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Abstract 
Two species of cyclopoid copepods are recorded in this study. (1) A new species of bomolochid, Orbitacolax brevispinus n. sp.
(Crustacea) is described based on adult females collected from the gill filaments and inner surface of the opercula of red bar-
racuda, Sphyraena pinguis Günther (Perciformes: Sphyraenidae), captured in Korean waters. The new species differs from its
congeners by the possession of two pairs of spines on the dorsal surface of the cephalothorax located just posterior to the 
rostrum and a different setal formula on the distal exopodal segments of legs 2–4. (2) A taeniacanthid Cirracanthus inimici
(Yamaguti et Yamasu, 1959) (Crustacea) is redescribed based on the specimens collected from the gill filaments and inner 
surface of the opercula of devil stinger, Inimicus japonicus (Cuvier) (Scorpaeniformes: Synancellidae). This finding is the first
record in Korean waters and the first description of male. A checklist of parasitic copepods of the families Bomolochidae Sumpf,
1871 and Taeniacanthidae Wilson, 1911of Korea is also provided.
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Introduction

Copepods of the order Cyclopoida Burmeister, 1835 are generally
free-living and/or associated with marine invertebrates, but Bo-
molochidae Sumpf, 1871 and Taeniacanthidae Wilson, 1911, are
typically parasitic on marine fishes (Dojiri and Cressey 1987;
Boxshall and Halsey 2004; Tang 2006; Kim and Moon 2013; Kim
2014). Bomolochids and taeniacanthids both have an unmodified
body with the appendages of the cephalothorax forming a sucker
(Dojiri and Cressey 1987; Boxshall and Halsey 2004). 

The Bomolochidae comprises 20 genera, including Orbita-
colax Shen, 1957, which contains 10 valid species (Shen 1957;
Dojiri and Cressey 1987; Boxshall and Halsey 2004; Kim and
Moon 2013). They usually live on the gills, in the nostrils,
mouth, and branchial cavities of their fish hosts. Copepods of 
the genus Orbitacolax are usually parasitic on marine teleosts 
although one was found on sea weeds (Leigh-Sharpe 1935;
Kabata 1979; Dojiri and Cressey 1987; Venmathi Maran et al.

2014). They have been reported from various fishes around the
world, as recently summarized in detail by Venmathi Maran
et al. (2014). Two species of cyclopoid copepods are recorded
in this study: (1) a new species of bomolochid Orbitacolax col-
lected from the red barracuda Sphyraena pinguis Günther, 1874
(Perciformes: Sphyraenidae), and (2) a taeniacantid Cirracan-
thus inimici (Yamaguti et Yamasu, 1959), which is redescribed
here since previous descriptions were not adequate in distin-
guishing its taxonomic features. Cirracanthus inimici was first
reported from the scorpionfish Inimicus japonicus (Cuvier,
1829) (Scorpaeniformes: Synancellidae) in the Seto 
Inland Sea of Japan by Yamaguti and Yamasu (1959) and later
by Dojiri and Cressey (1987) from Japan. 

Recently, Kim (2014) published a monograph of fish-
parasitic copepods including 11 genera and 27 species of 
cyclopoids . Later, one species of the genus Anchistrotos Brian,
1906 was added to the list of taeniacanthid copepods (Moon
et al. 2015). The recent increase on the known species diver-
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sity of parasitic cyclopoids in Korea is the result of intensive in-
vestigations on various marine fishes in Korean waters (Kim
and Moon 2013; Kim 2014; Moon et al. 2015). We also provide
a checklist for both the families collected in Korean waters.

Materials and Methods

Parasitic copepods were collected from marine fishes caught in
the Korean coastal waters from 2011 to 2012. The collected cope-
pods were preserved in 70% ethanol and subsequently soaked in
a drop of 80% lactic acid prior to examination using an Olympus
BX51 differential phase contrast microscope. Examination of
copepods was performed using the wooden slide method (Humes
and Gooding 1964). Drawings were made with the aid of a draw-
ing tube mounted on a Nikon Eclipse 80i microscope. After mi-
croscopical examination, each part of the copepod was dissected
using fine tungsten needle under the microscope and the dissected
appendages were mounted on a slide in lactophenol mounting
medium and were sealed under a coverslip using a transparent
nail varnish. In the descriptions, body length was measured using
a micrometer from the anterior margin of the cephalothorax to
the posterior margin of the caudal rami excluding setae. All meas-
urements are in micrometres unless otherwise indicated. In the
formula for the armature of legs 1–4 in the descriptions, Roman
and Arabic numerals indicate spines and setae of legs, respec-
tively. Morphological terminology follows Huys and Boxshall
(1991) and name of fishe species were confirmed using FishBase
(Froese and Pauly 2018). The types were deposited in the Na-
tional Institute of Biological Resources (NIBR), Incheon, Korea. 

