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A% A7 2 (A, B, O)

223 HE v RF Polydora hoplura (D)



3. A4 3%
7h dEAA GOl 7 Y]

1. Branchiae from chaetiger 2 (from chaetiger 7 in early juveniles). Chaetiger 1
without notochaetae. Posterior notopodia with heavy recurved spines in
addition to capillaries. Hooks accompanied by inferior capillaries throughout
body; hook shaft without constriction - Boccardiella hamata

- Branchiae after chaetiger 6 in all-size individuals. Chaetiger 1 with or without
notochaetae. Hooks accompanied by inferior capillaries only in a few anterior
neuropodia, if at all; upper part of hook shaft with or without constriction 2

2(1). Chaetiger 1 with capillaries in notopodia. Hooks accompanied by inferior
capillaries in a few anterior neuropodia; upper part of hook shaft without
constriction eeeeeeeeeeee Dipolydora 3
- Chaetiger 1 without notochaetae. Hooks not accompanied by capillaries;
upper part of hook shaft with constriction «eeeeeeeeeereeenes Polydorab

3(2). Packets of needle-like spines present in notopodia from chaetigers 21-25 in
addition to capillaries -wwwwsesemmsmmsmsnssssisnnne. Dipolydora bidentata
- Packets of needle-like spines absent in notopodia ::weeeeeeeeeeeeeeses 4

4(3). Caruncle to end of chaetiger 8. Pygidium large fleshy cup with only dorsal
incision. Gizzard-like structure with four chitinous plates Dipolydora aff
socialis

- Caruncle to end of chaetiger 3. Pygidium trilobed, with one ventral lobe and
two smaller dorsal lobes. Gizzard-like structure without chitinous plates
.......................... Dipolydora trilobata

5(2). Caruncle without occipital antenna. Posterior notopodia with only capillaries

- Caruncle with occipital antenna. Posterior notopodia with modified spines in
addition to capillaries -eeeeeeeeeeee 8

6(5). Black bands present on palps. Lateral sides of prostomium with black
longitudinal stripes. Gizzard-like structure present in end of oesophagus.
Chaetiger 5 falcate spines with small lateral tooth and narrow subdistal
longitudinal flange above it. Caruncle to end of chaetiger 3 ==weereeeeeeescesceecefyrody-1 aP

haswelli



- Black bands absent on palps. Lateral sides of prostomium plain or with

diffused black pigment, no stripes. Gizzard-like structure absent. Chaetiger 5

falcate spines with lateral tooth. Caruncle over chaetiger 2 or 3 -+ 7
7(6). Caruncle to end of chaetiger 2 e Polydora calcarea
— Caruncle to middle of chaetiger 3 Polydora onagawaensis

8(5). Chaetiger 5 with dorsal superior capillaries; falcate spines with short and
wide lateral tooth connected to main fang by thin sheath. Posterior notopodia
with heavy recurved spines in addition to capillaries Polydora hoplura
- Chaetiger 5 without dorsal superior capillaries; falcate spines with lateral

flange. Posterior notopodia with packets of needle-like spines in addition to

Capﬂlaries ............................................................................. PO]j/dOI‘a aura
b AE Wz A8 R

@)

©)

A=A gzt HF R F: Polydora hoplura, Polydora haswelli, Dipolydora giardi,
Polydora latispinosa, Boccardiella hamata, Polydora calcarea, Polydora
onagawaensis
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XL 2AAYG E ASFH 9 2d T 2 2 T
Sampling site Date Species No. of species

Sinji Is. 30-Mar-05 Polydora hoplura 7
Bogil Is. 07-May-13 Polydora hoplura 8
Dipolydora giaedi 2
Pyeongil Is. Polydora ]Jas'WG'Jlj 1
07-May-13 Polydora latispinosa 1
Polydora hoplura 30
Polydora latispinosa 1
Boccardiella hamata 1
07-May-13 Polydora hoplura 17
Nohwa Is. Polydora hoplura 19
20-Jan-17 Polydora calcarea 4
Polydora onagawaensis 3
Seohwa Is. 11-Nov-13 Boccardiella hamata . 1
Polydora onagawaensis 10
20-Nov-13 Polydora hoplura 17
Boccardiella hamata 1
27-Nov-13 Polydora hoplura 13
Polydora onagawaensis 1
Soan Is. Boccardiella hamata 2
i Dipolydora giaedi 10
14-Jun-16 Polydora haswelll 2
Polydora hoplura 8
Cheongsan Is. Polydora haswelli 1
13-Feb-17 Polydora hoplura 8
1

