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Abstract

Hagfishes are the most primitive vertebrates known. They have a cartilaginous
skull but no vertebral column. Hagfish is marine benthic scavenger which feed on dead
organic matter, including teleosts, cetaceans, marine inverts, etc. Anisakis is transferred
by host predation, and their paratenic hosts include crustaceans, cephalopods, and
teleost fish. The aim of this study is to investigate the parasitical fauna of hagfish and

confirm that hagfish can be infected by Anisakis via host scavenging.

Hagfishes were caught from Daxi fishery harbor in northeastern Taiwanese waters
from November 2013 to June 2014. A total of 265 samples were examined and four
species of the genus Eptatretus, Eptatretus burgeri, E. yangi, E. sheni and E. taiwanae.
These four species of hagfishes were infected by Anisakidae nematodes, which
parasitized mainly in the gastrointestinal tract wall. Also, anisakid nematodes species
were identified by PCR-RFLP. Seven species of nematodes were recorded: Anisakis
pegreffii, A. simplex s.s., recombinant genotype of A. pegreffii and A. simplex s.s.,
Atypica, Anisakis sp., A. brevispiculata and Hysterothylacium amoyense. All Anisakid
nematodes are new host records, and two of them (Anisakis sp. and H. amoyense) are

new locality records. In addition, a new species of chondracanthid copepod,
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Acanthochondria eptatreti, was identified and isolated from the pharynx of hagfish, and

has been published in 2014.

The results proved that anisakid nematodes can transfer by hagfish scavenging and

modified Anisakis life cycle. Statistical analysis showed that the prevalences of two

kinds of parasites (nematode and copepod) are significant higher in E. burgeri. The

intensity of nematodes positively correlated with host size of E. burgeri and E. sheni.

The intensity of copepod only has positive correlation with E. burgeri. The

accumulation of parasites in larger hosts can be observed in this study.

Key word: Hagfish, scavenger, Anisakis, copepod parasite, Acanthochondria eptatreti
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i Ek2Fa-A2dm % o @5 f1% 2 (Commensalism) ~ 3 f] & 4
(Mutualism) 22 % 4 (Parasitism)> &% 2 4 57 > 5 B fasd EFh-4ep, 27
- PR - FRAERfIE o Y- P ERT e M L 2 F AL o A R
Fehb bl s F 2 B (parasite) 0 % % chifEAL S F A (host) o

A EFLDFALT S o F0 SRR 2 B AR DA
FodonAE Y SE ARG AFAERHE L PR PP RS &
FROgE BB oREES S P ORFLE c GEFLHEHAME S [ 5
BE AL Fe i (-) BRENEARG o d i AR N Hr BEAF
AR At RS (C) FREEE AR P A EF LT AP o

BP2RPFLA2aET ) REFLF A NFLLRG
Ry @ AFIME A () FF Y D FARF AP P R R

PEEEFHFLIAL DL 6 PP RE 5 1999) -

AR DTGP GG T RBIIRR o B I ERT  fer DR R
fol G YR B BT M EFREI AT R &G A REEE D
Frafkedaqflt AR AREFL AR G L2 H 4 (Chai et al.
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¥ LA G EEF A JAoF 4000k A2 ol s avFe fy (liver fluke) » ¢
# 35 g ok (Trematodiasis) » 2 & sk 3 "6 ¢ L~ F B T o BE RS
A E ANk Aok 2 e pEl g aE D E 68 A (Diphyllobothrium) 31 A2 éag) 57 i
£.7& (Diphyllobothriasis) » & 4 ¥* A 555 pF € 3¢ Sk 5~ LIHE EdoR Mk L F
OME AT R R IFEIERER EEIE RO R U E AR LAY LA BT M
£ (Anisakis) » H 314275 Bk 3 M A5 (Anisakiasis) » SEE A © A~ 2« § RS

R RS~ rRek fh o R pEL T A 4 % 7] ac K & (Chaietal. 2005) o

13 F42 A2 5ER2 B2
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FEEA Lo BY o AFEIAGEFEY o RFEDRAE . FFEAF LT LR HE
ESaEEai N ’:—’2-:- ‘/}fﬂm?ﬁ",s F ¥ A m"é?é‘”}ﬁ\g« AR 3 BRE 2 ik

ErAF 2B~ FAAAE o 4ok P B hn &4 (Trachurustrachurus) # i iz 4
A BADT T R FT A LF LI P s an B 4 X D4R B Alataspora solomoni
ORfLE RS GRG0 P FR ¢ R IR G 45 5%y Bathycreadium elongatum ~ ¥ 7E
% & Paradiplectanotrema trachuri % & ¥ 3§ Lernanthropustrachuri % # > £ 4c + 3)

fé_ﬁi;ﬁiﬁﬁ? UM Y R R g 5 KRR ¢ IR F 3R B,k (Abaunza et al.,

2008)

YR G XA AL PR R 4o Anisakis pegreffii B ¢
FERER S A Admplexss. Bl i < F ERERS S B T4 A RA S
fa ok 2¥rEF A end o okt 4 SE R 942 (Merluccius merluccius) > H 4 p
RGP AR A RS B b (T.trachurus) 25 » 480 5 B J 42 € 11 B
R B RBEANE S BEIRFLMOBIRIAL > A AT LD

B A AREE FEAP G o TR ARA S AR - #1E 4& (Xiphiasgladius)
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SOF L ABRT ARG e 8k 2|8 F L chd 1 4o A physeteris 3 £ 3 T A gk b
HP o F RE &R A B P A physeteris BF o AT CU LRI T AL G G A D &

J4» 2. —  (Mattiucci et al., 2007) °
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1.4.1 7% B3 S f 2 s

ARTMAC FRAORL CFLAA - AR EHBRIAARY b
BN A RRAFY Pfhe BB F A S AEF N o BRA S AR AP

B> FRAFLSIREGUE SHAT A R ARV RLZFLL -
AERE MG 2 R e

[F]2;% 4~ * (Phylum Nematoda)
¢ 4 % (Class Chromadorea)
tv & B (Order Ascaridida)
% R R HF (Family Anisakidae)
BB WA E (Genus Anisakis)
#h EsAH (Genus Contracaecum)
TP AE  (Genus Hysterothylacium)

wh EMRAH (Genus Porrocaecum)
142385 B2 4 EY

AEBRT MA2Z BEFALLAEFE FANYINEY CHAEFFFA

P RN AR FT % - B2 F (Larval stage 1) (55 ik

$is oM AaRY fd 2 EhE 2R (L3) $ 228 AR BhE
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B~ AN B RUEAHLG A F A (paratenic hosts) c B F R R F 4 F L G4

B ER S AR 2L (Kuhn et al, 2013) © (G & Jo4aihl 5 > % B o @ o4l )

D

KR BB PIHEEFL F2PLA R FLAEFRENT P > SR
B ~PadkE 2 % F-v prit g T (Iglesiasetal., 2001) i S il > F T 5 LG
ARt AR SARI [ LA EL o

MARINE MAMMALS

HUMAN

accidental | | L3 L4~ L5~ Adults f
l aces
host l natural final host ~

SEA-FISH AND |
_ CEPHALOPQDS free eggs in the ocean
— I Mmoo
PG '::’.*ﬂ‘ | JL L2
R | 7 L3

embryonated eggs

- IL hatching

3 | = PLANKTONIC | |
CRUSTACEANS free- living
L3 larvae

intermediate and
paratenic hosts

B 1 A BT BB 2 4 % 2 (Audicana and Kenned, 2008)

143 2385 M5 %
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¥ 4 % tAnisakiasis’ /2 A B F R A (Anisakis) % AR 4 P @ 7z A simplex -
A. pegreffii ; Pseudoterranovosis® = = 7 & 4 #  * fi Pseudoterranova (Porrocaecum)
decipiens #7R % 5k 5 Anisakiosis R AAdp Ty XL RAFP S LR F 5

(Audicana and Kenned, 2008) 27 1 > 3 @3 F LR L%t » L B4 30 p & > 3N

-~

AHEINEERF BER LS e B2 RES G RN EY
FRILATORS o IR D G BB R R LA B BT MBUR R Y R ke ¢

» ¢ ¥ % (Chaietal. 2005) °

AR MACEARY RS R T A A e ] (-) 3 AR AbE o -
WA N N2 PR AR T S EARBAEN AR 3 e s AEORE
§F A DT AR RS Rk s MAERFYE S BTG AR TN R
Pk (C) FAABT RARE 0 2Er 5T 2t F AR FAEAT
PLE KRR ERS g o B LR AR AP AR B DN g5 e

BogEd -y
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RFE(2) BEASAERY RAR RS L SRA®A

\

£l 51%‘5 iﬁ?é v F5 B T PR EE B BEVE w—sgg\ s,a;,p;g\ PH N IR T e é?k , 14
FRAEEF L (2) BABEERT RAE > FIAB RATUA BN R 0 5
BET S B ERAA S BAORMK Ao E R L F HORCKE PR E LAY
i i Ak - A28 4 (Hochberg and Hamer, 2010) - 1345 3 W 8 #FE% > 8 * 4
LI SR 20040 7 2 0 &E35CH K 15 P FA iRy > -

(FDA/CFSAN, 2001)
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SARE RFES > A ARRT MG A RLG 0 Tt e R LU BB A
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JEEAARIZIEG 0 FAABRT MA TS A8 PR A A HGF 0§ AABRY RA
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i # (Lietal, 2015) o

AP RAER OB S PRRED > 2T 500 GRS REL  HEEE
g% 4 g ity oMo R AR A A simplex ss. % 2 (Suzuki and
Murata, 2011) » fiE B #2495 200 8 4 B3 RAGE 6] > K16 L b
MG M RS FETL > F 15 LopkAd A pegreffil (TR A 01 £ A A
smplex s.s.> S %@ RAE? AR L adpaaBi AA MR (Lim et al,
2015) - # 3 Bgor > AcSimplexs.s. fe A 1§ R e 2 PF > J{EL L X R i A pegreffii
Foo2 and A AMER A Smplex ssAEr 3 E AR I P EF A
pegreffii » 3&p] A. simplex s.s. i@ » v g {8 » L B gor i g R @ AP HOE
Ao F]ptdapl A simplexs.s. 2 id = A B M PR A & $ 48 (Arizono et al., 2012) -

w2 A pegreffii & A smplexs.s. 0 FE 2§ 1 F A BT R AR P AR R4 D



FPREASF S AFAIEXITIRF FRRELAFAT B i Fo

AP MAESCE 0 LG Wet T dmte Th-2 > A3 twwe i g w3l plds ~ o
B L Th T A dnee o A GER B n% kA2 4 B IgE Fubl 0 2 [gE & & e
S e § SRR EACT) S TR SIEEAF o PP e doehih T M
HEATFUR G 1348 (Anisl-13) 7% A8 RAH A 2 A P (Anisl, 4-9) »
PR D ERA AR B FUR (Anis2, 3) 0 B LR e 4k 2 3 TR ShL £
ARG E AR RS R AR IgE SR yEN m A 4 ATk i (Caballero

and Moneo, 2004; Baird et al., 2014) -

144 % R R{HF2 F2

TRAHZFZPAH o ERAGEALE C FHRET LG kg el ¥
(boring tooth) ~ ¢ 34 (excretory pore) % > 14 % E:FE F 3 $&k{] (mucron) F i