Family Bomolochidae Sumpf, 1871

Genus Orbitacolax Shen, 1957

Orbitacolax brevispinus n. sp.

Type-host: Sphyraena pinguis Günther (Perciformes:
Sphyraenidae)
Type-locality: off the Strait, southern Korea (approximately
34°39´N, 127°40´E) 
Type material. Holotype ♀ (NIBRIV0000293097) from the
gill chambers of Sphyraena pinguis Günther caught off the
Strait of Korea (approximately 34°39′N, 127°40′E) collected
by S. Y. Moon, 1 June 2012. 
Site on host: Gill filaments and inner surface of the opercula.
Etymology. The specific name is brevispinus is a combina-
tion of brevis (=small) and spina (=spine or thorn). It alludes
to the transformation of a pair of spines on dorsal surface of
the rostrum. 

Description (Figs. 1–3)

Adult female. (holotype)

Body (Fig. 1A) flat and gradually narrowing from anterior to
posterior. Body length 1.92 mm (n = 1). Prosome occupying

about 74% length of body. Cephalothorax 527 × 860 μm, with
distinct protruding rostral area carrying 2 pairs of small spin-
ous processes on dorsal surface of frontal area, pair of small
spines on dorsal surface just posterior to rostrum (Fig. 1B) on
apex of cephalothorax. Second to fourth pedigerous somites
700, 590, and 397 μm wide, respectively. Urosome (Fig. 1C)
5-segmented, occupying about 26% length of body. Fifth pedi-
gerous somite wider than genital double-somite. Genital dou-
ble-somite (Fig. 1D) 138 × 229 μm, with convex lateral
margins. Three free abdominal somites 98 × 133, 53 × 123,
and 61 × 99 μm, respectively, from anterior to posterior, each
with spinules on ventral surface. Caudal rami convergent; 1.93
times as long as wide, with spinules on ventral surface and 1
large and 5 small setae. 

Rostrum with paired hooks on ventral surface (Fig. 1E).
Antennule (Fig. 1F) 5-segmented, with armature formula of
5, 20, 4, 2＋aesthetasc, and 7＋aesthetasc. First 2 proximal
segments having plumose setae and next 3 distal segments
bearing naked setae. Second proximal segment longer, bear-
ing 2 long, 4 small, and 14 medium setae. Second seta on sec-
ond proximal segment largest among setae on all 5 seg-
ments. Antenna (Fig. 1G) 4-segmented; coxobasis longer
than length of endopodal segments combined, bearing distal
seta; first endopodal segment with inner seta; second en-
dopodal segment bearing 2 unequal pectinate processes and
claw-like spine (large pectinate process with several rows of
spinules; small pectinate process with row of minute spinules
and small seta); third endopodal segment with 3 claw-like
spines and 3 unequal naked setae. Mandible (Fig. 2A) armed
with 2 apical blades, both blades spinulate along posterior
margin. Paragnath (Fig. 2B) tapering into distal part, with tuft
of setules proximally and row of spinules distally. Maxillule
(Fig. 2C) lobate, bearing 4 setae consisting of elongate,
weakly pinnate seta, 1 pinnate seta, and 2 smaller setae.
Maxilla (Fig. 2D) 2-segmented; proximal segment (syncoxa)
larger, unarmed; distal segment (basis) with proximal protu-
berance on posterior side and distally 2 spinulose spines and
1 small seta. Maxilliped (Fig. 2E) indistinctly 4-segmented;
first segment (syncoxa) bearing naked seta; second segment
(basis) with well developed posterolateral protrusion and 2
pinnate setae medially; third segment indistinct; fourth ter-
minal segment having first endopodal segment small un-
armed; second endopodal segment as strongly curved claw
bearing 1 seta proximally and small accessory claw on outer
margin of curved claw. 

Legs 1–4 biramous (Figs. 2F, G, 3A, B) and trimerous, ex-
cept exopod of leg 1 indistinctly segmented. Armature formula
of legs 1–4 as follows (Roman numerals = spines; Arabic nu-
merals = setae):

Coxa Basis Exopod Endopod
Leg 1 0–1 1–0 1–0; 3, 6 0–1; 0–1; 5
Leg 2 0–0 1–0 1–0; 1–0; 2, I, 2 0–1; 0–2; 3
Leg 3 0–0 1–0 1–0; 1–0; 2, I, 2 0–1; 0–1; I,2
Leg 4 0–0 1–0 1–0; 1–0; 2, I, 2 0–1; 0–1; 2



Seong Yong Moon et al.694

Fig. 1. Orbitacolax brevispinus n. sp., female. A. – habitus, dorsal; B. – rostrum, dorsal; C. – urosome, dorsal; D. – Genital doublé-somite
and first free abdominal somite, dorsal; E. – rostrum, ventral; F. – Antennule, ventral; G. – antenna, dorsal. Scale bars: A, 0.2 mm; 
B-F, 0.05 mm; G, 0.5 mm

G
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Leg 1 (Fig. 2F) bearing coxa, basis and rami. Posterior mar-
gin of intercoxal sclerite with 2 patches of fine spinules on each
side of medial region.Coxa with patch of setules on outer bor-
der; coxa and basis ornamented with rows of minute spinules.

