN D, 2 2 CTRIFFETIE, B RIE TONY A EREO FRE 2 3
IR 5720, R T D IFRIKEA f 2 f B. seriolae & Neobenedenia girellae DZFRIZE{LI L ORI HEM: %2 31
FEL7.
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Fig. 1. FREBOME (EX) Lho A "F4EA (@) BIOC1mA (M) o% 7)o 7EF (FX) .
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DB, BT OEKREANTZ20LOZ —F—R v 7 ZZAN, KSHBBREORKBEIT 1. TO%, EEILHIN
Hhi-iikzZxry FTEILL, 70%x% ) — VR AN TR bR 72, £72, 201547 ([P EVFRE HEmR & K EHED
BEH T NL B EEOFIETI0R AL EE L.

EREHSIC L8R
U L7z ik E 2T A KA T A0 EICES, EERBEMKSE SMZ-10 (== 4:8) ZHAVC, Kinami 1E> 10 OWEIZHE
UC, (KRS & 2 —xt O WA O™ C B. seriolae, W T N. girellae & HIBI L C, MEDOFAEZFEH L.

DNA fli
Y7 Y T B. seriolae & N. girellae % 1 HRT DENEZIZIER| L, QlAamp DNA Mini Kit (¥ 7 7 ##) % H
WTv == 7 /UITHEV DNA fll L72. 15 H 172 DNA OUREE & HiEE % Q5000 fESESN WAL/ St EE R (b I —HKE TAEHY)
THIE L7z,

RY A Z—LESRIE (PCR) HiER X U'PCREH D F N RER
PCREUSIIAHUI VOB ITHE LT TITV, I b= KUY TDNAD Y b7 n—AcfRbBEHEY 7 2= h (COD #ix
TRk A — 5y MLz, BONTPCREDIT12%DT Ha— 2R X VOBEBKIKENZHEL, =F Vv AT a~A RTIS
St Lz, D%, LED M7 U AA VI x—F — (FEMiZE T3) OLEDMSF T CTHRD /N K& 48]0 H L, High Pure
PCR Product PurificationKit (R = « XA T 7 ) AT 4 v 7 A#H) [T, ~==2 T MW MR EIT - 72,

HEEIARAT
FINERLLT-PCRIEMH T > 7 L— M & L, BERO T T A ~— (531EHN"Y) & BigDye Terminator v3.1 Cycle Sequence Kit
(A4 777 7 ao—X) ZHNTHA IV —F DU ARG EITo 1. KIGRIZZ S 7 —VILE 1T, R,
Hi-Dids /b A7 2 RICHERMR L, ABIPrism3100-Avant Genetic Analyzer (77T A R34 Z 3 27 5 X3EH) (2 U CHf
HEEFZRE LT,

WERF|T — ¥ fRHT I K O F R D VERR

B oA COlL BB FOEIERSZ b & 12 DNA 2RO, ~NT'r & A TOREL L0 F R 21T 7. 0F%
WEATIZIE, T — 2 N—R EIZBEFEINTWDHEEFD B. seriolae ® COl BIZTEF] (FU DO TwIHEEDTEY V3
> &5 KC633872~KC633878, FuEkILRD T VKD T & v a &S KC633879~KC633881, A —A hT U T DY A
VT 4y aHBEDT Y 3 E S NC014291, HM22526) % & 48 T MEGA (Molecular Evolutionary Genetics Analysis)
TIZR Y BAIE TR EVER LTz, Z OB, SlEoE#EME 1000 07— A T v FREICKVHEFE L, Sepilveda &
Gonzélez'? OEIZHEL T, FBDITHKETH D Neobenedenia sp. (7 v a &5 JQ782846) 27 7 kL —TFL L
7-.