Bt 7

BT A (Anisakis) % B B E G R M end F o PR L
(ventriculus) » ¥ ;2 3 @t ¥ 25 { & (ventricular appendage) % % 7 % (intestinal
caecum) (3 % »1999; Shih, 2004)- 4% F 1995 £ 242515 % #k{|F & w4 5 Type [[IV
e fEA 0 o Typel & &£ 417485 A7 5 1 Type lI-IV & » Esp 5 5 #&fl > &

7 A simplexs.s.~ A. pegreffii~A. simplex C~A. typica~A. ziphidarum4= A. nascettii -
Type II-IV k=% 2 5 #kf] > 5 fpH#CE? A% 0935 > = 8 Type ek 3835 15 »
7 £ 3 ; Type 1l kst (0.16-0.38 mm) > & [Fl487) - 25 ¥kl > Sg 0 + F (S
FEin s A physeteris e Type I & #435% ‘& F (0.11-0.15 mm) » % #8424 ¥ il > &
LR B ) gk B 48 5 A brevispiculata Type IV & #4& (0.07-0.17 mm) »

% [Fl4a7) » H 448 5 A paggiae (Murata et al., 2011) o
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#h ERA (Contracaecum) * 4 2 £ 5 &% > B3 o nal U en j 2
wibut R B BHEF RIS gk (spine) 0 P I N E 0 TR A

3 (% 5 1999 5 % > 2001) o

¥ RAE (Hysterothylacium) # Ao 23 £ RA B 3 25 &4
EEHRARE TGRSR RN o Rt g RagH Gk (nervering)

A SRA A B RRARE (5BE 0 1999 % > 2001 ; Shih, 2004) -

W RRAH (Porrocaecum) #f 0 B E Y > B e a2 B3 ko &
2 F F 2
3% f o kil (% > 1999 ; Shih, 2004) -

>

R o VRETE EHEFEEIAPN - 2T AERE S LS
BAEPE o L E B A e R RAZ AR TR A3 A FF o 2k E
TAERR[F 2 HFARRAEL B o

A FFETFE B AR Y chE_DNA P E Y GhrDNAITS # ¢ 2 ITS 1 ~
5.8SrRNA % ITS 2 > 12 2 mitochondrial DNA cytochrome ¢ oxidase subunit II (cox2)
F 71 ; £ 41 * Polymerase chain reaction (PCR) #53 DNA & 71| > & 4% (7 T R ' i
PR 7] & &R * % e 2 % a2 DNA ¥ £ 4o PCR-Single strand conformation
polymorphism (SSCP) » #- PCR #§# ch A 4~ s5 814152, 2 H % DNA - £ 712 P &
Flend wldm 258 3 i) BET ARG E i F (Zhu et al, 2007) 5 &t £
PCR-Restriction fragment length polymorphism (RFLP) » 41| * % ik *U 4| v 4~ 443 < &

Flefrr 2> #-PCR 3 tgis iz e # fi> 2 4 £ B e % £ (Abollo et al., 2003) -
4 FOLE -DNA FBd g ts o 4o~ 5 513217 PCRo £ % Random amplified
polymorphic DNA (RAPD)-PCR > [ * ¥ B 7| £ B HR3IF & 127 a3ty

# & R ehPr i L 5 B (Martin-Sanchez et al., 2005) -



Bofr gt b ik £ & o 2 e drehp A

b ol BRG ARG FE B o ko

[ERE oA

IR R L B

FRBARYF 2B 2 ¢ AT 8% (Genus Eptatretus) 9 /& > &l p

J(Genus Paramyxine) 2 48 > % 3 @ (Genus Myxine) 2 f& (3% » 2013) -

AFTY 2P B AT

#¥ % # 4 (Phylum Chordata)
B #.% (Class Myxini)
7 i P (Order Myxiniformes)

7 B F (Family Myxinidae)

5 8.6 (Genus Eptatretus)

7@ F  (Genus Myxine)

M7 B (Genus Nemamyxine)
#7h 8% (Genus Neomyxine)
% 7 B % (Genus Notomyxine)
7l 5 B% (Genus Paramyxine)

F i B 4 BN Rk

NG - HER kN R E s AT T

FAREF L E g oG A HE o T RGP HE S LM

itd PRpEis
9

PR AT - AR AR

w’v

¥

"’hfld

LR 2GR A 0 R G d kAR chE oo

f—»/ﬁi ;I’L._/AJF —rfﬁ"_”]l\
5§t i,
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LAY AR Y S LA AR TY  RIFARR Y 0 1R R NERRTY 0 B a2 f 8 A

1.53 4 ¥

PRAERLBAFARL PN AREAG LAFARRAGY LA D
Flo LI o B E AR R RIS IR G o I B
PofediB-a o s R ARRBRPZ LSRR PRIAELESFS

EER R L RLRCat) s

g)k

—?;]‘ s — BE )= m}%f{_"*,}w = mé"&?‘ﬁﬂ-"ﬁ’l‘
FAEd oA REAELS RFSRF T LR AING TRE - @
H

2 pfentrs EBB A AEfRFgALAlga TS DS AKX TG
# K

R S K A YRR R B A 5 B B RS

B~ O T AR S EET S RAIRN AR R F 4 % (Jorgensen et al., 1998; Zintzen

etal., 2011) o

“md

BiGRFEAAF RO B R BLE R REFREY
k%ﬁﬁjﬁﬂ%iﬁEW$am;uaﬁ@miﬁﬁw%wiw’?ﬁéb#w@i’

P

-

el
\rm

T (M > 2004 ; Barss, 1993) 5 @ ok # 0 & /a3l 4R BT A

ERa

LR

-0 % - APE (£:2003)0 AT PR E A oo < K5 14~25mm

£ frend s G R kg 0 VR P ARA A T F RN A K o

1.54 =325 %

PRAIHEAFRERE FATE N AFE S RE S MRS A E
BRSNS ek Bl B R BAT A AP BAF IR FE G RA
ERCFERE AT GBI HL - KBRDEL Ghppt) > ME R ETR
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Fs): S AR LV R #;ifg&,uﬂ%?%ggﬁ%ﬁos]:El,#g—;;f%;fﬁ?»Fﬁ’ir"_
RFELERVTEEMOCI20C =R 7 K202 = 15000~ = (Jorgensen et al.,

1998)

FHAOTHRAIE LT AL PNI AF RS U FRT R o TR
)gkr,&;’— (Kuo et al., 1994; Mok and Chen, 2001) > & #4382 & 4 3075 328 5 H KB
RAER B TN ARR B AR B R B WA B EAER B (Kuo

et al., 2010) ; & % 13@/45")34{5 33 pﬁ.‘l‘ﬁ*ﬁhpﬁ.“’ é@&«pﬁ.(Kuoand

A

Mok, 1994)~ = X 4k .~ % A7 B~ 7% L 467 #~ £ %7 B (Mok and Kuo, 2001) ~

FRAR B (Mok,2002) ~ 7 AR ME SA G R ABFIEDIR R B -
1.5.5 T;, B e

ABAEPE AL RO Ehd e A B RE RS NRE S P ER

WA EpB s BALBRBLL - LEFRETRT S AARA% S A B4

G R FABALEY BRfI? RFLPHFBE R FAFT FL
Nk R B ek FoE MR B4 TRA Ak 3 g~ (F02005) -

FHOPBASEMA LR RRE BT OB MEREEIAAR > B
T3085 ) (B 0 2008) Flp @ 2bi BgdAf HYHEE A E 70T Apke
Brob? B~ P A ERS W A A A R ARR]LF LeoRE 2

P SR E S N, H D R R IR E G o 0t L E PR Bk

S

POSHE A FRFBROAPFTEE 1 A2 fls Tl ) > 28034
A~ A FAFE (Barss, 1993) A i W F L BRFH B a7 RiERAE DR B

BIYLAnE  RApEAERER (B K ) i£r 5 @ (Dillman, 2013) -

Fobo RERGZEE S pHBAREE R IR - ARED REEBY
(IUCN) = ¢ %47 (Mincarone and Mok, 2013) » & #4L7 BAR 7| 5 HF 5 # #&
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(Endangered) » 4 #3Fp @ 5 A G A LB A HIFARN 0 FFX I AR
P AL RIEE B RRE SEUR S TR R B ALY BB R F Lap
WA e A 5T B 448 (Near Threatened) » FIH #8A|4p e = > e b &% 2
Boh A hg Rn @R DG > @SN B ERR A BB ANE
BB G & B 48 (Least Concern) > fe # 4 i g Rl RO 4 Bl se
S PR IIAS R S TR E S R PR T E N B0 F RARRARR > 2 R

% % 2 G AL FRE LI E P EAR o

1.5.6 4p B #7 %

niE: pBFLAFATY N pBRFLINF LA e AEARLZ A AR
EggovfEma gy B tEms % (Class Monogenea) » Acanthocotylidae 2+ >
Myxinidocotylinae & #* > = #& Myxinidocotyle % f-— #& Lophocotyle /% - ¥ 78 v @
FANPHEHEL > RRl A TR FAALRY2mm . kg - B PR G T
F B o M. eptatreti L3 I F 2 3t 3 2 ok A& 02 Ak B (E hexatrema)
£ % (Vaughan and Christion, 2010) ; M. californica p| &% # B4 ' - ok E42¢
- B AT BT S T FARR B (Eptatretus stoutii) £ b IRLE 4 0 P RIS i R A3
KEdachd @ g M. japonica ks IF 4 3 iF 4k p @ (E burgeri) 0 ® Aok %
kR E 3 17-18CE L £ & 4 5 L. novaezedlandica #L % I F 2 M AT jF 4k
7 B (E cirrhatus) » e #4F % *k % 450k i 2 3 B (Malmberg and Fernholm,

1989) -

Izawa (1996) 7 p & j 2775 28 4f J& % 45 B (E. okinoseanus) % % 7 ik
(Myxine garmani) # 3R.- g F 2 > ZPFAF 2 a2z mE > B B e
(Class Maxillopoda) > #& & & % (Subclass Copepoda) * ¢ v B  (Order