Outer margin of proximal and second endopodal segments with
patch of setules. 

Leg 2 (Fig. 2G) intercoxal sclerite of leg 2 with rows of
spinules on posterior margin. Coxa bears row of minute spin-

Fig. 2. Orbitacolax brevispinus n. sp., female. A. – mandible, ventral; B. – paragnath; C. – maxillule; D. – maxilla; E. – maxilliped; 
F. – leg 1, ventral; G. – leg 2, ventral; H. – leg 5. Scale bars: A-E, 0.02 mm, F-H, 0.05 mm
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ules on distolateral margin. Basis ornamented with 2 dense
patches of minute spinules on posterior surface. Exopod of leg
2 segments with outer row of minute spinules. Endopod of leg
2 segments with row of spinules and setules along lateral mar-
gin; first 2 segments also slightly protruded distolaterally and
with row of setules along outer border; spines on terminal spin-
ulate along outer margin. 

Leg 3 (Fig. 3A) and Leg 4 (Fig. 3B) ornamented as in leg
2 except for absence of row of setules along outer border. 

Leg 5 (Fig. 2H) well developed, 2-segmented; protopod
fused to pedigerous somite armed with 1 dorsolateral pinnate
seta and outer patch of minute spinules; free segment (exopod)
ornamented with patch of spinules on distolateral surface and
row of spinules at base of each spine and armed with 3 spin-
ulate spines and naked seta. 

Leg 6 (Fig. 1C) vestigial, represented by 3 naked setae at
genital openings.
Male: Unknown.

Remarks

The new species Orbitacolax brevispinus n. sp. can be recognized
by three major diagnostic features: (1) the possession of two pairs
of small spinous processes on the dorsal surface just posterior to
rostral prominence; (2) the terminal segment of the maxilliped
represented by short and strongly curved claw; and (3) the setal
formula of the distal exopodal segment of leg 4 consisting of 2
setae, I spine, and 2 setae. Venmathi Maran et al. (2014) divided
the species of Orbitacolax into two groups based on the presence

or absence of 2 inner plumose setae on the second endopodal seg-
ment of leg 2. Orbitacolax brevispinus n. sp. is considered 
a member of the hapalogenyos-group, characterized by the pres-
ence of 2 inner plumose setae on the second endopodal segment
of leg 2. This group includes five species, namely: O. ha-
palogenyos (Yamaguti and Yamasu, 1959), O. pteragogi Kim and
Moon, 2013, O. trichiuri Kim and Moon, 2013, O. unguifer Kim
and Moon, 2013, and O. brevispinus n. sp.

The new species is morphologically similar to O. ha-
palogenyos, but can easily be differentiated by the following
diagnostic features based on the adult female: (1) the terminal
segment of the maxilliped consisting of short and strongly
curved claw (vs. long and weakly curved claw in O. ha-
palogenyos); (2) the presence of two pairs of spines on the dor-
sal cephalic area (vs. absence of spines in O. hapalogenyos);
(3) the endopod of leg 4 has 2 distal setae (vs. 3 setae in O. ha-
palogenyos); and 4) the distal exopodal segment of leg 4 bears
2 inner setae (vs. 3 setae in O. hapalogenyos). 

Orbitacolax brevispinus n. sp. differs from O. pteragogi in
the following features: 1) the presence of two pairs of spines on
the dorsal cephalic area (vs. absence of spines in O. pteragogi);
2) the distal endopodal segment of leg 3 bears 3 setae (vs. 2 se-
tae in O. pteragogi); and 3) the distal exopodal segment of leg
4 has 2 setae (vs. 1 seta in O. pteragogi). The new species also
differs from O. trichiuri by the presence of two pairs of small
spines, located just posterior to the rostrum (vs. absent in O.
trichiuri); the distal endopodal segment of leg 2 has 3 setae (vs.
5 setae in O. trichiuri), and the distal endopodal segment of leg
3 has 1 spine and 2 setae (vs. only 4 setae in O. trichiuri). 