Polydora latispinosa




Y 4. 95 AE gz FAeE YBR[ Polydora hoplura®l E1% EHFE2 93

7]. anterior end, dorsal view, showing black bands on palps (A); left lateral view,

showing short occipital antenna on the prostomium (B); distal fragment of palp, with
fronto-lateral rows of short papillae with non-motile cilia on top arranged along
frontal groove (C); basal fragment of palp, with short papillae with non-motile cilia
on top sparsely scattered on abfrontal surface (D); posterior chaetigers with heavy
recurved spines in notopodia, dorsal view (E); posterior end, showing cup-shaped
pygidium with middorsal gap, dorsal view (F); bidentate hooded hooks from a middle
neuropodium (G); spines and slender capillaries from a posterior notopodium (H). an—
occipital antenna; br—branchiae; he—heavy sickle-shaped spine; If —latero—frontal
papillae with non-motile cilia; pr—prostomium; py—pygidium; sl—slender awl-like
spine; sp—heavy spines in notopodia; sb—modified chaetiger 5 with heavy falcate
spines in notopodia. Scale bars: A, B = 500 ym; C-F = 200 ym; G, H = 50 pym.
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Morphology and biclogy of Polydora heplura Claparéde, 1868
(Annelida: Spionidae)
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Abstract

Polvdora hoplura Claparede, 1868 = one of the largest species among congeners, anzEning & cm in beagth sand 2 mm m
widsh for more than 200 chaetigers. It is & harmiful shell-borer unintentonslly ransported with objects of aquaculture
across the world. Bref onginal descripoon snd absence of type matertal resulted in confusion with the identification of
this species. Herein we review previous records, establish @ nsotype and redescribe P hoplurg based on newly collected
material from the rype locality, the Gulf of Naples. We also describe worms from other localities in Isly, illusoate adult
morphology and report gradual development of taxonomic features of this species in ontogenesis based on marerial fom
South Korea.

Key words: polychaste, mxonomy, bioinvasion, shell-borer, oyster, abalone

Introduction

The spiomid polychzete Polydora hoplura was onginzlly descnbed as a borer in barnacle shells in the Gulf of
Maples, Tymheman Sea, Ialy, by Claparede (1368). The species was also found m bamacles m the Gulf of
MMarseille. France (Manon & Bobretzky 1873) and soon thereafier was reported as a common borer 1o oysters and
other mollusks m France (Giard 1881; Samt-Joseph 1894: Sombar 1903; Domalle 1907; Fauvel 1927, Dollfus
1932; Larwy & Andrs 1937; Comet & Eullier 1951; Lejart & Hily 2011}, Ttaly (Carazz: 1893; Lo Bianeco 1893
Graeffe 1905; Frem er al. 1983; Colognola er ol 1984; Solis-Weiss eral 2004; Castelly er gl. 2008}, Brtazh Islands
(Melntosh 1909, 1915z b, 1923; Wilsen 1928; Clavier 198%). Spain {Ricja 19172, 1931; Aswrezabalaga 1984;
Arero & San Martin 1986; Parapar of all 2009), Netherlands (Bomnga 1951}, Montenezro and Croatia (Grasffe
1503; Poizr 1572; Stjeplenié 1974; Imc 1952; Labwa & Hrs-Brenko 1990 Porar-Domae 1978, 1994; Mikac
2015, Portugal {Amowewc & Calvane 1981; Vasconcelos er al. 2007), Gresce (Sunbowra & Micolaidou 2001
Earahs aral 2003), and Belsium (Zmteen & Maszsm 20100, Chtade Furope, P hoplura was reported bonng m soft
hmectone, sandstone and shells of ovsters, sbalone and other molnsks m South Afnea (Day 19535, 1967; Nel eral
1996; Someon ef al. 2006, 2010; Sunon & Booth 2007; Boonzaaer er all 2014; David er al. 2014; Wilkame= et al.
2016), Ewwmt (Mohammmad 1971}, New Zealand (Read 1975; Handley 1995: Handley & Berpqmst 19973,
Aupntrahia and Tasmania {Blake & Eudenov 1978; Hutchings & Turvey 1984; Llsonart 2001; Lleonart er f 2003),
Tumesia (Ayan er al. 20050, the Aesean coast of Twkey (Cinar & Dagh 2013), 530 Paulo, Brazil, and Califorma,
USA {Fadashevsky & Migotto 2016). It was reported as cne of the most senous pests causmg damape to culhvated
oysters and abalone 1 South Afnea (Nel eral 1996; Simon ar al. 2006, 2010; Simon & Booth 2007) and mortality
of abalone cultivated m Tasmaniz (Tleonart 2001; Lieonart er @l 2003, As Polvdora uncinara Sato-Okozhs, 1958
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(zee Badashevsky & Mipotto 20160 Sato-Okoshi er gl 2016, it was reported from Japan (Sato-Okoshs 1998,
1999), Chale (Radashevsky & Olivares 20:03), South Korea (Sato-Okosha e al. 2012), and Western Australia {Sato-
Okosha & Abe 2012 (Fig: 1).