Siphonostomatoida) > Archidactylinidae #* » Archidactylina myxinicola » %4 ¥ 7 —

12



M- A BPEs A AOTFIRE AR SRR -
1.6 ) R = g

2013 £ F A FMAFLH AN > A - R 2 AT A4 0 RS mEF

4 hbEAEF LR %‘%‘é FARFGANGC R AAERT RS 0 h - g AR AR
MET e EF RBhgARE RFE BN S o g AR A
RGP REABRY ARG TS BLRRR FaiT 5 o0 3 8 KRR T
(Bao et al., 2013) o &7~ @B I 2 B LB B LF LB EF 97 R 4
ABRIRAH?I S 2EREN BRI B F L AP LEY L c ARF
TR AP B A TR AARI AL ZARLHA BB IR PRI FPF
4 FAp o A4 2013 3 2014 E B2 R TR A fos F HowE F 4 BN
frF 2 AR LA ¢ FETF (prevalence) ~ T 3R 4 % & (mean intensity) ~ L
2% % B (mean abundance) ¥ SHcE o A AT LR ST B B AR
M2 RO oo JR T fRAFARTBREFLALAF LI EY P F
AAFRBEATLARIRADELFL T RESY FHRIEL 2FLIAME

o

13



B 2% HEs
21 HhAB#

AR A KRG RN A ERE R G AR TERRS
L f A B (1217 94'E; 24° 84'N) > 3 45 0% B > 100-300m » £ 324 ¥ jp X 3 ¥
TR 7 b e BKA R A T EE I A %RE o FRFF L 2013 & 11 7
22014 & 67 > HEBOT o HRARB25 L h o BPF G 66 kT IAED B
(Eptatretus burgeri) ~ 96 & 1§ = %7 # (E.yangi) ~ 81 & /L X 3kLp # (E. sheni){r 22

k4 #4k75 # (E. taiwanae)

AL AT 0 AR R HE > BB 2 M 1 LS
IEC N S EEAT SO I 8 FEEN AV S L LR E 1 ETIN L

AR IY S SRERARIRTY ~ B 2RARRTY (A~ £ 5 2011 ; Kuoetal., 1994)

\\.
T_..-
N hl__ 2l ——-—I—;__. S e}
2L =45 %L 7 7L Eﬁﬂ\)”b;‘ fs 2N £ S 7L “'K’i 7 7L
BRIt Rk 3 BREFAER S E $RZE% 3

® 2 B ALY 2 % (Kuoetal, 1994)

“mi

REFE g EEETIE fER BeFLA ) B MY SRS AR A T 60 cm

#*

4

TR TR B T N R TCT PN E R T R
At (B 3) o It T ARR T IR & 1821 B > @t F AR 3L 5 4-6 B 0 SRERALR
P 5 46-51 B 0 B3RARZRIY S 11-12 B o AR V%S 7990 B (A~ % 52011 ;
2% > 2013) o

WAZpHE M SRK AT A HE Y 30em b+ RS BoRESFE
14



RS F SR E S - B H et (B 3) It AR EE 5 16-23

—

SRRl SRIRARRI S 4247 B0 R AVARRIC D 8-11 B 0 AR

fé,u

[

"&\

R

#h 66-78 B (A~ % 52011 2% > 2013) ¢

9’L fﬂ,ﬁﬂuab-qxﬁ‘l]6 1[}; )

:é,u
.

PR M L AR o B A M 46cm FINE

RSP BRI, 0 F At RSP Y ¢ 0 2 RS - Bt S

Hépfmdt (R13)> 2 F#30@e &4 o gt AR B 5 13-18 B - fdt b 3kt

;é,u

5002 B o BRERARRIY G 3946 B o kfRARRIL S 8-12 B 0 AR IV EE 64-74

B Gh~X 20115 285 2013)

EAWR B M LRGSO HIRY A E R 6 B RBESHE B
HP| s F o 2 RIBfs - BRI AT H AR (B3 Mt DARIVEE 5 16-19B »

=)

BRI P AR 3L BRIFRER Y 5 36-42 B kB FRARR Y 5 6-9 BoRRR I G 62-67

B (A ~% 20115 38>2013) -

22 #HAmE

AL EFHRPITREE 2L CWE (B4 P RE R HELY 2
BAERLTFHAFEN A C IV REDPIVER FONERY  RBLTF
2 fAkE N BRI T RGE I E e SRR T R 0 B A i g 2 p
FOBRFALT G F LA R e s in] o Mty B A YR O Rl
MR B R s W OTRET RIS 2 A2 - R4 o B S o B i A A BB
TEBERY EE PR CESECERIRRYCENE o RELF LN

RIFD* f230 R AEI 5 B 20 6 Fr o ) S0 F 2 A8 ¥ R 70% ¢ o

e i F R ET

15



23 X RMAHFHAH2 PCR-RFLP &4

A ER TG E R RH A2 AA o L TO%FRE B T ik 7 PCR-RFLP

A+ g% # % Genomic DNA ¥ 8~ « PCR 31§ % RFLP A 47 o
2.3.1 Genomic DNA % B~

PR

7 it ¥ ~ Geno Plus™ Genomic DNA Extraction Miniprep System (VIOGENE) ~ 60°C

2 70°Cokis 1~ g i

(1) #0530 T0%Fp 2 Rtk & 308Kk o
(2) AMS > 1SmIAERSE > e MR EF ER-
(3) 4¢» 180 pl LYS buffer 327" -

(4) “*v » Proteinase K 20 pl » P-i &

%\ﬁ

(5) B O60C-kigth30~4 = 10 ~45+ 7 fuig 10 =& -

34

(6) “4c » 300 pl Fx buffer » #-i& 2F
(7) 2> 70C kit 20 » 45 > I pF5E 44 Elution buffer -

(8) 6000xg #rws 2 A dh > B~ b F 3055 200 pl 2 e B s o g B o

(9) #=R &% > ¥ » Minicolumn ® > & % ~ fcfk F 0 6000xg s 2 A 4s e
(10) { # AT 0 4o~ 500 pl WS buffer » 6000xg & 2 4 4 o

(11) AU F ¢ Rl 4o r 500 ul WS buffer » 6000xg s 2 4 4 o

(12) Bk E P a0 10000xg #2484 o

(13) #-Mini column % » 1.5 ml #ic & &t~ > 4 » 100 pl Elution buffer » # ¥

5448 o
16



(14) 10000xg &g 2 & 48 0 17 7| 2 Genomic DNA 273 /% » %5 35-20C -

232 PCR i f§

12 Forward premer NC5 ~ Reverse premer NC2 & {7 PCR> 3 t§ tDNA # ITS 1 ~

5.8SrDNA ~ ITS 2 5 £ > 5 1000 bp ©

(1) %7 4 #53]4c » 200 pl AR 4o 3 ¢ o

- R B (ul)

10X Ex Taq Buffer 10x 5
dNTP 2.5 mM 4

Ex Taq 5U0/ul 0.25
Forward primer 10 uM 1
Reverse primer 10 uM 1
DNA template 100 ng/ml 15

ddH,O 23.75
Total 50

Forward primer NC5 :  5’-GTAGGTGAACCTGCGGAAGGATCATT-3’

Reverse primer NC2 : 5’-TTAGTTTCTTTTCCTCCGCT-3’

(2) % 95C T i {7 denaturation 10 » 4% ; & F & {7 35 B - E: e 95°C 30 #;
(denaturation) ~ 55°C 30 #) (annealing) ~ 72°C 75 #) (extension) ; # & & 72°C
T i# {7 extension 10 4 43 °

(3) *t#4c » GelRed™ Nucleic Acid Stain 2. 2% agarose gel & {7 7 7% °

(4) mEGSFERRMBE TR -

17



2.3.3 RFLP » #7

F1* Hinfl ~ Hhal & &+ it U4 fs i % 12 (7 RFLP 4 47 -

(1) #5774 » 200 pl e s g @ o
LA WA (ul)
10X Digest buffer 2
PCR # ¥ 10
Enzyme (Hinfl / Hhal) 1
ddH,O 17
Total 30

(2) 37Cazig 1 -] pFis o
(3) *t+4r » GelRed™ Nucleic Acid Stain 2. 1.5% agarose gel i& {7 & % o

(4) vk BRI X RA

24 B H K2 LT

145 Bushetal. (1997) 2 = &35 75 (Prevalence) ~ T 3R 4 3% & (Mean

=

intensity) £ T 35%¥ § & (Mean abundance) :

(1) B (Prevalence) : #73 i F 1 ® » RAFTFL H28EF A o
FiAF =(RAFTFALAH2ZF L8 + 977 2 F 2 8i) x 100%

(2) TR %% & (Mean intensity) : 1 R A HFITF L AHFLY - HFIFLA
2 TIOR G-
TR dRE = FEFLH20 K - IFTF ARG F LK

(3) T:H¥H A (Meanabundance): #7 R F L ¢ > FEF 4 B2 TR k-

18



THERAE = FTFLAZ 88+ T FHRF LK

i * §48 R &2 Microsoft Excel i& {73t A 47 > Fl@g 2 @l @2 F4 8
BAFHETE WA pe ¥ HASE ] > & $# Chi-Square test k &R p B4 &
BREFFZAME S NE R A RFESFEFIAME - LR AT
Wilcoxon-Mann-Whitney rank sum test #iP|R 4 %8 R 2 2 5 R &7 F 7 py AR
ME B BERFPLE e Vo e A B AR RAAEE A I

Chi-Square test t& /R p AP 2 BT RAH[FELTFF L8 -

ABMEEFAAFEFAY 0 MR L P R B A SEL R  R
(7RIEE AT AR RT A BB Y L #Ap M i (Pearson correlation
coefficient)* fj H & siw jA 47 - ML L L FRAZ R 3R AR HRIIEE S § Fic>

FERY SR T SN E T e T SR R VR

BA AR R GB? > TAREW0~015EAM (0SR*<0.01) ~R &
0.1~04 % MAEMM (001<R*<0.16)~R &> 04~0.7 %° A4k (0.16<R*<

049)~R > 07~1 %% At0M (049<R*<1)~RiE*1:z2ik R=1)-

19



w
s
&

ﬂ:n

31 p#2F2 A4

265 &7 BALE ¢ F 5 16.2-55.9 cm s A E B 5 9.70-274.95 g o A B 5 A
A7 i 66 & TISWE 37.8+7.0cm > T E 101.67+56.16 g5 1§ S AT i 96
B TIORE 261 £ 2.9 cm v T30 E 32.71 £8.92g 5 A KA B 81 & 0 T oY
£ 324+60cm T IR E 85.74£42.75g; 4 AT B 22 B TIORE 5 27.1+37

cm > TR E 5 51.890+£21.05g (@ 5) -

PERFT R AR RAR A BRAR BN AR FA P H BRI ARG
A BB IERRE KGR T OUERD R AR eI % o
AT E L BT F RAA DA R IOA AT R
BETEpz ¢ 5 NEF A S Rl (Bl 6)e RFHRDT FR- AF 2
R B TR AN o S EETE o mR L BOE T EA R
(Acanthochondria eptatreti) - " &|-k 3 P (Order Cyclopoida) #t 11 & 3 4 (Family
Chondracanthidae) > 11 4. % % (Genus Acanthochondria) - ER Y AR rEARE g1
cme EHF EFSESQEMERESTE > a 2AMANE] 0 8 1mm o HEINE
Ak o AR B AR FL DB & FOFFEINP R L RA ) TR
EFEFR R T g I h B AR F A FFEN R (B T)em i it gedip P TR
AF S AR MEAER WY AR R A g JIER ) F SR R A