Fig. 3. Orbitacolax brevispinus n. sp., female. A. – leg 3, ventral; B. – leg 4, ventral. Scale bars: 0.05 mm
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The new species can be distinguished from O. unguifer by
the following features: (1) by the presence of two pairs of spin-
ous processes located just posterior to the rostrum (not spines,
but horn-like hooks in O. unguifer), the distal exopodal seg-
ment of legs 2 and 3 have 2 inner setae (vs. 3 setae in O. un-
guifer), the distal endopodal segment of leg 2 has only 3 setae
(vs. II spines and 3 setae in O. unguifer), the distal endopodal
segment of leg 3 has I spine (vs. II spines in O. unguifer), and
the distal endopodal segment of leg 4 bears only 2 setae (vs. I
spine and 2 setae in O. unguifer). 

Members of Orbitacolax have low host specificity and re-
ported from several fish hosts (see: Yamaguti and Yamasu
1959; Cressey and Cressey 1979; Kim and Moon 2013; Ven-
mathi Maran et al. 2014). As an update we could now report
that Orbitacolax has 11 valid species, including the one de-
scribed herein: O. aculeatus (Pillai, 1962), O. analogus Ver-
voort, 1969, O. dactylopterusi (Carvalho, 1958), O. ha-
palogenyos, O. leptoscari (Yamaguti, 1953), O. pteragogi, O.
brevispinus n. sp., O. trichiuri, O. unguifer, O. uniunquis
Shen, 1957, and O. williamsi Cressey and Cressey, 1989. All
valid species of Orbitacolax can be differentiated from their
congeners using the key of Kim and Moon (2013). The struc-
ture of dorsal cephalic area and the leg setation of the adult fe-
male are of great significance in the identification. However,
most of the species of Orbitacolax are difficult to identify be-
cause of morphological similarities and the lack of detailed de-
scriptions. In relation to that, a more detailed research on mor-
phological and molecular analysis is needed for accurate
identification. 

Family Taeniacanthidae Wilson, 1911

Genus Cirracanthus Dojiri and Cressey, 1987

Cirracanthus inimici (Yamaguti andYamasu, 1959)

Synonyms: Parataeniacanthus inimici Yamaguti and Yamasu,
1959 – Yamaguti and Yamasu, 1953; Taeniacanthus inimici
(Yamaguti and Yamasu, 1959) – Dojiri and Cressey, 1987;
Cirracanthus inimici (Yamaguti and Yamasu, 1959) – Dojiri
and Ho, 1987
Material examined: 14 ♀♀ (NIBRIV0000638812) and 
3♂♂ (NIBRIV0000638813) from the gills of Inimicus 
japonicus (Cuvier), caught off Yeosu (approximately 34°39′N,
127°40′E), collected by S. Y. Moon, 1 September 2011. 
Site in host: Gill filaments and inner surface of the opercula.

Description (Figs. 4, 5)

Adult female

Body (Fig. 4A) elongate and slender. Body length 3.58 mm
(3.04–3.65 mm, n = 5). Cephalothorax semicircular, 635 × 824
μm, much wider than succeeding somites. Second through
fourth pedigers measuring 384 × 595, 325 × 552, and 243 ×
479 μm, respectively. Urosome 6-segmented. Fifth pedigerous
somite 203 × 435 μm. Genital somite 231 × 339 μm; genital

apertures positioned dorsolaterally near middle of somite. Four
abdominal somites from anterior to posterior 266 × 367, 268 ×
354, 247 × 232, and 245 × 197 μm, respectively. Anal somite
proximally with 5 rows of minute spinules on both sides of ven-
tral surface (Fig. 4B). Caudal ramus (Fig. 4B) weakly tapering
3.09 times longer than wide (198×64 μm), bearing 7 setae (seta
1 minute); setae 2 and 3 each with row of minute spinules at
base; setae 4 and 5 ornamented with medial row of bristles and
lateral row of spinules; seta 7 about 0.5 times longer than seta
6; seta 5 longest (604 μm), at least twice length of seta 4. 

Rostral area (Fig. 4C) with ventromedial, tear-drop shaped,
sclerotized plate at posterior end. Antennule (Fig. 4D) 7-seg-
mented, with armature formula of 5, 15, 5, 3, 4, 2 + aesthetasc
and 7 + aesthetasc. Antenna (Fig. 4E) composed of coxoba-
sis and 2 endopodal segments; coxobasis with distal seta;
first endopodal segment with stout posterior seta; second en-
dopodal segment bearing 2 unequal pectinate processes, 3
claw-like spines and 4 unequal setae; large pectinate process
with seta and row of spinules; short pectinate process with row
of spinules. Postantennal process (Fig. 4F) elongate, curved
distally.