Polydora hoplura 1= one of the largest species amonz congeners, attainmg 6 cm m length and I ma m wadth
for more than 200 cheetizers (Carzz=i 1893; Lo Bianco 1893). It 15 also one of the most desouctive chell-borers,
considered 3 pest negatively affacting ovster and zbalone cultwre {Sonon & Sato-Okozhn 2015%

The tmef cnimnal deseniphon and the absence of tvpe matenal have resulted m confusion with the
1dentificahon of this species. Heremn, we establizh a neotvpe and redesenibe P hopluwra based on mewly collacted
matenal from the type localiny, the Gulf of Waples. We also descnibe worms from other localines m Ialy, illustrate
zdult morphelogy and report gradual development of taxonenue feamres of thiz species m onfogenesis bazed on
matenal from South Eorea.

FIGURE 1. Msp showing world-wide records of Pohdors hopiurg and collectng sites reported in the present smady (red
mmibers), I—Ialy {Claparede 1868; Camez 1803; Lo Bisaco 1803, 1900, Fresi o &l 1983; Colognola o al 1984)
2—Meditemranesn France {(Maron & Bobretzky 1875 Soulier 1903). 3—Adanfic France (Giard 1281, Szins-Toseph 1894;
Dionrvilke 1907; Dwollfus 1921, 1232; Comet & Enllier 1951; Lejart & Hily 2011} 4—Britich Ilands MMclntosh 1908, 1015,
1023; Wilson 1028; Clavier 1980} 5—editermanesn Spain (Fioja 1931 Acers & Sam Martim 1986). 6—etherlands
(Fominga 1951, Belgium (Zinrzen & Mlassin 20100, 7—hlontenezro (Stieplevic 1874 E—Pormzal {Amowerx & Calvaro
1081, Vasconcelos of al 2007). &—Atlantic Spain (Aznirezabalzga 1984, Parapar o @l 2009 10—Croana {Tebura & Hrs-
Branko 19800 Traly (Solis-Weiss e al. 2004). 11—Greece (Simboura & Micolaidon 2001 ; Earslic erall 2003}, Turkey (Cinar &
Dagli 2013 12—5owth Africa (Day 1967, Mel er ol. 1096, Stmon er @l 2006, 2010, Simon & Booth 2007). 13—Jew Zealand
(Faad 1975; Handley 1995; Hendley & Bergquist 1987 14—Anstralia and Teomania (Blake & Endenon 1975; Lleonart 2001;
Lisomart ¢t al. 2003). 15—Austzaliz (Hutchings & Tarvey 1984). 16—Tmisia (&vasmi of ai. 2008} 17—S80 Paato, Brazil and
Californis TFSA (Fadashevsky & Misome 2016} Record: of Pofdora wecinats {green numbers): 15—5Sam-Okoshi 1008,
1008 12— Radacheycky & Obivares 2005, 20—Sao-Ckoshi ¢f @l 2008, 21—Sato-Chodhi o al. 2012,

Alaterial and methods

Field collections were made m France and Italy m June—Taly 2014 and 1 South Korea m 2013-2016. We collected
gastwopods, bivalves, bamacles and coralhne algae manually in the miertidal zone and in cultivaton farms, and also
collected zamples wath srabs on board research veszels. Polychaetes were remonved after cracking infested shells
with a hammer and phers. relaxed m izotonie mapnastum chlonde and examimed alive under ipht mucroscopes m
the laboratory. We photographed Inve relaxed mdviduals wsing mucroscopes equpped with digital cameras. Final

Y - Foetaxa 0000 (0] & 2017 Maznolia Press RADASHFVEEY ETAL
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plates were prepared wsmg CorelDREAWENS soffware. After examinanon, we fived worms m 10% formahn
solufton, mnsed i fresh water and tansfered to 707 ethanol Fixed specimens are depomted m the polychaste
collection of the Museum of the A V. Zhnomm=ky Inshtute of Manine Biology (MIMB), Viadivostok, Russia, and
m the Library of Manire Samples of the Korea Insntute of Ocean Science and Technology (EIOST), Jansmak
South Eorea: Complete infonnation about samples 1z provided below, m the Material sechon of the Resulis. along
with the dezenpaon of specimens. The number of specimens 1m a sample 1= Ziven m parentheses affer the musenm
abbreviation and rezistaton mombar

Resulis

Polvdora hoplura Claparede, 1568
(Fizs 24}

Poldora koplura Clzparede, 1868: 318319, pb. 3001 g 2; 1869: 5830, pl 3040, fiz 2; 1870: 5858, pl. 301 fig. .
Maron & Bobrecky 1875 84. Caraze 1803: 70-21, pl 2, Sg= 6. 7, 13, 16, 18. Lo Bianco 1803: 30; 1908: 584 Saint-
Toseph 13584: 63, Soulier 1903: 8384, Gg. 12 Douwille 1907 364365, fiz. 7. McImtosh 1909 173-174; 191 3a: 212-213;
19150h: pl. 101: &g 10, pl. 106: fg &; 1923: 486487, Fawvel 1927: 50, fig. 178—z Wilson 1928: 578583, textfiz. 2. pls
V=VII (larval morpholo=y). Fead 1075 411412, fig 6 Blake & Eudenor 1978: 264, Sz 47. Hutchings & Tarvey 1984:
15 Colopnola of al 1984: 748. Lleonarr 2001: figs 446, 9. 26-32 David of ol 2014: i 44 (larval morphology).
Poadashevsky & Migouo 2016 1-7, figs 2-5 (adult and larval morphology). Sato-Okoshd ef al. 2016: 3-6, figs 4, 7.