Mgy
32 ABi MH2 PCR-RFLP &8 %

R %P 106 & f 4% e (7 PCR-RFLP R % » @ R A 46 - S8 8

glper 2D 7 AR (B 8-9) Rz < )’% (Abollo et al., 2003; D'Amelio

20



et al., 2000; Quiazon et al., 2013) & 4:(1) = A. pegreffii- 12 Hinfl 1= * {4 & 5] 370 bp>
300bp 2 250bp = B # £ > Hhal it * 2173 550bp %2 430bp = B #E ; (2)5 A
smplexs.s. > 2 Hinfl iT* {217 3] 620bp 2 250bp & B 5 £ > Hhal it * {58 3] 550
bp 2 430 bp & I * £ 5 (3) 5 A. pegreffii 22 A smplex s.s.cngE e fd > 14 Hinfl &%
s3] 620bp~370bp~300bp % 250 bp = B % £ > Hhal it * {s ¥ 3] 550 bp 2 430
bp % i ¥ £ (4)5 A typica: 4 Hinfl % 5 5] 620 bp # 350 bp & i % £ Hhal

€% 155 310bp ~ 210bp ~ 180 bp ~ 150 bp 2 100bp 7 B * £ (% 1) -

(5)~(6)~(7) =k Efl* PCR A4 T 5 » T2 FRE (NCBI) A
$rEind f80(5) 5 Anisakissp. (KC342894)> 12 Hinfl £ % 14 {8 3] 900 bp — i ¥ £ >
Hhal i * {5 ¥ 5] 360 bp~210bp~160bp %2 110bp = i 5 £ ;(6) = A. brevispiculata
(KC342887) » r2 Hinfl =% {5 ¥ 3] 900 bp — B % £ > Hhal i=#* & {# 3] 390 bp ~ 330
bp 2 190bp = & % £ ;(7) 5 H. amoyense (KP252133) > 12 Hinfl =% 14 % ¥ 660 bp
% 350bp & B 5 £ oHhal % 15 ¥ $] 360 bp~330 bp~130bp % 80bp = i & £ (%

1) -

106 SR A AP HRIEF 23 F A p BAOMBA 5T 8> ¢ 7 51 & A pegreffii~
1 & A typica~1 & A. brevispiculata~3 & H. amoyense~ 2 1 & A. pegreffii #2 A. simplex

s.s.E AT o EF AP AR BRA 158 > ¢ 7 12 & A pegreffii 2

3 & Anisakissp. o & EF 2 AR RER B A 31 ¢ z 58 A pegreffii~ 1 &
A. simplex s.s.2 25 & Anisakis sp. - #iEF 2 B ERA 3 0 ¥ 5 A
pegreffii -

Fle fa7 B% 7 A pegreffii g 4> Flut % + 2 4 20t A pegreffii Az f
AN 2 P AR A F Ao A pegreffii 2t S Ak #2 A ET AT A S
89% (S1/57) ~ ¥ 1§ L 47 # 5 80% (12/15) ~ ¥ L 47 # 5 16% (5/31) ~ »+ & %

A7 B 100% (3/3); % % Biw A pegreffii +> v S Ah5 B2 5 BT AT AL AT
21



Wi Wz 7 B (p<0.05) (F 10)

[
-t

Ji

33 REHFEZA¥TRE

33.1 w fdp B F Sl v RS 3T

265 Ep BRI AL > 2N 307 ERA ST EpBER L AR F
P IE AR IR g N P R E 0t INA € 1B DRI FE  vep
PO2EFRARBELE AaeE ]l RN F 01 A AIR BB A
Ao 1 EMRA e F ol AASZRHE ORI 1EaRA e 2 1 ERHFY

A o

FRAARFFL 2151% TR A%AL 539 /b4 THYER L
116 £ fi/k g o &5 p B A7 66 £ F< A BERNAAH 2528 FiFF5
48.48% > TIoR hsi B 7.88 £ A/ 4 0 TR G R 382 S A/ G HY - B
AERBRRE A 134 MG 96 EPRATRERIRL 16T FiTF 938% 0 T

BAHAE 178 &R/ h > THYERE 017 £ 4/ & 3 81 BiA <47 B %
MAHB L FAF1481% TR AR 2TS LA/ 4 T ER 041 £ 4
[ f3 22 B4 BAET Bk RS P R T S 18.18% 0 TR AR 1.5 & B/

Bog oo TR R 027 LA/ A (F2)-

FONART B MBS (48.48%) BIE A W NART & (9.38%) - AN EET

N

B (14.81%) % 4 847 & (18.18%)(p < 0.05) c AL A% R Y » = 87 B2 T
ERNFLE 0 FSHRBLMALYFR O82 LA/ Q) HER ARG
B(0.17 & A/E &) RS AR T R (041 & A/E &) 4 AT & (027 & A/E &)

<0.05) 0 B4 BI B2 RAR R FHIOEHFLE (+2)-

ARl 5265 L g H Y 2Bl A REI2E AT AS > FF

22



F519.62% TR L% A5 1.96 LA/ 4 0 TGRS 038 LAk 4 o 2
WA o AR B AT AR 800 & BT 63.64% 0 TR 45
B214 8 Ak 4 THE R 136 LA/ AP AT EBRN T AN LS 68
BEFA1T% T3 45 R 1.50 & 4/ 4 T3¥ G R 006 & A/ & 5 4 <4
FBBNRETAIES L FEF617% > TR LA 1.00 £ 4/k 4 > T5
Yok 006 &4/ & &8I B flas 1 & FFF 455 TR

R
255 R 1.00 &4/ & 0 TIOEG R 005 & A/E G (£ 3)

BETIAG R R SRS o FNAR T B R TR BT (63.64%) A

BRHBZ@BRH (p<005) AHBTAZZEARAR L A B AT Y REF
AR HAPARRIBEL BB IR LAY 5 1@ R A B

TP AR BZ BN AR E R (136 LAk L) BFR

4
Rz R (p<0.05) HAPEL ML ENFLE (43)-
332 AL A B g A Rl b S i

BRI A RSP E AR S S B 40 kRS RS e N2
BRI Pt 8 o 22 @ (Male) £ 73 k> BSMAFFFL 274%  Af LT85

BRLBRE 9688 /L4 RHETIHEF R Z263LH/E4 50 Ppfth g (Female)
12k RAEFFFL1974% RATIBR LB AE S 35T LH/E 4> SMFHTIS

YHAES 0T RA/E AL - ETR G FE G ERBHTOREFLE (24 -

BRE R B 27 AR RAR T L 4815% > T 4
WA 1346 £ A/ g > TIDEF R 648 & A/ 4 523 Eep TS AR B R B
A5 6522% TioR 45k 480 £ Ak G > THEEAEIIZ LA/ R o LE

A = SAF ERELEE e S SF-¥ T 4



5 &ig,ﬁﬁgg&%ﬁ,@ﬁ&ggc;; 0% > T Fag 4,5E)§«¥pli—]l¥»!ja‘;}§»b >
SR/ T8 Erp A AL B MAF TF 5 897% TR A %K 200 &4
2 F%' J—i”i’%)i()lg xﬂ.i,/f&é' °AF'T'+’F§J\4‘<&'F] ﬁ),i,—’quﬁia = 0> iﬂ-/z‘af”A’\

37 o

3 B ANARR B MAF 75 1842% TiOg L w A 471 LA/ 4
TG R 0.87 L h/k & 3T BRI AR B RAF RS 1351% 0 T2
BA5%Ak 320 A/ 4 > THEER 043 SR/ 4 © LR 4 FHEA AT

BUUFoEET LR .

3 A BRR R RABRFFE 0% THRAHAFIOEFATE O
SR/ 14 Erplt 2B B RAFFF 5 2143% T 4%k 1.67 &
BB g TG R 036 LA/E & o D BT B S RHE L 00 B

TR

P& N BRI S R (R0 B EE T3 2R
BB B 3004% B BTIAS TR AR L 250 B4R 4 F A4 T
W RS 075 S AR b s 152 k> A S F A S 1447% 0 B T
A TR ABRE 1S5S SAE G pBIIAL THEERE 022 A/ &
P L AR AR E A R ANA CEFRAPEFS LR (<

0.03) »

BBU R Y 027 R FAR M AT AR ETF S 7407% 0 T
BABES 265 T h/kd » THEHERL 1.96 /G 5 FEEEFNIT R
(Female) £ 23 k3 @143 F 755 60.87% T30 A%/ 5 1.71 £ 4/& 4

TIOEFER G 104 EA/E f oo ETE G RO BN TOAEFLE -

SR fRiP AR B R RIAG AT 0% TIORARAI LY A
24



SO0BA/E A TS BRI RS B A B TS 5 513%  TIog 45
BAH 150 8 A/k 4 THEGERE 008 &2/ & 2 EH B A REcE

50 mFEFAAT o

38 BipM i N ARR B BT AR BT 526% TR A% A 3 1.00 &
BIE G THEG RS 005 BA G 3T RS ET B RN A B
5 811% TR AHAL 100 E A/ 4 TIOEGRL 008 LA/ 4 LT

B FEN AT BRI PORFFLL -

3B BT HB AT A EFFS 0% T ERAELS 0L A/ 4
T RL0LA/E A AR BT R PRI AR EFS S 7.14%
TR AHAE E 100 EH/E 4 > THEEFE R 007 LA/ G o 2L B R

RASHE S0 m2eEstto

333 A B EERARE L S84 H

RAFFFHPHME UAFAS LEFLAT - & W & R G 2 R E
BFAEREREREFF - ML FBRZERHEF RS ) BUWE LB A1

3 s i iR A 4 -

PR FY o FNAR A PR RN RIMEERAF T
AEHFM (p>005) & ¥ BB FFE TR o AN B WEERS
(7 4 i Rl ZRFM (p<0.01)> £ 8 (oddsratio)s 117> &4p %
BMEH e lom BABFEH 4R AN1T% (B 1) #7F p B2 WE 2 RF 7
FFREe A T BN EERAEFFERF AN (p < 0.001) 0 2%

Fv s 115 FHEH 4 lomo B RS € B 4 R A 15% (B 12) -
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AR FEATY 0 SRR L B AR <0 D F N A L dom i 7 A R

e G e B R R R E A EA AT 0 0 p BRALE A s
AREREAFENMESRAB I HEFFRIAM (p<0.05 R = 0.9475)(H
B)er BrdreMEaBFEFF Y > FARPBMEERAZFEFER
EZALAM (P<005 R =06097); 4§ <47 BME S RA 2 B (755 mipH