Labrum (Fig. 4G) with row of large spinules along poste-
rior margin. Mandible (Fig. 4H) armed with 2 apical blades and
bristled accessory seta; both blades spinulate along inner mar-
gin. Paragnath (Fig. 4I), lobe constricted near posterior 2/3 of
its length then widening into acuminate distal portion bearing
small pit. Maxillule (Fig. 5A) lobate, bearing large pinnate-like
seta, anterior knob-like process and 2 long and 2 short naked
setae. Maxilla (Fig. 5B) 2-segmented; proximal segment (syn-
coxa) unarmed; terminal segment (basis) armed with spinulate
terminal process, long spinulate spine and naked seta. Maxil-
liped (Fig. 5C) 3-segmented; proximal segment (syncoxa)
large, bearing naked seta; second segment (basis) with 2 prox-
imal naked setae and 2 corrugated areas; terminal segment (en-
dopod) broad claw bearing 2 setae and large corrugated patch
on convex margin near tip.

Legs 1–4 biramous (Fig. 5D–G) and trimerous, except leg
1 exopod indistinctly segmented. Armature formula of legs 1–
4 as follows (Roman numerals = spines; Arabic numerals = se-
tae, respectively; ss. setiform spine):

Coxa Basis Exopod Endopod
Leg 1 0–1 1–1 I–0; 9 0–1;0–1; 6
Leg 2 0–0 1–0 I–0; I–1; II, I, 5 0–1, 0–2, II, I, 3
Leg 3 0–0 1–0 I–0; I–1; II, I, 5 0–1; 0–2; II, I, 2
Leg 4 0–0 1–0 I–0; I–1; II, I, 5 0–1; 0–1; II, ss.

Leg 1 (Fig. 5D) bearing coxa, basis and rami. Coxa and ba-
sis ornamented with row of minute spinules. Posterior margin
of intercoxal sclerite with fine spinules on anterodistal surface.
Legs 2 to 4 (Fig. 5E-G): intercoxal sclerites of legs 2 to 4 bear-
ing rows of spinules on posterior margin. Coxa of legs 2 to 4
unarmed. Basis of legs 2 to 4 ornamented with dense patches
of minute spinules on posterior surface. Outer margin of sec-
ond and terminal endopodal segments of legs 2 to 4 bearing
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Fig. 4. Cirracanthus inimici (Yamaguti and Yamasu, 1959), female. A. – habitus, dorsal; B. – anal somite and caudal rami, ventral; C. – ros-
tral area, ventral; D. – antennule; E. – antenna; F. – postantennal process; G. – labrum, ventral; H. – mandible; I. – paragnath. Scale bars:
A, 0.5 mm, B, 0.2 mm, C-I, 0.05 mm
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Fig. 5. Cirracanthus inimici (Yamaguti and Yamasu, 1959), female. A. – maxillule; B. – maxilla; C. – maxilliped; D. – leg 1; E. – leg 2; F.
– leg 3, G. – leg 4; H. – leg 5. Scale bars = 0.05 mm
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Fig. 6. Cirracanthus inimici (Yamaguti and Yamasu, 1959), male. A. – habitus, dorsal; B. – anal somite and caudal rami, ventral; C. – max-
illiped; D. – leg 2; E. – leg 3. Scale bars: A, 0.2 mm; B, 0.1 mm; C, 0.02 mm; D, E, 0.05 mm
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Table I. A checklist of parasitic cyclopoids of the families Bomolochidae and Taeniacanthidae (Crustacea: Copepoda) in Korea (after Kim,
2014). Host names follow FishBase (Froese and Pauly 2018)

Species Host

Family Bomolochidae Sumpf, 1871

Genus Bomolochus Nordmann, 1832

Bomolochus bellones Burmeister, 1833 Cololabissaira (Brevoort) 
Strongylura anastomella (Valenciennes)

Bomolochus decapteri Yamaguti, 1936 Ditrema temmincki Bleeker   
(= Ditrema temminckii (Bleeker) 
Pennahia argentata (Houttuyn) 
(= Argyrosomus argentatus (Houttuyn)

Genus Naricolax Ho, Do and Kasahara, 1983

Naricolaxa typicus Ho, Do and Kasahara, 1983 Hexagrammos agrammus (Temminck and Schlegel) 
Lateolabrax japonicus (Cuvier)

Naricolax insolitus Ho, Do and Kasahara, 2003 Pampus argenteus (Euphrasen)

Genus Nothobomolochus Vervoort, 1962

Nothobomolochus lateolabracis (Yamaguti and Yamasu, 1959) Lateolabrax japonicus (Cuvier) 
Sillago sihama (Forsskål)

Nothobomolochus thambus Ho, Do and Kasahara, 1983 Konosirus punctatus (Temminck and Schlegel) 
Odontamblyopus lacepedii (Temminck and Schlegel)

Nothobomolochus triceros (Bassett-Smith, 1898) Pampus argenteus (Euphrasen)

Genus Orbitacolax Shen, 1957

Orbitacolax hapalogenyos (Yamaguti and Yamasu, 1959) Hapalogenys mucronatus (Eydous and Souleyet)
(= Hapalogenys analis Richardson)