FERLEBE

B RO NEINLE T 24 T 7 WGIIEh R TFAEBENEE I TEY, RGO o _FYEa L 1 RAICEB T 5
B. seriolae & N. girellae D¥RFFAEL L 1 BRdH 720 OF¥I%A$% Table 1 1278 L7z, B. seriolae DN-¥)FFAEUL, 2015 I
IXERATT A6 HIC0.7 ik, 7H 24 HIZ 133 Hfk, 8 A 8 HIZ 1.3 ik, 12 A 2 AIZ 255 Bfk, 1M TT7H 6 HIZ
18.3 (&, 7 A 24 AIZ 18.7 Hafk, 8 A 8 AIZ 19.7 H{k, 10 H 29 AIC 81.7 HfE, 11 A 24 AIZ 15.7 &k, 12 A 12 AL
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10.7 1, 12 A 29 AIZ 345 BIEL 72D, 2016 Table 1. 7 > S FYUpEfads L OV | BRAICET D4 5L OFER
FITIFERMAT2 A5 A 217 Bk, 2426 A " s rmcq  EEEE GEEEER)
(135 |k, 5 H 30 BIZ 1 ®ik, 6 A 20 A2 23 - B.seriolae  N.girellae &4t
2015
W, 7 H 26 BIZ 12 BK, 12 A 26 AIZ 3 #(K, oA
7868 3 23 2(0.7) 0 2(0.7)
1 Jﬁbﬁ\f 1 A 21 BIlZ623 Eﬁg, 2H8HIZ 14 H 7H24H8 3 26.2 40 (13.3) 0 40 (13.3)
8AsHE 3 29 4(13) 0 4(13)
0. 5 A9 B 67 m, 5H 30 BiC 13 Bk 6 :2:;5 2 217 51(25.5) 0 51(25.5)
- - 7868 3 3 55(18.3) 0 55(18.3)
A 20 BiC 21 ifk, 7 A 12 BIC 147 ik, 7 A 7R248 3 262 56 (18.7) 2(07) 58 (19.3)
_ _ sAsHE 3 29 59 (19.7) 0 59 (19.7)
26 HIZ 343 MK, 12 A 26 HIZ 3 Bk & 72 o7z, 108298 3 24 245 (81.7) 113.7) 245 (85.3)
o 11A248 3 2 47(15.7) 0 47(15.7)
X~ T, B. seriolae DEFEBREITE ALV L 1 2ARE 3 182 32(10.7) 0 32(10.7)
12H 298 2 19 69 (34.5) 0 69 (34.5)
BEDOFHT TEL, POAFETHFETLIHEAIZH D, 2016 %
0 &R
B RIE D ANE AFEDE7RRINL B. seriolae T ¥ 2858 3 17 65 (21.7) 0 65 (21.7)
2H268 2 16.5 27(13.5) 0 27(13.5)
D2 ENRENTZ. ARBEO BIFHFLT D DITH 5A308 2 22 2(1 0 2(1
6R20A 3 25 7(23) 0 7(23)
" o o 78268 3 26 36(12) 0 36(12)
7% BEKIE 12.5°CC 521 H, 21.3°CT 65 H, EnE o : T
. 108148 2 26 0 17 8.5) 17 (8.5)
23.9°CC 52 A& &n, F7=, RINOFHMLERIT 1A 188 2 21.7 0 2(1) 2(1)
128268 2 19 603) 0 603)
12.5°C~26.9°CC 50%LL & 72573, 26.9°CEL | 1RA
18218 3 19 187 (62.3) 0 187 (62.3)
TIFELLIETL, 29.7°CT 3%, 9.4°CT 0%& 2R88 3 17 42(14) 0 42(14)
590 3 202 20 (6.7) 0 20 (6.7)
§ L pNE 13) PN 5 58308 1 2 13(13) 2(2) 15 (15)
705 (REFERE ) | SREIOFEEHIFE S DK 680 m 3 s G o 60
N A X X
BT, 2015457 A 6 B~12 A 29 A £ T 18.2°C~ TAwE 2 ey o 8 618)
9A13A 3 28 0 56 (18.7) 56 (18.7)
29°C, 201641 A 21 H~12 H 26 H£ T 16.5°C 98308 3 27.1 0 81(27) 81(27)
108148 3 26 0 36(12) 36(12)
~28°CTHERE L, 1 EDZ L IX B. seriolae DYNF 12A2H 2 19 60) 0 60)

EOTBARIBOFRHANICH 722 D, B RIEIX B. seriolae WHET HDIZH LIZEBREETH D & Bbhi-.