(p=0.05 R =08998) - /L 47 HMELRAFTFEREMM (p=007, R =

&

04434) c 4 B#AFBMELRAF I IHEFRAIAAMN (p<0.05 R =0.96) (R

4

14) -

PEEEIRARE IR A MERGEF RN R FEFSIT - S1TT R
EAcRARLSRE  LELEEYRIME (p<0.01,RR=0.1416) (B 15)- &
w%ﬁﬂ’$%%%ﬁ@£?ﬁﬁ®%ﬁ&§%¥ﬂ&ﬁww(p<&%,#=
0.157); B AT RMELRAR 2% R > R FHM (p=0.65R =0.0317); %

5

DM

PRBMESRARABAESHEEFY RLPM (p<0.05 R =04209); 4 #47

BHMELRARABAE S EFEHM (p=0.19, R =0.6497) (F 16) -

b

fo

PHEMEERAERRLIAAMEREREEE T pBHEASRAYER B
FEMFMAIAAME (p<0.001, R=0.075) (B 17)° 5 <45 B & &
SEHFMATME (p<0.01,R=0.1023); 1 < 37 B 2

W (p=0.15R=0.0217):A 47 BHELEAAEFAIEFTHALIPNE (P<
0.001, R =10.1292) ; + B3 7 BWMEERALY F A AR F M (p=046 R =

0.0278) (% 18) ©
334 pHHMEE BN LR 2 ST

FRNALEESEFBME R RSB N FEA o 4w Bl fF
M RMEARGRET ARG A AR A RRARE FRIAS LGRS
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Bolp B4 A2 BT 83 By @i Fair B Y AEZRFE

HEE Mﬁﬁﬁﬁi@fﬂg;w s Mooy A BMEER BT AR EEF ARG

cm A EFREACEEETIBMES R BRNASEFIIRF B AN (P
<0.001, R* = 0.9069) (& 20)° # < %:7

(P<0.05,RR=05531); R A BHE L A BT AZEFFTARFTAMN
AR B (p=0.88, RR=0.0137) ~ A &k i (p=0.05, R =0.4762) ~ 4 47 i

(p=0.74, R = 0.0667) (% 21) -

PHBMES RN AR AR LA MIRREEE o o7 F AL o B

ARRABAEAT > BESHEFY AT (p<0.001, R=0.2287) (@ 22) - i =<
FEBIBEFYRIPM (P<00l, R=02542); = 2a s alFHH (p=
088, R =0.0144) ; A A7 BPR A% AT 2 1> $5HT R 5 847 8

- ARG fmFEFA (F23)-

PHHMEE BN A E R RZAPM RS R o A179TF p B L fop B
TAZE2%E  $%58F? A2 4M (p<0.001, RR=0.1685) (F 24) - 7 & 1!
AR 2ZER AR BB WER Y AEFAAM > FLARH (p=005 R =

0.0564) ~ 4§ < 57 & (p=0.53, R =0.0042) ~ 7+ < &5 # (p=0.16, R =0.0244) ~

S

4 A7 B (p=0.51, R =0.0224)(F 25) «
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41  FB2F4 A

R ET S X L TP SIFERICEIEET ELE Y SR T
e AEH B Y }’%F T e #4207 B4 A hw f& Acanthocotylidae #* 2. H 7
=% @& Myxinidocotyle eptatreti, M. californica, M. japonica and Lophocotyle
novaezeelandica (Malmberg and Fernholm,1989; Vaughan and Christion, 2010) » % #
4 @k o7 Archidactylinidae # 2. #8 & % Archidactylina myxinicola (Izawa, 1996) >

AAZET Y P AP

A H ARG R RER AP F IR B R AR Aeid B P
mAEETERYE CBEF %ﬁme‘é’uﬁ"’”%’?é‘éi%ﬁf;ﬁ_“lﬁ’ﬁt%?i
B x &R %4 %3 (Chen et al., 2010; Malmberg and Fernholm, 1989) o 4p ¥4+ %% ¢k 7%
BvY o A RERBIL - BEFTAM F AW FH O BREEZFTE AR LD
FA T R ER B FIEEARFA GBS g o B E
ARV AR XIHRRARET A ALY RPN B L E ARG o
A F 2 A Archidactylina myxinicola # # ** % 3 .2 % 37 Bk (Izawa,
1996) » % k7 B4 & F & 5 300-1000 m (Kuo et al., 1994) » = »v— L & 45 e (T L7
B Pl AT A aREDNAR B KA GNP A A GIFAR L 500-800
m (Jorgensen et al., 1998) » Ja |t fAHE L A HIFRFF DR B 5 F1 0 Fot &

ARy am AR BT RER -

ARG MA BRI S FANH T A BORees ¢ § 0 A
P A CEH B b ARMERN O MR BRF BRI AR R IEHA R
£% (£ 51996 % >2005; k2006 ; & > 2004 ; pt > 2007 ; F > 2013) o H 4
B4 FE LAY REERGEH SRS R OE s U ghE R
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PR N S RAT AL FAF L BETI AR E L
(Klimpel et al., 2004) o g+t > § F 1 ar» 753 BRI A[NFEHF LA AL L
TABRTAAAZERFAIRSA I FL o B KAFIMP S o BIFERGFAL

(accidental host) » 4 4 %5 ~ /& &% (Santoro et al., 2010) °

T B A B F A AP RS d FA G T R A AERET A
SORE - AF RSP RAF 2V EH AN Baoetal,2013) 7 @A LEd Kb
FearBBIAH Fohe LB g FIMAB R A g R
BABRTMAHE AR IBLY T FRFACY P KB 21 X2 5 T5%TRA

BT ARIAALFLS S RN IPRF AL T U E- EFRF (Ohetal.
2014) FI R BT S I GEF FRANEBS LML L 0 B ABBRT NG

AP B A - ER B SRR FRAF A R R (B 26) 0 F B[R L)
PEFI RGBS REAP DRI BRERET ARIAHLTOS) RS
BABL »epis P AT 4% R+ (Jorgensen et al., 1998; Zintzen et

al.,2011)  #&R 7 BF (T2 A8 MAZ FHFL  FRELY D A 25

B MG enF A AT °
14 % % (Genus Acanthochondria) P #F& % F 52 B i~ 48> 1 & F 4 30F% &

BRASH ¥ AT v fr s f R AR dot kg L R S B S (Poly
and Mah, 2001; Hoetal., 2011)>ig» &% - A F R4 5 BHF 2 W E 4 4855 B -
FEEEET e AR AHT Ahi o 2 R RE R BRI RS FI
FRR o B R e TR A BRI o BB A R Y F A TR
BRI T R BT AR EE T D AR B A R e A SR

GRS TS AR DA RY o BER T G AR R B F

ANBAREHFL cAFBNAZHFLE —BFEREZSH ENAZF2F
AHRpd AEFEYPORES AR T N FRORARAGFILIZFTEE
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## (Paterson and Poulin, 1999) c A 7 F & L A A A p @ v A B ¥ 5
45 8% (Genus Eptatretus) > p @ fl g2 L2 ¢ F 2Ll gl e BEF &
Lieg

AETEFErBRE AL AN A 0 2R F A AT Sl AR
2 P ILRTIES o ¥4 2014 & 1 5N & S ATHE (Cheng et al, 2014) » < F e85 S
BRB AR HE PR B SRR BA LR EIAS  BEFL FR
TR EBR BN AZRE L LB BE AR N - EXFIR S
B SHRAKERG RN A LE A RRFRIFL -

42 AERTAHFHE

AP DNA #h+ 5 PCR-RFLP ~ 4715 = # 3] Anisakis HsA = 5 A
pegreffii ~ Anisakis sp. ~ A. simplex s.s. ~ A. typica ~ A. brevispiculata ~ A. pegreffii £
A. simplexs.s.snE % L F14| (recombinant genotype) > 2 Hysterothylacium % —#& H.
amoyensee p# i it F A B2 F A ATies o # ¢ Anisakissp.2 H.amoyense i 4

A 2 B I0 57304k

A pegreffii 4% S BAF 4P R hF 2 UAAPF b A7 WP S
FAHELZELFEN PR 2B AR DF 2 S o A pegreffii 2 & 4 5
PASAM AT E g AT I T A TE LAY e T AB P AR 3RS
1173974 (Delphinidae) 5 # % % 1 (Kuhnetal,2011)> & 4% i@ /358 5 g f /5

9% (Tursiopstruncatus) ~ # # a5 9% (Stenellaattenuata) % % f&/% %~ i o

Anisakissp. 5 2 F % ¢ BB F - S L B FANANRT R P NAF
AP RRER M 0 2 s 2 B 2 %M (Hoplostethus cadenati)(Kijewska et

al., 2009) %2 § § 7 ##2 za| # (Pagellus bogaraveo)(Hermida et al., 2012) -
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FHARAF A SRS AR M FIL ) > BEREFHIFI DG GH A mHEPN L F
WP RS F 2 (Quiazon et al, 2013) « T34k 2 or | M fe 1k 5 R 4 47

AT E R A W G 200-700 m 2 150-300 m (Froese and Pauly, 2014) » £2 7L A 3k 5 #<h
/4 T 7 & 200-800 m 4p i (Jorgensen et al., 1998) > @ & & 4 5 % 1 ¥ HEE 5 A
& @ @A ARSI S 8 o ¥ b Anisakis sp.&2 A paggiae 2 A,
ziphidarum #.% B %2 #3177 (Mattiucci and Nascetti, 2006; Quiazon et al., 2013) - A.
paggiae # % F 1 i ik % 4k A 7 (Kogia sp.) » A. ziphidarum # % % 31 % rfir
(Mesoplodon sp.) » & fA s & > iFs L8 - R EA BT RA T L FRE T R
B ANAFAMLAFATL AR BEd FF L 2B T RADEAF

EP-F 2

A. brevispiculata # 2 ** AL B T RIEA T F 28 BB FLLGG
# % #7 (Mattiucci et al., 2007; Quiazon et al., 2013) » H i & 1 ehlk #x 40§ > -
A R Y Uk b BRI 6  Fl gk AT i 5 A brevispiculata 2 & ¢ ¥
TLenF i > A AR Y REAY Y THREFUY > BRLT FA00 L8
Rgz bk e d AN AT F 2 &4 (Chen and Shih, 2015) » ¢

P RTH B A brevispiculata F 2 0 ¥ iy F] @ » A Gt MG b b 2 EER KD

R
=
3
W
eyt

184 -

A.simplexs.s. P e dok Pt LA g 20 B U ek @ 4% F 0%

AR S TEZFHAITEDD ALAIEE > RO RAF 2 LRI ABFR F4

simplex s.s. > p & L W23 chp A4 (Scomber japonicus) # M & 5 ¥ £ (Suzuki
and Murata, 2011)> & % & A 3R] E_02 22 4 2 2 gt A pegreffii & 2 2 2 (% »2005) »
PORFT R YA AR B F A Smplex s BRAKRERE ¥ - & AR