FPolydera (Polydora) hopiura: Bioja 1931 (Parr): 70, pl 19, Sgs 813 Harmmaon-Scheader 1971 305; 1064 318

FPofydora koplura hopiura: Day 1067 468, fig 182%k-—m

Levcodora sanguinen Giard, 1881: TI-73. Fide Dollfios 1921: 17; 1832: 275,

Polydora uncimarg Sato-Okooshd, 1908; ppe 278280, fiz. I; 1998 p. B35 Fadashevshy & Olivares 2005: 491404, fgz 24
Samp-Okoshi er al 2008. 493405, figs 2—3; 2012: &7, fips 4A-B, D@ Saw-Okoshi & Abe 2012: 43—34, fig 3. Fide
Radashevsky & Migotto 20146: 2; Sato-Okoshi ot al 2016: 4.

Alaterial. Ttaly, Trhenian Sea. Campania, Gulf of Naples, Port of Ischia, Ischia Is. 40,74439°2 13 93943°E,
miertidal Radashessky, VI & MO Gambi, 07 Jul 2014: from shell of live whalk Seamonits haemastoma
(Lmnzeus, 1767, SLIF 000000 (neotype), two mdnaduals from zhells of hve whelk 5 hosmasroma and two
mdividuals from shell of live Euvopean flat ovster Ostrea eduliz Linnzens. 1758, MIWME 28148 (4). Tvrrhenian Sea
Lazio, Frumicmo, 41.7739°H, 12.2189°E, from a shell m fouling of artificial platfoom st 5, 5 m spung 1979,
(Gambi, M.C_, MIMB 33027 (34), 33028 (7). Ionizn Sea, Apulia, Taranfo, 40.4323°N, 17.2405°E, 1 m, from shells
of the ovster 0. sdulis, Radashevsky, VI, 15 Tul 2014, MIME 33029 (25).

France, Brittany, La Manche NE to Roscoff 48 T487°M, 3.0062°W 40 m from empty seallop shell
Radaskevsky, VI & C. Houbm, 27 May 2014, MIMB 33020 (1). Aquitaine. Bav of Biscay, Arcachon Bay:
Jacquets, 44721 2°H, 1 1887"W, from shells of Pacific ovster Crassosvea gigas (Thaoberg, 1793), Radachewsky,
VI & 5 Gasmu, 12 Jun 2014, MDIVEB 33031 (22%; Ia Chapelle, 44.6645°N, 1.1802°W, @ m_from shells of Pacific
ayster C. gigas, Radashevzky, VI & B. Gowlhewx 13 Jun 2014, MIMB 33032 (25). Legallaic, Avcachon,
446639147 H, LIT3%77T"W. rocky intertidal from shell of sastropod Oecemsbra eriracens (Linnaeus, 1738)
occupred by hermat erab Clibamariuz eryehroprs (Lamalle, 1818} Lavesque. M. 16 Mo 2016, MIME 33064 (3
Langoedoc-Foussillon, Gulf of Lion, Lencate, 42 8778°N, 3.0229°E, 2 m from chell: of the Paeific oyster C.
gigas. Radashevzky, VI & C. Labnme, 26 Tun 2014, MIMB 33033 (19).