Orbitacolax leptoscari (Yamaguti, 1953) Calotomus japonicus (Valenciennes) 
(=Leptoscarus japonicus)

Orbitacolaxp teragogi Kim and Moon, 2013 Pteragogus flagellifer (Valenciennes)

Orbitacolax brevispinus  n. sp. Sphyraena pinguis Günther

Orbitacolax trichiuri Kim and Moon, 2013 Trichiurus lepturus Linnaeus

Orbitacolax unguifer Kim and Moon, 2013 Evynnis japonica Tanaka

Genus Unicolax Cressey and Cressey, 1980

Unicolax ciliatus Cressey and Cressey, 1980 Scomberomorus niphonius (Cuvier and Valenciennes

Unicolax quadrispinulus Lin and Ho, 2006 Sillago sihama (Forsskål)

Family Taeniacanthidae Wilson, 1911

Genus Anchistrotos Brian, 1906

Anchistrotos kojimensis Do and Ho, 1983 Acanthogobius flavimanus (Temminck and Schlegel) 
Synechogobius hasta (Temminck and Schlegel)

Anchistrotos tongyeongensis Moon, Lee and Kim, 2015 Myersina filifer (Valenciennes)

Genus Biacanthus Tang and Izawa, 2005

Biacanthus pleuronichthydis (Yamaguti, 1939) Pleuronichthys cornutus (Temminck and Schlegel)
Genus PseudotaeniacanthusYamaguti and Yamasu, 1959

Pseudotaeniacanthus congeri Yamaguti and Yamasu, 1959 Conger myriaster (Brevoort) 
(=Astroconger myriaster)

Genus Taeniacanthus Sumpf, 1871

Taeniacanthus balistae (Claus, 1864) Aluterus monoceros (Linnaeus)

Taeniacanthus moa (Lewis, 1967) Ostracion immaculatus Temminck and Schlegel

Taeniacanthus neopercis Yamaguti, 1939 Parapercis sexfasciata (Temminck and Schlegel)

Taeniacanthus platycephali (Yamaguti, 1939) Lophiomus setigerus (Vahl)

Taeniacanthus rotundiceps (Shiino, 1957) Beroelegans (Steindachner) 
Pseudoblennius cottoides (Richardson)

Taeniacanthus sebastichthydis Yamaguti, 1939 Sebastes pachycephalus Temminck and Schlegel 
Sebastes inermis Cuvier Sebastes schlegeli Hilgendorf

Taeniacanthus yamagutii (Shiino, 1957) Takifugu poecilonotus (Temminck and Schlegel)
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row of minute spinules. Each spine with terminal segment of
endopod protruding with fringe of minute spinules. 

Leg 5 (Fig. 5H) well developed, 2-segmented. Protopodal
segment armed with 1 dorsolateral pinnate seta. Free exopo-
dal segment ornamented with rows of spinules at base of each
spine and armed with 3 spinulate spines and naked seta. Leg
6 (Fig. 1C) vestigial, represented by 3 naked setae at genital
opening.

Adult male

Body length 1.32mm (1.27–1.37 mm, n = 3) (Fig. 6A). Sec-
ond pediger 288 μm wide; remaining prosomites narrower
than second prosomite. Genital somite length and width al-
most equal (185 × 182 μm). Abdomen composed of 3 free
somites. Caudal ramus (Fig. 6B) longer (104 μm) than wide
(34 μm).

Maxilliped (Fig. 6C) 4-segmented; syncoxa with usual
distal seta; basis well developed, with 2 medial setae, longi-
tudinal patch of squarish denticles posteromedially and longi-
tudinal rows of minute spinules anteromedially; first endopo-
dal segment small, naked and unarmed; second endopodal
segment represented by curved claw, bearing 2 posterior setae,
basal tooth and row of blunt denticles along concave margin.

First and second endopodal segments of legs 2 (Fig. 5D)
and 3 (Fig. 5E) with well-developed apical spine; the third en-
dopodal segment of leg 2 considerably shorter than that of leg
3. Leg 6 (not figured) vestigial, represented by unarmed op-
ercular plate on posteroventral surface of genital somite.

Remarks

The prominent features of C. inimici are the large pinnate-like
seta of the maxillule, the blunt terminal process of the maxil-
liped, the broad corrugated maxilliped claw, and bluntly
rounded-tip of the endopodal spines of legs 2 to 4. All these
features match closely with Japanese specimens which al-
lowed the Korean specimens to be identified as C. inimici.