B g #2 AERY MAMT R IR F SR RiEEA A AN LB
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A. simplexs.s.&2 A. pegreffii fe #3742 2 B ¥ F 3 - A simplexs.ss.i & & 1F
YRS 2 R s B A pegreffii Bl E_4 A£G ~ T4 58 (Kuhnetal., 2013) o
Ao pied AL T EFa ¥ F 7 MFRY - FREOE 2L T dopr ¥ R84
BRI AP ABLRY BABF LN S FEAGERSE T o hiB
< PG v R R € 2 A F]3 0% & (Abollo etal., 2003; Mattiucci et al., 2007) < &

S ER SR S FER N T (Fh 0 20065 % 5 2005) 0 AL A R

w

J?IFUE E.B{\r‘];n ll?' E_,V\;‘ﬁ':q‘;é‘!;% ﬁ o

Atypicai & » >4 2 LTAF B> BHERF L 2 HM > 4oigf 5%
FEAF AR S ATIEFBE O Th AR dod BT 3 s
BT > LR A ﬂi‘*ié@?%’ﬁ % 4 %4 (Kuhn et al., 2011 ; Chen and Shih,

2015; % » 2005 5 1k > 2006) » ig= 3 iFE A aER #e R AtypicaF 2 o

M e T AT A pegreffii v fER BUE ARAFEF AP F R LSS
BN A pegreffii FoAa v EEEF MR B = fE 0 A TR A A B &
FAEFAR AR RADBARINATRFFLAEIEGL ~BF A F 3 D
RRAG  hey ¢ R R OR N RE ) HART MO TR - B R D
T BT AR AR AR R § D8 12 A physeteris 1 & F 4 vk b &l
# 4 (Xiphias gladius) g % % +* & ¢ A physeteris» fwp|&| 4 Uk b 5 1 & &4

2 - (Mattiucci etal., 2007) - 7 B b4 M 5 & > ¢ 7 L 87 B - FE A

BT~ A T VAT M A E R o AT A R A [ ek p 7
PFERAMP AR QA 2 LR NARIAALBEY DL F o FUL

BESBAAR G HRAE WS AT (B ks 2 L L) 2 RF P T2

RAsA - REFCATRI S RS PRAP A

TR PN s RF R ET A FOFRRE B K 0 A5 5 10-270 m

20-261 m ~ 20-427 m (Mok and Chen, 2001; Jorgensen et al., 1998) » &~ fwiF & + F
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l“‘b

Ty BRI R AR B B2 P HIRA > R e v phense
Brenp A GIFER CRBIFES P - 2F B HAS L APF LI R R
Eap iR Ftaemnd A nd s A pegreffii A ARRER BOFLMH SR

4 & % Anisakissp.c H =t i A pegreffii- ¥ # 4 wiF & 5 200-800 m (Jorgensen et al.,
1998) » e is = fdp BiF - R HEyr S sF Rhy B2 Fpd o #
MR F2 MBI T TLE > B SBERT LB AF L BRGA A pegreffii 21 &
MFEA AL F A Anisakis sp.r § Y TR F AL BIRRZE F L A2 4 PR

e

#

43 R} FEEEAE

431 v AR BE A Sl RS G

-

BB F ARG RHLAT AR PR B ARA S PN

NHU BB AR ARAVRY B R MAL BBAT T HFL

tE I

VG A RGFAARG BN RATIC BRAR S AN 134 Lo LAy

b

FAARG B AMA LGRS MEA L L Z AT M

S

AT AR AERS 0 A AR RGNS ARG B AL EL P T
WS fEAEL S ERAFL AR RSB EF o F s nE. 0
B PR BET AR S AT haE o & AT AR R
G RRER  RFARPBIRAFFFZIEFAY RN L B - FFE 2

SR PRI BT RBT i X A ERARF DM R BERT AT
3=

(Sardella and Timi, 1996) -



B A % e

53

GRYMEFNAL

-t

AR R F A B HEAMAR Y hES S HFE Y RE HT1E R
Bt g T oA G M 4 i X% 8 (Boxshell, 2005) o #t 1] & 3 4 (Family
Chondracanthidae) i & % 2 ** KRR 44 > ¥ v FLEMFEH ® - @ p @14 3 &b
ARIEEIFEL > U AT PR BEER G TR AR T R REF A

RO P PR E RS F A o FARR BRI, o R AARE - F AN

CELSIE Y N LR S i SR PSR
[

ppwlsed o @M EARI RS2 RS ETERFLAE - APRA
GHRTT P R RSB AR L SR RAY # (Tantanasi et al., 2012) -

TR MR B B AR R A SR Y BT R B TR T AR
B2 3 AE R BB AF R A R S 00 ARFRFERAERT

R4 pBREYERTETASE S SRS AL B FELR o B

13’n-

SR OFNARR B AR B MR EREF L AR L > AN LA

432 G BALE AR B S A1

ARTRANFIMP AR A ERD S BT A (Scomber
scomber)~ v *L#F (S japonicus) iz A MABELE NFAF L B E T F
RA%ERHREMEZ §8 % B35 B 0 45 (Abattouy et al., 2011; Abaunza et al.,
1995); 2@ FEn K h2 L 2R L% AR TIHRT P (Tantanasi et al., 2012) 5 %
B T AR ARG E R R P RATF A 4 (4% 0 2006; Chou et al.,

2011) -
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BT 0 AR B RARL A I EF AR s A G

Ba3BemBAEEF L0 R A3 emBEFEFG PSS TR FARARAF o
FEFAAHEFRNLE TN R EBEd AL G > ZHFAM - BB =f75

BRIEAEHEFLLIE p>005) RFAF A A 2 PMERSEFFL R A 590 F

MEFFATY o FRARTBELFL TR A LR EERAF TS
BMERARLAPM - RF<ppol o fiidd b5 16 Bi& o &5 2 BiA
TR A mE A S 5 T BERA UL 3 B A A LAR BEAR
AR B PR e A 302 0 ) A B b T AL R Stag R
F R R L BHE S Bk Al A B4R PR R R B E & B

SEERTN I

* _gé.ﬁtﬁ’ E'F;m‘_f‘réu\*fr ;o |:L Q-EA\ E.@f’?,—é;ﬁﬁﬁﬁifé’: ’ E'J%Q/liéig*ij‘gtl

i o

B R Bk PR DR SR PR A L e AR B
S A A RIT U R A MR RE T TN A B RA R
A {g&.ﬁwﬁiﬁ L il ﬁﬁzé} ’?"’K&p—r "Lrp p BAEE B aET R 2

BFAFSERIAPH » HPMERS O B BT RE PRAF 75 o

,gé‘l-ﬂlj,i,\—; mﬂ i ‘fréﬂ,‘)’ J}El_ﬁ'ﬁig—\ ’ 1E1Flm Kﬁ'{fz T ‘ﬂg,ﬁ. L_%( 'Ef’F\ E -

e
e

s

R AAS PHRFFRMESAARAHA RALSHR AT

\
Db

e

FRBHESRAR LR RELZHEFY REPM 0 AN BN EERAR 2
BRAEFPRLIAAME > A PR BEL R BB EER

HEAM pRMEERARANAR PN BT L RAMES G MR F R
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POBSACNEET B AMA A RS RMER LR o R b

OB F AR R P AT B L AT RS GOl A RMER SL B

k

o REEERME S RAR LA PN ) BANE S RAR LHAEH
SHEYRIAM A R RS o TSP FE R AR R

B
BEAAGIBLIMEERAL R PRI EFLRIAAMN 3

433 BEBME SR BT 43R 2 282 A

MEHFAA2EAF 2R LSRR R EFF LMD K Pl
(Poulin et al., 1991; Mensink et al., 2014) - B{&iw g7~ 477 > = f& 5 @& &2 5 @ Tl

ﬁiWﬁﬁ%ﬁ%:@ﬁbﬁﬁﬁﬁﬁbﬁﬂ’%%%§ﬁ©£%£ﬁﬁﬁﬂﬁ

BERARAAM  HAZ BB CWER BN AR RS REFAN o F
LA 2428 A R E Y R 3 BHEAO N3 BHEATTR L AN B
5 5 100 % # #5370k A 4505 0 Rl FAOM o Fl b THEA S mBF

F2ZAPM AR PR Y g e ARKD B PR AT R R AT SRR
Frl e pAMEE BT AS FRF A BRiFaite sy SEFLAPH
FHEAIR A A B FRIF PR ES WA IS 2R BEE S

Mo LR RERIREAMN  BEr R ATAL BEFIFLL R

MARADFL > FRADFLZE w0y 7 RS R REEF L
o Fl A FAAFA PSR R (Loetal, 1998) 0 ATl 45 F 23
BOHCERS 4 R R s P F A A0 F A h ok (Poulin,
2000) » FtFA AR BME Z R B AR E SRR EAPM o PRARHET T
ERERACRET AP IOANHIBRZ BN AZESREYT 5 e mAPH S

LAMEE R 1 EERRIARE S > &RF AT T BBMEEEBTIA
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/é,\\

SRAHREFAI > BELHEY RIM > TIPS A~ £ BET BE 2
BRI TN B RME S B A R AR ST R F LA B

i S U e N A

B BME SR A S L E RIMEBREEY > AT B2 AWE BT R A
ARG RALRNENM D AA 0  AARMEE T EIAL R AR B

BMFEYRIAM - FIEGAFLIEA%AE FAFRE ) pBRMESL TR

FEGF U BTAIR AR LM REFRR SN -
44  pEBREARI RAE

AEBARPMEEART LY LSRG AR ARARDFE AT &

AP B
Iz a0 o B E G P NRE N o R QI ey o SR
BT SUMIE . BT FAHARFE AN EIE . 2 Gd R 2R DT H
R BIATRFG A RS gﬁ%%ﬁﬁﬁoaﬁﬁﬁ%%ﬁﬁiﬁ
Bkt AAWMTEHEE NI P §RAWTE N i FF
fzdagai=4 B9 ¥ e 70 F T pcopE (Specific spoilage bacteria) » &4
) PR BRI B A 2 it & (HpS) ~ = 7 A% (trimethylamine)
SRBCFRORR > FRFS SriE b O BEAASFEL 0 R A SR

74T (Svanevik etal,, 2013) > ® AL B MR G Vi id X AT R EARE -

M APHEHNGELT2EFLRRELR ARG EPT R E DR
Bt F o FPrE L EES o FUREG SRS PR EZREFAMR

T RA o H{IW S EAaR IR

—=
¥
e
>S4
)
7=
[
3
}\_

T
ﬂ

TZABT AT

WA o TRECEB R T

SR R T LB R (heat-stable allergen) @

El

it 3 % A f R a7 (Caballero and Moneo, 2004) °
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B - MBERERRLAS RY RFLEY G AR AR S A
Bk ety o BRa s1gE e 6 p i@ R s R He s o0 T 18 (Prion) § F-d 4T
SRR Y & S LT A o S O I IR e o SRR SR I S
B2k _E'_?k B % (Colchester and Colchester, 2005) » F]p* » B 4 %2 £ F £ < H