South Korea, East Chuna Sea, Jeollanam-do Provinee, Wando County, from shells of abalone Haliosns discns
hanmai Ino, 1953 cultivated 1 czpes: Simp Is., 34.345°N, 126 886°E, 30 Mar 2005, MIME 33034 (T); Bogl I=.,
34 IB25°N, 126.5514°E, 7 May 2013, MIMB 33035 (8); Eeunnl Is 34.4611°N, 127.0275°E, 27 May 2013,
MIMB 33036 (30); Nobwa I, 34 226117°N, 126 425833°E, 07 May 2013, MIME 33037 (17); Sechwa .,
34.31T°M, 126.5075°E, 20 Now 2013, MIMB 33038 {17); 34.191°N. 126.635°E, 27 Now 2013, MIMB 33039 (13);
Soan Is; 34.191°N. 126635°E. 14 hm 2016, MIMB 33057 (8). Yeocheon County, Yeomu 34.6344°HN,
12764058°E, from shell: of abalome cultvated m land-based tamks. 12 Mov 2013, MIMB 33040 (2}
Gyeongzangnam-de Province, Geoje Is., from shells of sultvated Pacific ovster £ gigas: 34.82°M 128 5°E 22
Oet 2013, MIMB 33041 (4); 34.97°N, 12862°E, 31 May 2016, MIMB 33056 (7). Jeju Province, Jeju Is.. from
shells of abalone H discus hanmai cultivated m land-based tanks: 33.472252°N, 126.912332°E. 23 May 2013,
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EIOST BSMA 2 (15), MIMB 28076 (120+). Cheongjeonghze Ficheres, 33 3560127, 126.182154°E. 28 Aug
2013, MIMB 33042 (13). Dongpn Fishenies, 33 4353425°N, 126.266602°E, 28 MNov 2013, KIOST BSMA 12 (7),
MIMVE 33043 (12); 28 Mar 2014, MIMVEB 33048 {30+ 30 Apr 2014, MIME 33049 {10+); 30 May 2014, MIMB
33030 (20+). Halla Abalone, 33 4T0857°N, 126 917034°E, 28 Neow 2013, EIOST BSMA 13 (16), MIME 33044
{15 27 Mar 2014, MIMB 33047 (6+). Jaetl Fishenies, 33 469882°N_ 126 918601°E, 28 Now 2013, KIOST BSMA
14 {16}, MINE 33045 (100+); 3 Jun 2014, ETOST BSMA 8952 (50+), MIMB 33045 [100=).

150.03 mm

showing black bands on palps. B, same, left lateral view, showins shom oocipital sntenns on the prostomnm . C, distal fasment
of palp. with fronto-latersl rowrs of chort papiilae with non-metle cilia on top arransed slongz fromtal grocce. I hazal frazmens
of palp. with short papillse with nop-motile clis oo top spasely scatered oo sbitontal surface: E, pestenior chastizers with
beavy recurved pines in notopodia, dorssl view. F, postenior end showing cup-shaped pygidiom with muddorsal gap, dorsal
view. {5 bidentste hooded hooks from 3 middle nevropodionm. H. spines and slender capillaries from & postenior notopodiom.
ar—occipitl amenna; br—branchise; fe—heavy sickle-shaped spime; [—lateso-fromeal papillse with pon-mofibe ciliac
pr—prostomnm; m—ypysidium s—slender awl-like spine; jp—heavy spines in notopodia; s5—modified cheefizer 5 with
besvy falcate spines m notopodia Scale bars: 4 B =500 pm; C-F=200 pm G H=50 pm
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FIGURE 3. Adult morphology of Pobdora hoplure (Sowh Forea). A palp with repularly armnped black pared bands. B,
relstonships berwean number of black bands on palp and tom] oomber of chestizers In womy C, relatonzhips betwesn lenzth
of cammcle (o chaetdger mumbers) and total nomber of chaedgars inwone. D, relagonships between armngzement of branchize
{referming to munber of the last branchiste chasdger), arrangement of spines in posterior ndopodiz (refeming fo oumber of the
first spine-hearing chaetizer) and total oumber of chaetgers in womm

Adult morphology (Alaterial from the type locality, Gulf of Naples, Italy). Neotype (SMF 000000} largest
complete individual 30 mm long, 1.5 mm wide with 175 chaetigers: other indreiduals (MINME 381483 8 to 11 mm
long. with 60 to 100 chastigers. Pizmentanion abzent on body. Mo pizment on palps mm a &0-chastizer mmdmadual
and in an individual 11 wm long wath 100 chashzers; 73-chashizer mdmidual and neotvpe with five and seven
pamed black bands on sach palp, respectively. Prostomiwm anfericrly meised. extending postenoriy to end of
chaetiger 3 as a low canuncle. Ooopital anterma absent m &0- and 73-chaetiger mdriduzls; larger mdnaduals.
mehiding nectype, with short occipital antennz on prostomium. Eyes absent in neotype; up to four eyes present or
eves absent in other mndividuals. Chaetiger | with shert eapillanes ol m newropodia. Chastiper 5 wath up to four
dorzal supenor winged capllames, six heavy falcate spanes alternsting with bilmmbate-opped compamon chaetas.
and s1x ventral winged capillanes; falcate spmes with laterz] flanze. Hooded hooks m newropodiz from chashger 7,
up to ten mm a semes, Dot accompamed by capllanes; hooks bidentste. with constnction on shaft. Posteror
notopodia {from cheetiger 135 onwards mm a 1 75-chastizer neotype) each with 1-2 heavy recurved spines and a mft
of slender capillanes; spines with cuwrved tips dwected medially. Brenchize from chastiper 7 contimung postencorly
along most of body {(on cheetgers 7-134 m neotvpe). Pymdnm white, cup-shaped wath dorsal gap. OF five
mariduzls, fwo were females (173-chastiper neotvpe with oocytes in chastigers 40-113), teo bad no gametes, and
one was male (10 mm long wath 75 chastizers, with branchize on chaetigers 7-39. and nototrochs composed of
anzle rows of cihia) with spermatocvtes, tetrads of spematnds apnd mdnadeal spermatozoa (mbresperm wath
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elongated head and midptece, simalar to those wm other Polvdora species) flosting m coslom m chaetgers 2944,