N. girellae DFE¥IFFAERE, 2015 FFITIT 1A TT7 A 24 BIZ 0.7 BifK, 10 A 29 BIT 3.7 mfk L7220, LA TORE
FaE<RONT, 2016 FITIT YA T A 30 BIZ 13.7 HF, 10 A 14 BIZ 8.5 #fK, 11 A 18 AIZ 1 BIK, 1M TS
H 30 BIZ2 Hfk, 9 A 13 BIZ 18.7 ik, 9 A 30 HIZ 27 Bifk, 10 A 14 BIZ 12 Bk & e o7=. 2D H, 2016 FD 9
ACIBEII YRR L 1ML BIT N. girellae DR NFET H L 21272 o7, ZORiJkE LT, 2016 4 8 A IFHFIFIZ 72 < KR
23 30°C%& L[F1 Y, FHIFHIC ZHVE TO B. seriolae T ENPEL RHONRLRDBIENE Y (data not shown) , AH73
30°CUA ETHHE CERWREIC L D2 60 (Bst 130 W) &F 2 bhvie. BIRBROEY 3F T, FEHAKRMN
28°CLLF D 7 A E TIX B. seriolae, 7KIEAY 28°CLA L & 722 2 @/KIRH D 8 ANBAKRMET LIaH 5 11 AEE TIT N
girellae MBS U CHATDHEMARE SN TND WNEN YD) . REFENS, BRIBOH 2 3F THERIT- AR
BHHI, S HITKIRM 30°CEBZ THOIETT 5 & N. girellae DENPESTRD TEL 25 Z L 2HHTHLMNMIT L.

B. seriolae ® COI AR FREBL DI EBLH 2 L L7245, 507 & H D C—T, 514FHD A—C, 653FHD C—T, 735
FHD TG, 889 FEHD A—G L &35S T CHRABEMR IR Sh,

SRIEFTFOMAEDEND 10 NTa XA TR ENT- (Table 2).  Table 2. B. seriolae 10 ~7' 11 % A 7D DNA £ .

EHIT, Zo 10T A A%, COlERETFEOE LRSS BRI

deal i 507 514 653 735 889
WERERHBOBARSZ L— K, A =2 kT YT 7 L— FBEIGFY  — L
JL—FK05H, AARZ L—FIZf L7 (Fig. 2). Sepilveda & e 000
Gonzalez!? 1%, R4y FRABINC L D 0EICHES X, B. seriolae 13EA x:z I i I (T] :
FECThDIEERELTEY, BEWVOSHIEIT B HIE ST ﬁi : i 1 1 g
Wb e Lz koT, ZORMEZFFTHOTHIE, LEiOFH~L O 32“ 5 | e g g
WE (BWuUE V) LEERIC, AEO 10 NTrd A THETRTH MS; LS 2 ) g S
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AEEREORETHD ERBRT LN TED. £z, COlLBEFIIENOLERMELZHRTE L 0F~—H—TbH 2 (Hebert
E219) . T r XA MSi & MSj IZLIRNCHRE L7z CSa & CSe (B¥uigEs V) LR UHEEESIZRL, 5B MS)
WEH U RFHEEONT OB A TORBET DI TAZ—IMEBE LI &6, b L LELRBETZV—T13h v 3F
IRV RMEZ RO X A T 72O d L.
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Fig. 2. B. seriolaec 10 711 % 4 7O I k22 KU 7 DNA COL BB T8I D> L S N 7 i L R s st
7 — hANT o TEIZ T0%LL LD b DER LT

B. seriolae DIGE £ &> T, B RIBOES L RFIZFE L T2 N. girellae DT, COI {5 THEIKICEESTIN R
DN -oTo. MAT, BBENZ &I, WATOPEWEREEREBRIEO D o RFHERO S D LB 100%DFEFEMEN
REH (data not shown), [FIEEKOD N. girellae B3R HIAE NI FIREMES RIZ S N7Z. LvL, £O—FK T, BERAIN
57 U RFREEIT N. girellae DWEFREL THWDONIFRHATHY, IHIT, RBIEL 1I5SCCULTF TR ETE RN E SN M
(Bondad-Reantaso 1E7> ¥ ) , BB OAIRIIBFIE 1 A D 3 HIZ0T T 15°C~17°CH 20 2HBT 5720 (3R 17)
BAEE LB BEOND I L0 D, BIEHREEREDORELITIOLERSD.
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