&

DR ek b e 38 RGEL () B IER e (2 X %) 49

Ry mmAAAEE S AFRE BRI FEURE ST E] 4 T RA
S AP A ETRTLAELKS AR AR FRUAET LA AR
PPN o BdITT o G S LR RS 2GR FA L WACER O SRR R
THAPRT MAERDBERF o a AR T AR Y S R R
i P iBATiLR (Armentia et al., 2006) o F 2k F TR T 0 1L SR AJE AR A S Ba
B A BARY RARRPRT A TR AR S DERY (Feste et al,, 2015)

FUF G ERAENEE R AR T ABEFIRAF A AHMM (Shihet
al. 2010) > %7 &% 4 A F R F T AP RAD > BT AR ST R AT

B AR A E AR RS R ARG T AR DA B R 2 EATR

SN ELETE EELE CEFRUSE EREERS TS L ¥
R R CEIE MR F 2B R A 0 Anisakis sp.3 H. amoyense : ¥ JZRT% A o
PR I sRIANACHEI FIaFiEFFLEE HrRELAFDEA

f R

8

FRBNE GRES LR 8 R R 0 AR R
MEBEFE R ENASEFINEEI NS Z A7 M - WAL P B

Br S B2 EF ARl g R 0 EMANF L PR @ RE AR
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AR ABI AR FLOIFEY 0T ARRET ) EF P B

£ BRIIGE R AR e

PRI R L G ABFBRIEA R G Y 0 5 Ade s AARE

Wb s PR f I NFAMGEANEL A AP THY AR B2 Y

SR

FARLNE S RETVIERBIFFLAIRBEEAET -
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54 2

A ST F 2011) c A ANERE . W2 s Xt e

L7 (1996) - LB TA Az P FARARE L EM R
PR FRFFEL

T (2005) RHFER TR R AR AR R F LB o AL
BB EAEREI P EREPER ko

B or g (2005)c AERT MAETCEAM L FAMGRE FEFALZ

Rz 2 F-BHFEFTFL T

B* o ALY o

HitE (2006) F L RAPFAFLEHBPEFE 2
BB FEFTEY e

LR ¥ LA

it o Ll > W4

FLE g2 7 %% o http://fishdb.sinica.edu.tw, (2013-12-5) o
%54 B (2001) - PEFLABRY MG o L < hdE 0 F 138 > [-13F o

Bk (2004) c TR MAFTALS F AL FAMG - fLh B2 E$ 8

@;;};ggﬂ%;ﬁ%ﬁﬁ—c

ER (2003) AT 8 AR BT B(R B2 ATFAT LG 0 B

mFeEg (2004)- ¢ &3R5 B Eptatretus chinensis (Myxinidae, Myxiniformes) 4 #g £ #

BB BML T AL 0 Y LA B T

R %If (2007) © 12 ﬁ&‘? 4 P %Q/Eﬂ %_ /? A R A AN A AL

B RIARAEEFEE{EL

I ECVAL T EARE (1999) 0 AMF L AEE D A o A AURAL o

EFg Q013)c FAPL AL EPMZ FAMEUR FEFLAZ Y - AL
? 7@] %I? §éﬂ*ﬂ§£ﬁ {II’“MTO

W (2008) 0 & KGR A~p B o KT T R8> AR EL A €k A
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201 FBMARELFRLAAPRALS BN CREEEE BB
_ _ PCR product .
Parasite species . Hinfl Hhal
size (bp)

A. pegreffii ~1000 370-300-250 550-430
A. simplexs.s. ~1000 620-250 550-430
recombinant genotype

N , ~1000 620-370-300-250 550-430
(A. pegreffii / A. simplex s.s.)
A. typica ~1000 620-350 310-210-180-150-100
Anisakis sp. ~803 WCS 360-210-160-110
A. brevispiculata ~900 WCS 390-330-190
Hysterothylacium amoyense ~937 660-350 360-330-130-80

WCS: without cutting sites
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No. of infected No. of

Species Sample size Prevalence (%) Mean intensity Mean abundance
host nematodes

Eptatretus burgeri 66 32 252 48.48%* 7.88+24.37 3.82+17.29*

Eptatretus yangi 96 9 16 9.38 1.78+1.20 0.17+0.63

Eptatretus sheni 81 12 33 14.81 2.7542.63 0.41£1.39

Eptatretus taiwanae 22 4 6 18.18 1.5+1.00 0.27+0.70

Total 265 57 307 21.51 5.39+18.40 1.16+8.76

*47 3 MELB (p<0.05)
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23 vARBRAARETAL LR SRR

No. of infected No. of

Species Sample size Prevalence (%) Mean intensity Mean abundance
host copepods

Eptatretus burgeri 66 42 90 63.64* 2.14£1.56 1.36+1.61%*

Eptatretus yangi 96 4 6 4.17 1.5+0.58 0.06+0.32

Eptatretus sheni 81 5 5 6.17 1.00£0.00 0.06+0.24

Eptatretus taiwanae 22 1 1 4.55 1.00£0.00 0.05+0.21

Total 265 52 102 19.62 1.96+1.45 0.38+1.01

*47 3 MELB (p<0.05)
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Male Female
. . Prevalence Mean Mean ) Prevalence Mean Mean

Species Sample size i . Sample size ) )

(%) intensity abundance (%) intensity abundance
E. burgeri 27 48.15 13.46+36.53  6.48+25.75 23 65.22 4.80+10.95 3.13+9.04
E. yangi 5 0 0 0 78 8.97 2.00+1.29 0.18+0.68
E. sheni 38 18.42 4.71+£2.30 0.87+1.33 37 13.51 3.20+3.27 0.43+1.56
E. taiwanae 3 0 0 0 14 21.43 1.67+1.15 0.36+0.84
Total 73 27.40 9.60+29.56 2.63£15.78 152 19.74 3.57+7.85 0.70+£3.72
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Male Female
. . Prevalence Mean Mean . Prevalence Mean Mean

Species Sample size ) ) Sample size ] )

(%) intensity abundance (%) intensity abundance
E. burgeri 27 74.07 2.65+1.79 1.96+1.93 23 60.87 1.71+£1.27 1.04+1.30
E. yangi 5 0 0 0 78 5.13 1.50+0.58 0.08+0.35
E. sheni 38 5.26 1.00+0.00 0.05+0.23 37 8.11 1.00+0.00 0.08+0.28
E. taiwanae 3 0 0 0 14 7.14 1.00+0.00 0.07+0.27
Total 73 30.14° 2.50£1.77°  0.75£1.50° 152 14.47° 1.55£1.06°  0.22+0.67°

(a~b) el BFELE (p<0.05
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TR RAITS BAIG HInflpg2 iv% 2§ A~ 478 - Lane | © A
pegreffii ; Lane 2 : A. simplex s.s. ; Lane 3 : recombinant genotype of A. simplex
s.s. and A. pegreffii ; Lane 4 : Attypica; Lane 5 : Anisakissp. ; Lane 6 : A.

brevispiculata ; Lane 7 : H. amoyense - M: 100bp ladder marker °
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pegreffii ; Lane 2 : A. simplex s.s. ; Lane 3 : recombinant genotype of A. simplex
s.s. and A. pegreffii ; Lane 4 : Attypica; Lane 5 : Anisakissp. ; Lane 6 : A.
brevispiculata ; Lane 7 : H. amoyense - M: 100bp ladder marker °
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Abstract A new species of Acanthochondria Oak-
ley, 1927 (Copepoda, Poecilostomatoida, Chondr-
acanthidae), parasitic in the pharynx of hagfishes
Eptatretus burgeri (Girard), E. sheni (Kuo, Huang &
Mok) and E. yangi (Teng), from off Taiwan is
described and illustrated. The new species can be
distinguished from its congeners by having the neck
region longer than wide (about 2-3 times as long as
wide), the moderately long protopod of leg 2 (Type E),
the endopod of leg 2 as large as exopod, the
cephalosome wider than long, the armature formula
of antennule (1, 1, 2, 2, 9), the relatively long trunk
(6.7 mm) and egg-sacs (14.4 mm). This is the first
record of a parasitic chondracanthid from hagfishes.
The findings may provide insights into the phyloge-
netic relationships and interactions among chondr-
acanthids, hagfishes and demersal fishes, but call for
further molecular studies.
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Introduction

Acanthochondria Oakley, 1927 is the largest genus of
the family Chondracanthidae Milne Edwards, 1840
(see @stergaard et al., 2003). Ho & Kim (1995)
provided a key to the genus including 43 valid species
and a summary of their recorded hosts. Kalman (2003)
described a new species, Acanthochondria hoi Kal-
man, 2003, and revised the key including all accepted
species of Acanthochondria in Ho & Kim (1995) and
two additional new species, Acanthochondria kajika
Ho & Kim, 1996 and Heterochondria zebriae (Ho,
Kim & Kumar, 2000). Since then, six new species
have been discovered and described: A. triangularis
Alves, Luque & Paraguassu, 2003, A. serrani Braico-
vich & Timi, 2009, A. alleni Tang, Kalman & Ho,
2010, A. helicoleni Cantatore & Timi, 2010, A. sagitta
Alarcos & Timi, 2011 and A. lilianae Cantatore,
Lanfranchi & Timi, 2011. Thus, the genus presently
has 52 valid species of highly modified parasites of
teleost fishes, occurring in the oral, branchial cavities
and nasal cavity or cloaca of their fish hosts (Ho &
Kim, 1995; Boxshall & Halsey, 2004). Species of
Acanthochondria have never been recorded from
hagfishes.

In the present study, examination of four species
of hagfish from off Taiwan resulted in the discovery
of chondracanthid copepods of the genus Acantho-
chondria in the pharynx of Eptatretus burgeri
(Girard), E. sheni (Kuo, Huang & Mok) and
E. yangi (Teng). This paper provides a description
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of this copepod species that we believe is new to
science.