Orther material from Italy and France. Large worms of a s1ze range mimlar to specimens from tyvpe loczhiy
{zea above). Black pigment diffinsed on antenior part of prostomium (m front of eves) 1n some mdnadnals, varving
from weak onkby on lateral sides to mnfense on lateral and dorsal sides of proctomum. Siwwlar piement of vanabie
mtensity diffused on dorso-lateral sides of penstonmmm mm seme mdnaduals. Up to ten black paned bands prezant
on each palp and black pizment diffuzed on py@pdium m some mdriduzls. Notopodia of 3-16 pesterior chashgers
with heavy recurved spines 1n addition to capillaries. Pygdnm flaning dise with wide dorsal zap.

AMaterial from South Korea (Pohvdora hoplura m Eorean galgeni-kin-solgool-zat-ji-nims-1 meamng a long
face worm with book). Up to 55 nom long and 2 mmi wade for 180 chaehizeis. Body pale to bight tan m hife; wath
mmnerous glandular cells on dorsal side from chaefigers 10-15 grang dorsum whitish appearance (Fig. 2A)
Femamns of lavval melanophores present on dorso-lateral sides of 15-16 antenor chastizers m indraduals up to
5060-chastizer stage; larger wormes wsuzlly lacking black mament on body. Black namow longttudinal stinpes on
Izteral sides of anterior part of prostormom and 2 pair of small biack patches on dorszl aide of penstommem present
m three mdividuals (of more than ope thousand exapuned). Up to 25 black pared bands present on each palp m
mdnviduzls wath more than 50 chaehgers (Fiz. 2A-D%: band: usually regulaly amanged and of equal mtensity
zlong palp (Fiz. 34); m some indmndnzis bands more intense and distimet on distal half of paip. Mumber of bands
weakly correlated with total oumber of chaetipers 1 an mmdnadual (Fig. 3B}

Prostommmm with shallow antenior mesion often seen only in ventrzl view, posteniorly extending to end of
cheehger 3 (uwsually to maddle of chaehger 3) a= a low canmele, shorter i =mall mdivdusls (Fig 3C). Short
ooripital antenna present on canmele m mdmiduzls with more than 90 chastipers; soalier mdnadnals nsuwally
without antenna Two paws of black eves wsually present Palps as long s 15330 chaetngars, wath lonmmudmal
frontal groove hined with fine ctha, latero-frontz]l monle compowund cilia and papillae wrth short nen-motile eiha
densely aanged in 45 rows along both sides of frontal groove (Fig. 2C), and alzo sparsely scattered on [aterz] and
sbfrontal palp swnfaces all alonz palp length (Fiz. 2D

Chaehger 1 wath short capallanes m newropodia and small pestchastal lamellae 1o both ramu; notochastae
abzent. Notopodia of postenor chastizers with twre kinds of heavy spmes m addmeon to 26 slender capillanes (Fig.
2H). One spins slender and shightly corved. awl-like (Fig. 2H, :I), zecond spine heavily recurved. sickle-zhaped
{Fiz. 2H he); spines with curved nps directed medially. Slender zwl-hike spines fist appeaning in chastiger 18 in
novemles with 18-19 chaebeers, while heavy sickle-shaped spmes first appeanns m notopodia 1 puvemles wath
25-30 chastigers (Table 1- 23-chastiger mdiadual). Both kmds of spines bemimming from more posterior chasthgers
m larger mdividuals (Fig 30 what can onky be explained by thenr falling out from antenor potopodia with growrth
of worms. Slender awl-like spines and heavy sickle-zhaped spines developing and falling cut at different rates and
therefore. arrarzed m notopodia differently (Table 1), In otopodia of new segments developmyg mn growth zone m
front of pyzidmom in worms with more than 25 chastipers, capullaes and heavy sickle-zhaped spines developing
firzt while slender awl-hike spine: developing later Consequently, notopedia of a few posteniormost chastigers
beznngz only capallaries and heavy smckle-shaped spines. With prowth. heavy sickla-shaped spines of antenommost
spime-beanng notopodiz fallime out Srst while clender awl-ike spmes flhng owt gradually afferwards.
Conzequently, notopodia of a few antericimost chastizers beaning only capllanes and slender awl-like spines.
Middle spine-beanng notopodia having both kinds of spines m addibon to capillane:. Anfenor poaton of spines
correlated with anzngement of branchiae (Table 1), In small indivaduals, spimes first preasent from 4-17 chastigars
zfter last branchiate chaenger In mud-size mdraduals, slender awl-like spimes wsually flom last branchiate
chaetger and heavy sickle-shaped spmes nsuzlly bepnming 1-3 chaetizers after last branchizte chastiger. In large
madviduzls, slender awl-like spines usually from 1-3 chaetipers before (st branchiate chastiger whole beavy
sickle-shaped spmes wsuzlly bemmming m iast branchiate chastizer or in next chaetizer after 1t