Cirracanthus inimici was first reported from the Seto In-
land Sea, Japan based on five ovigerous females captured
from the same host I. japonicus (Yamaguti and Yamasu 1959).
After that, 36 females were collected from the same host
caught in Tassha Bay, Sado Island by Dojiri and Ho (1987).
However, the male has never been reported. Hence, the male
is described herein for the first time. The length/ width ratio of
the caudal ramus of the Korean specimens was about 3.1:1, in

contrast to 3.86 times longer than wide in the Japanese females
(Dojiri and Ho 1987). This discrepancy is thought to be due to
intraspecific variability. 

Taeniacanthidae is the third largest family among the fish-
parasite cyclopoids following Chondracanthidae Mine Ed-
wards, 1840 and Ergasilidae Burmeister, 1835 (Ho 2001;
Boxshall and Halsey 2004; Tang 2006). It consists of about 100
species in 21 genera (WoRMS 2018). In Korea, 14 species in
6 genera are so far known (see Table 1). The finding of the
genus Cirracnathus represents the first record in Korean wa-
ters. As an update, in total, there are 11 genera including 28
species of Bomolochidae and Taeniacanthidae families have so
far been recorded in Korea (Table 1). A checklist of these two
families from Korea is provided. 

Funding. This work was supported by a grant from the National In-
stitute of Fisheries Science (R2018023) of Korea.

Conflict of interest. The authors declare that they have no conflict
of interest.

Ethical approval. All applicable institutional, national and interna-
tional guidelines for the care and use of animals were followed. 

References

Boxshall G.A., Halsey S.H. 2004. An Introduction to Copepod Di-
versity. London: The Ray Society, pp. 966

Cressey R.F., Cressey H.B. 1979. The parasitic copepods of Indo-
West Pacific lizardfishes (Synodontidae). Smithsonian Con-
tributions of Zoology, 296, 1–80

Cressey R.F., Cressey H.B. 1989. A new species of Orbitacolax
(Copepoda: Bomolochidae) and redescription of two addi-
tional species. Canadian Journal of Zoology, 67, 2902–2909

Dojiri M., Cressey R.F. 1987. Revision of the Taeniacanthidae (Cope-
poda: Poecilostomatoida) parasitic on fishes and sea urchins.
Smithsonian Contributions to Zoology, 447, 1–250

Dojiri M., Ho J.-s. 1987. Copepods of the Taeniacanthidae (Poe-
cilostomatoida) parasitic on fishes of Japan. Report of the
Sado Marine Biological Station Niigata University, 17, 33–42

Froese R., Pauly D. (Eds.) 2018. FishBase.World Wide Web elec-
tronic publication. Available from http://www.fishbase.org/
(accessed 1 March 2018)

Ho J.-s. 2001. Why do symbiotic copepods matter? Hydrobiologia,
453/454, 1–7

Humes A.G., Gooding R.U. 1964. A method for studying the exter-
nal anatomy of copepods. Crustaceana, 6, 238–240

Huys R., Boxshall G.A. 1991. Copepod evolution. London: The Ray
Society, pp. 468

Kabata Z. 1979. Parasitic Copepoda of British fishes. London: The
Ray Society, pp. 468

Species Host

Taeniacanthus singularis Kim and Moon, 2013 Halieutaea fumosa Alcock

Genus Suncheonacanthus Venmathi Maran, Moon, 
Adday and Tang 2016
Suncheonacanthus luteus (Kim and Moon, 2013) Odontamblyopus lacepedii (Temminck and Schlegel)

Genus Umazuracola Ho, Ohtsuka and Nakadachi, 2006

Umazuracola geminus Kim and Moon, 2013 Stephanolepis cirrhifer (Temminck and Schlegel)



A new species of bomolochid Orbitacolax brevispinus 703

Kim I.H. 2014. Invertebrate Fauna of Korea. Vol. 21, Num. 37,
Arthropoda: Maxillopoda: Copepoda: Cyclopoida, Fish-Par-
asitic Cyclopoid Copepods. Flora and Fauna of Korea, Na-
tional Institute of Biological Resources, Ministry of
Environment, pp. 226

Kim I.H., Moon S.Y. 2013. Ten new species of parasitic cyclopoid
copepods (Crustacea) belonging to the families Bomolochi-
dae, Philichthyidae, and Taeniacanthidae from marine fishes
in Korea. Ocean Science Journal, 48, 361–398.