Materials and methods

A total of 50 E. burgeri, 81 E. sheni, nine E. taiwanae
(Shen & Tao), and 94 E. yangi were collected from
Da-Xi Fishing Port in Yi-Lan County between
November of 2013 and March of 2014 and examined
for parasitic copepods. The copepods were removed
from the fish and preserved in 70% ethyl alcohol for
storage before being studied and measured. All
copepod specimens were cleared in 85% lactic acid
for at least 24 h before taking measurements and
dissected. Dissection of appendages and body parts of
copepods was carried out under a dissection micro-
scope in a drop of lactic acid (Humes & Gooding,
1964). The removed body parts and appendages were
examined under a compound microscope. All draw-
ings were made with the aid of a drawing tube. All
measurements are in millimetres and are presented as
the range followed by the mean. The number of
copepods per infected fish was used to calculate the
parasitological indices including prevalence, mean
intensity, and mean abundance, following the defini-
tions in Bush et al. (1997) and Roézsa et al. (2000).
Morphological terminology follows Boxshall & Hal-
sey (2004); species identification was achieved using
the keys provided by Ho & Kim (1995) and Kalman
(2003). Fish taxonomy follows the Fish Database of
Taiwan (http://fishdb.sinica.edu.tw; Shao, 2014).

Order Poecilostomatoida Burmeister, 1835
Family Chondracanthidae Milne Edwards, 1840
Genus Acanthochondria Oakley, 1927

Acanthochondria eptatreti n. sp.

Type-host: Eptatretus burgeri (Girard).

Site: The copepods appear in the dissected pharynx
(closed to branchial basket) of host (Fig. 1A, B). Male
is much smaller than the female and is attached
directly to the female via special nuptial organs
(Fig. 1C, see @stergaard & Boxshall, 2004).
Type-locality: Off Yi-Lan County, Taiwan.
Etymology: The specific name, eptatreti, is derived
from the generic name of its host.

@ Springer

Fig. 1 Inshore hagfish, Eptatretus burgeri, infected with
Acanthochondria eptatreti n. sp. A, Parasitic copepods in the
pharynx of host (indicated by white asterisk); B, Female in the
dissected pharynx of host (indicated by white asterisk); C, Male
(white arrow) attached to a female. Scale-bars: A, 1 cm; B,
5 mm; C, 3 mm

Type-material: Sixty-three $9 and 45 33 copepods
were collected from E. burgeri, 5 22 and 3 33 from
E. sheni, and 5 2% and 5 33 from E. yangi. Holotype
(HAGFISH-COPEPOD 001), allotype (HAGFISH-
COPEPOD 002), and paratypes (HAGFISH-COPE-
POD s001) have been deposited in the Department of
Life Science, National Taiwan University, Taipei,
Taiwan.

Prevalence: 62.8% in E. burgeri; 6.2% in E. sheni,
4.3% in E. yangi.

Mean intensity: 2.3 in E. burgeri; 1.0 in E. sheni; 1.5 in
E. yangi.

Mean abundance: 1.41in E. burgeri; 0.1 in E. sheni; 0.1
in E. yangi.

Description (Figs. 2—4)

Female

Body (Fig. 2A, B) relatively elongated, lacking
external segmentation, 10.8-12.6 (11.7) long, with
greatest width 1.8-2.0 (1.9) (n = 3). Head (Fig. 2A,
B) small, slightly wider than long, bears median
longitudinal sclerotised bar. Neck (Fig. 2A, B) mod-
erately long, consisting of first and second pedigers,
c.2-3 times as long as wide, 2.0-2.2 (2.1) long,
0.8-0.9 (0.9) wide. Trunk (Fig. 2A, B) cylindrical,
longer than wide, 6.1-6.9 (6.7) long, 1.9-2.1 (2.0)
wide, bears pair of processes about equal in length to
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Fig. 2 Acanthochondria eptatreti n. sp. Female. A, Habitus, dorsal view; B, Habitus, ventral view; C, Genito-abdomen, ventral view;
D, Caudal ramus; E, Part of egg-sac; F, Antennule. Scale-bars: A, B, 1 mm; C, E, 0.5 mm; D, 0.02 mm; F, 0.05 mm

median genital complex plus abdomen combined.
Genital complex (Fig. 2C) wider than long, attached
to posterodorsal surface of trunk. Abdomen (Fig. 2C)
globular, small, carrying caudal rami. Caudal ramus
(Fig. 2D) with 5 setae in basal region; terminal portion
spine-like, covered by spinules. Egg-sac (Figs. 1C,

2E) multiseriate, longer than body, about 11.0-17.2
(14.4) long, 0.58-0.64 (0.62) wide.

Antennule (Fig. 2F) fleshy, cylindrical, with un-
swollen basal part and slender terminal part; armature
formula 1, 1, 2, 2, 9. Antenna (Fig. 3A) 2-segmented;
basal segment large, with an outer marginal seta;
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Fig. 3 Acanthochondria eptatretin. sp. Female. A, Antenna; B, Labrum; C, Mandible; D, Paragnath; E, Maxillule; F, Maxilla, the inset
is a large seta on terminal segment of maxilla; G, Leg 1; H, Leg 2. Scale-bars: A, D, E, 0.02 mm; B, C, F, 0.05 mm; G, H, 0.2 mm

terminal segment a curved claw with sharply pointed
tip, bearing an inner seta. Labrum (Fig. 3B) unorna-
mented, projected posteriorly at both free corners.
Mandible (Fig. 3C) with 21-27 teeth on convex side
and 18-25 teeth on concave side of terminal blade.
Paragnath (Fig. 3D) a small fleshy lobe. Maxillule
(Fig. 3E) resembling small lobe tipped with 2 unequal
setae. Maxilla (Fig. 3F) 2-segmented; first segment
greatly robust and unarmed; terminal segment with 1
large seta covered by several fine spinules and 1

@ Springer

minute seta in basal region and a row of 6-8 teeth on
terminal process. Maxilliped (as in male, see Fig. 4D)
3-segmented; first segment largest but unarmed;
middle segment squarish, with spinulose lobe distal
to spinulated medial surface; terminal claw with
subterminal teeth. Leg 1 (Fig. 3G) short, bilobed,
protopod bearing outer seta; exopod slightly larger
than endopod, both carrying spinules on bluntly
pointed surface. Leg 2 (Fig. 3H) as leg 1 but protopod
much longer.
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Fig. 4 Acanthochondria eptatretin. sp. Male. A, Habitus, lateral view; B, Caudal ramus; C, Antennule; D, Maxilliped; E, Leg 1; F, Leg

2. Scale-bars: A, 0.25 mm; B, C, E, F, 0.02 mm; D, 0.05 mm

Male

Body (Fig. 4A) 0.92-0.97 (0.95) long, with greatest
width 0.63-0.65 (0.65) (n = 3). Segmentation of
body indistinct. Cephalothorax (Fig. 4A) incorporat-
ing first pediger more than half of total body length.
Caudal ramus (Fig. 4B) as in female but much

smaller, armed with 4 setae on basal portion.
Antennule (Fig. 4C), antenna, mandible, maxillule,
maxilla, and maxilliped (Fig. 4D) as in female, but
carrying an additional seta at terminus of antennule.
Leg 1 (Fig. 4E) and Leg 2 (Fig. 4F) similar in
shape, with longer outer seta on protopod; exopod
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with 2 terminal elements; endopod reduced to small
unarmed lobe.

Remarks

Following the keys to species of Acanthochondria (see
Ho & Kim, 1995; Kalman, 2003) and the descriptions
of six species (see above) discovered subsequently,
only six species (Acanthochondria tchangi Yi, 1935,
A. inimici Yamaguti, 1939, A. platycephali Heegaard,
1940, A. diastema Dojiri & Ho, 1988, A. uranoscopi
Ho & Kim, 1995 and A. serrani) were characterised by
having neck region longer than wide. Among them,
A. diastema and A. uranoscopi are remarkable by
having a very long neck (about 8 times longer than
wide) whereas the remaining species (A. fchangi,
A. inimici, A. platycephali, and A. serrani) possess a
moderately long neck (about 3 times as long as wide).
Acanthochondria eptatreti n. sp. also possesses a
moderately long neck (about 2-3 times as long as
wide). However, it can be distinguished easily from
A. serrani in having extremely long protopod of leg 2
(Type E, see Ho & Kim, 1995) and from A. fchangi,
A. inimici, and A. platycephali in the possession of the
following morphological features: (i) the endopod of
leg 2 as large as exopod; (ii) the cephalosome wider
than long; (iii) the armature formula of antennule (1, 1,
2,2,9); (iv) relatively long trunk (6.7 mm) and egg-
sacs (14.4 mm). It should be pointed out that there is a
tiny difference between E. burgeri, E. sheni, and
E. yangi; the latter two species seem to have several
spinules on the inner-terminal surface of maxillule,
otherwise, they are identical.

Discussion

There are more than 300 species of copepods classi-
fied in 50 genera of Chondracanthidae and approxi-
mately half of them are highly modified parasites of
marine demersal fishes (Boxshall & Halsey, 2004;
Walter & Boxshall, 2014). Among them, Acantho-
chondria, consisting of 52 valid species, is the largest
genus. Recorded hosts of Acanthochondria spp.
include Antennariidae, Bothidae, Callionymidae,
Chimaeridae, Gobiidae, Hexagrammidae, Paralich-
thyidae, Phycidae, Platycephalidae, Pleuronectidae,
Priacanthidae, Sebastidae, Serranidae, Sillaginidae,
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Soleidae, Synanceiidae, Triglidae, and Uranoscopidae
(see Ho & Kim, 1995; Boxshall & Halsey, 2004). All
Acanthochondria spp. are considered to be ectopar-
asites, attaching to the oral, branchial and nasal cavity
and the cloaca of host (Boxshall & Halsey, 2004). Our
discovery provides the first case of parasitic chondra-
canthid copepod inhabiting the pharynx of hagfishes.

Eleven species, including six species of Eptatretus,
two species of Paramyxine and three undescribed
species of hagfish, have been recorded from off
Taiwan (Mok & Chen, 2001). All of them occur
mostly on the continental shelf and the upper range of
the continental slope. So far, we have collected and
examined four species of hagfish (E. burgeri, E. sheni,
E. taiwanae and E. yangi) occurring in northeastern
waters of Taiwan. Acanthochondria eptatreti n. sp.
was only found from the pharynx of E. burgeri,
E. sheni, and E. yangi, while E. taiwanae was
uninfected. Since many species of hagfish have not
been examined yet, it is impossible to determine
whether these associations represent true host speci-
ficity at the species level.

Paterson & Poulin (1999) have shown that the host-
switching events in chondracanthids occurred within
host fish orders, particularly for those benthic fish
belonging to the order Gadiformes. The host-switch-
ing event of A. eptatreti from demersal fishes to
hagfishes might have occurred through evolutionary
history due to the fact that hagfishes feed on various
demersal fishes. However, the present distribution of
parasites is a result of interaction processes between
parasites and their hosts in the evolutionary time and
the symbiotic copepods with low levels of host
specificity may not show a co-evolutionary relation-
ship with their hosts (Poulin, 1992). Further studies on
the long-term prevalence and intensity of A. eptatreti
in hagfishes are required to uncover their host
specificity and molecular studies on the phylogenetic
relationships and interactions between hagfishes,
demersal fishes and Acanthochondria spp. will be
needed to investigate whether the parasites co-evolve
with their hosts.
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