Chaetger 5 twice az larze a= chaetigers 4 and &, wath up to s dorsal supenor winged capillanes, seven heavy
faleate spines aranged inoa slightly curved diaponal row and ziternating with mlimbate-tpped compamon chzetas,
and seven venfral winged capillarmes. Dorsal superior and ventral capillaries shorter and fewer than those on
zdjacent chasnzers. Faleate spmes wath large subdiztal flanee on Iateral zide; upper and wmer parts of flange
thinner than lower and owter parts, thus in newly developed spines (situated m posternor part of spine row) whole
structure appearng as a large tooth joined to main fang be thon sheath; m older spipes (situated m anterior part of
spine Tow) lateral fiange greatly worn and mdisomet.

Hooks m ewropodia from chastger 7. up to 12 10 a3 senes, not accompamed by capillanes. Hooks tadentate;
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shaft shghtly cunved, wath weak constnction 1n upper part (Fig. G0

Branchiae from chaetper 7, full-sized from chaefigers 10-12, pradually dmuniching m size along postenor
half of body. sbsent oo 320 postenonmost chaetgers (Fig, 30Y). Branchize flattened, with surfaces orented
paralle]l to body aas; free from notopodial postchaetal lamellae, wath longrtudimal row of cilia along mper surface.

Motorochs from chashzers 7-8 onwards, each composed of one row of short salia, on branchiate chastigers

Pymdnm disk-likes to cup-shaped wsually wath distinet dorsal gap, white due to numerous stnated slandular
cellz (Fiz. 2F).

Glandular pouches m newropodia from chastiger 6 m mdviduals wath up to about 20 chastgers. from chasnzer
7 larger mdmvaduals; pouches large in chaetipers 79 and considerably smaller m successive chasfigzers

Dhigestive tract without ventral buecal bulb and gizzard-like stucture.

Mephndia from chaetizer 7 onwards, greemizh mn life: pars of nephndia on each chaetiger openimp to extenor
muddorsally via two closely situsted nephnidicpores.

Habatat. Adults of P hoplura make U-shaped bumows 1o shells of barnacles, vanows gastropeds and bivakves,
meludme abalone and oysters. Woom burrows appear as detrntal fubes meide shells: the walls of the bwrows ame
Imed wath detiimes, and median space of each arow 13 also filled with detirtus formang & medial wall. Each bumrow
opens fo the outsade 11a two joined aperhures forming a characterishie 8-zhaped hollow m 2 shell and extended by
two smooth silty tubes each up to 5 mm long.

In Itzlv and France, adults of B hoplira were found m shells of irve whelk Sramonita hasmazroma, Ewropezn
flar ovster Jrrea eduliz, Pactfic oyster Crassosirea gigas, empty shells of plenm scallop Pecten maximms
{Lmnaeus, 1738), and empiy shell of zastropod Ocemebra erimacsus occuped by hermt crab Clibawarins
mﬁrﬂ_pju. The woms were rare and did not cause serious damage to the mollusks.

.‘;

160.02 mm DI

FIGURE 4. Shells of abalone Halions aircus harar cldvated in land-based tanks and severely infested by Pohdora hoplira
(Fem L., Sowh FHorez. MINME 28076). A B, mner surface of shells showing respiratery holes of the molhuscs clozzed by
FPohwdora hoplurg. C, same, oeer surfzce of shell. T one abalone shell broken inte pieces. showing severe infeststion by abont
B0 indivichals of Polydora hopiura. Scale bar forall=2 om.

MORFHOLOGY AND BICLOGY OF POLFINWA HOPLLRA Zootaea 1000 (0) © 2017 Magnolia Press - |

_16_



TABLE 1. Usual arranzement of branchize, slender awl-like spme: and heavy sickle-shaped spimes m 17 postenor
chaetizers of different size individuals of P hoplura

15-chastiger mdividual 50-chaetger mdivcheal
chastdger ‘branchia awl-like sickle-like chasnger franchoa awl-Hke sickle-liks
spine ipine pine spine

B + M +

10 + 35 +

I + 35 +

12 + 37 +

i3 + 32 +

k4 EL +

15 + +

L] 41

17 42 +

L] + 43 +

o + H + +

0 - 5 + +

21 + L] + +

12 + 47 +

23 + 42 +

4 + 42 -

25 + 1 -
prEidurm Py Eidum
contimmed.

L 00-chastiger individual 150-chastizer indiidual

chastizer branchin awl-like sickle-like chastdger branchis awl-like sickle-liks

ipie spime Splne splna

54 + 134 +

B5 + 135 + +

g * + 136 + +

87 * + 137 + +

-] + 138 ¥ +

g0 + + 130 +

oo + + 140 +

o1 + 141 +

oz + 142 +

03 + 143 +

) + 144 +

o5 + 145 +

] + 144 +

9 + 147 +

0g + 143 +

] + 148 +
100 + 150 +
pyEidium pygudimm
£ - Zoormea 0000 (0) © 2017 Magnolia Press RADASHFVEEY ET AL
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In South Eorea, P uncinasa (= P hoplura) was first recorded 1o 2004 from the ovsters cultivated m Geoje and
Gosaong (south-eastern part of South Korea). ot not found m abalone cultvated 1n zea cages (Sato-Okoshs er al
2012). In the present study, we found up to tree worms per shell m abalone culttvated m cages o the sea m Wando
county, and 2 g of 80 larze worms m one shell of sbalone cultivated mm land-based @nks on Jeju Island
{Fiz. 4D In many cases worms caused formaton of dark browmn muddy or nacrecus, parchment-hike bhsters on the
muer shell swrface (Fig. 44-C). Heavy mfesmbon bv P hopinrg occasionally cansed secondary bacterial
mfestzhion, clogzing of respuatory pores and death of mollusk. In confrast to abalone, shells of the Pacific ovster C.
gigas widely cultnated around Geoje Island were ramely winfested by P hoplura which zeems to not effect ovster
condifion.

Dizenssion

Adult worms from France and South Eorea exammed 1n the present study appear ;imilar to those from Ishy and are
referred to the same species, P heplura. Earher, Badachevzky & Migotto (2016} for the first tme desenbed woorms
of the same morphology from 530 Paulo, Braml, and Califormia, USA, and showed that P uncinata ongmally
desenbed from Japan by Sato-Okeshi (1998} was identical wath P hoplura from the type loczhty in Ialy. Sato-
Okozhi er al. (2016} showad P umeinata from Japan and Awstralia and P Aoplura from South Afies were not
genatically different (based on J65, 185, 285 FMNA and o b sequences) and the worms exhibited geat overlapm
morphology. Thus, they recommendsd synonymyzation of the two spectes.

The ongmal and mest later desenpiions of P hoplura from European waters identified the recurved spmes m
postenor notopodia 25 a major diagnostc character of the spectes but did not mention prgment bands on the palps
and the occipital antenna on the canmele of lager specimens Because of this, Boccardislla hamata (Webster,
1879) was amroneously treated 2z 2 jumor synomm of P heplira (e.p. Carazn 1893), and the :ponge-bonng
Polvdora colowia Moore, 1207 worms were hkely misidentified a5 P hoplura by some amthors (e g, Southern
1914; Rigga 191Th; Southward 1956); both B. hamata and P colonia adults have recwrved spines m postenior
notopodia as m P hoplura.

Carazz (1893) and Lo Bianco (189 3) reported transverse brown band: on palps in Itahan specimens and Read
{1975} was the first to report a low ocerpital anterma m the specomens from New Zealand  Vanably developed daik
bands on palps, the ocorpital anferms, and the canmele extending to abmest end of chasfizer 3 were obsarved m
specimens fom the Gulf of Naples, Itzlv, examined in the present study. These feahres, 1n additton fo the recurved
spines in posterior notopodia, constituie 3 umgue set of adult morphelogcal chammeters to distmpmish P hoplira
from closely related =pecies. These characters were confirmed by earher suthors m mdnaduals fom Sonth Afnca,
Mew Zealand. Austrahia and Japan thus supporing conspecificity of ther specimens with P hoplira from Haly. I
should be noted that the frst three chavacters are size-dependent and appear some time affer sefilement and
metamoiphosis of ap mdndual

Patchy dishibution of P hoplura around the world (Fig. 1) has hkely been the result of umnfentional
tpansportatons of worms throush vanous buman acoiites. mamly abalone and ovsters aquacuimre. The worms
ware hkelv introduced from Brttany, France mto Dutch waters with imported ovsters used to replenich depletad
stocks (Kormnga 1951). Thev were tznsported with abalone brood stock from Japan to Chile (Badashevsky &
Olrvares 2005, as P uncinata), and also probably miroduced mio South Afnca (Mead sral. 20110

Althouzh P heplura has been known 1 Ewrope for almest 150 vears and only recently reported from A=zian
waters (= P wneinaa), 1ts nagve dismbution and place of ongin remain wneertam. The species may have
ongrated m Europe bt 15 also possible thet the wonms were introduced wath the Pormaguese ovster . angulana
Lamarck, 1819 transported by Portuznese. Spanich or Datch sailors from Asia at least fowr centimies age (Boudry
at gl 1998: Lapegue ar al. 2004; Wang af al. 2010). Az such, P hoplura 15 hikely a erypiogenic spectes 1 European
waters with actual place of ongin imknown. The conspectficity of distant populatons of P heplura requres genetic
confimation wiile the pative dishibunion and vecters of bansportation of the species actess the world need a larga-
seale population anabrsis,
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