Moon S.Y., Lee J.-H., Kim D.N. 2015. A new species of Anchistro-
tos Brian, 1906 (Copepoda: Cyclopoida: Taeniacanthidae)
from the filamentous shrimpgoby Myersina filifer (Valenci-
ennes) (Perciformes: Gobiidae) in Korea waters. Systematic
Parasitology, 92, 151–159

Shen C.-J. 1957. Parasitic copepods from fishes of China. Part I. Cy-
clopoida (1). Acta Zoologica Sinica, 9, 297–327

Tang D. 2006. Phylogeny of the copepod family Taeniacanthidae.
Proceedings of the 11th International Congress of 395 Para-
sitology, Glasgow, UK, 6–11 August 2006, Medimond,
Bologna, pp. 621–625

Received: March 1, 2018
Revised: May 1, 2018
Accepted for publication: June 21, 2018

Venmathi Maran B.A., Moon S.Y., Adday T.K., Khamees N.R., My-
oung J.-G. 2014. A new species of parasitic copepod Nothobo-
molochus and redescription of Orbitacolax hapalogenyos
(Yamaguti and Yamasu, 1959) (Cyclopoida: Bomolochidae)
off Iraq. Acta Parasitologica, 59, 139–152

Venmathi Maran B.A., Moon S.Y., Adday T.K., Tang D. 2016. Cepo-
lacanthus kimi, a new genus and species of copepod (Cy-
clopoida: Taeniacanthidae) parasitic on Bandfish Acanthocepola
abbreviata (Valenciennes, 1835) (Actinopterygii: Cepolidae)
caught off the Iraqi coast. Zootaxa, 4174, 249–258

WoRMS Editorial Board. (2018) World Register of Marine Species.
www.marinespecies.org

Yamaguti S. 1953. Parasitic copepods from fishes of Japan. Part 7.
Cyclopoida, III and Caligoida, IV. Publications of Seto Ma-
rine Biological Laboratory, 3, 221–231

Yamaguti S., Yamasu T. 1959. Parasitic copepods from fishes of
Japan with descriptions of 26 new species and remarks on two
known species. Biological Journal of Okayama University, 5,
89–165

View publication statsView publication stats

https://www.researchgate.net/publication/326007077


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ACaslonPro-Bold
    /ACaslonPro-BoldItalic
    /ACaslonPro-Italic
    /ACaslonPro-Regular
    /ACaslonPro-Semibold
    /ACaslonPro-SemiboldItalic
    /AdobeFangsongStd-Regular
    /AdobeHeitiStd-Regular
    /AdobeKaitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobeSongStd-Light
    /AGaramondPro-Bold
    /AGaramondPro-BoldItalic
    /AGaramondPro-Italic
    /AGaramondPro-Regular
    /Aharoni-Bold
    /Andalus
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Aparajita
    /Aparajita-Bold
    /Aparajita-BoldItalic
    /Aparajita-Italic
    /ArabicTypesetting
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /Batang
    /BatangChe
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BirchStd
    /BlackoakStd
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScriptStd
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /Calibri-Light
    /Calibri-LightItalic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /ChaparralPro-Bold
    /ChaparralPro-BoldIt
    /ChaparralPro-Italic
    /ChaparralPro-Regular
    /CharlemagneStd-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlackStd
    /CooperBlackStd-Italic
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /DaunPenh
    /David
    /David-Bold
    /DFKaiShu-SB-Estd-BF
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /DokChampa
    /Dotum
    /DotumChe
    /Dutch801SeBdPL-ItalicA
    /Ebrima
    /Ebrima-Bold
    /EccentricStd
    /EstrangeloEdessa
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EuphemiaCAS
    /FangSong
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FuturaBT-Bold
    /FuturaBT-Medium
    /Gabriola
    /Gautami
    /Gautami-Bold
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GiddyupStd
    /Gisha
    /Gisha-Bold
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /HoboStd
    /Impact
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /IskoolaPota
    /IskoolaPota-Bold
    /JasmineUPC
    /JasmineUPCBold
    /JasmineUPCBoldItalic
    /JasmineUPCItalic
    /KaiTi
    /Kalinga
    /Kalinga-Bold
    /Kartika
    /Kartika-Bold
    /KhmerUI
    /KhmerUI-Bold
    /KodchiangUPC
    /KodchiangUPCBold
    /KodchiangUPCBoldItalic
    /KodchiangUPCItalic
    /Kokila
    /Kokila-Bold
    /Kokila-BoldItalic
    /Kokila-Italic
    /KozGoPro-Bold
    /KozGoPro-ExtraLight
    /KozGoPro-Heavy
    /KozGoPro-Light
    /KozGoPro-Medium
    /KozGoPro-Regular
    /KozMinPro-Bold
    /KozMinPro-ExtraLight
    /KozMinPro-Heavy
    /KozMinPro-Light
    /KozMinPro-Medium
    /KozMinPro-Regular
    /LaoUI
    /LaoUI-Bold
    /Latha
    /Latha-Bold
    /Leelawadee
    /Leelawadee-Bold
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMT-Bold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /LithosPro-Black
    /LithosPro-Regular
    /LucidaConsole
    /LucidaSansUnicode
    /MalgunGothic
    /MalgunGothicBold
    /MalgunGothicRegular
    /Mangal
    /Mangal-Bold
    /Marlett
    /Meiryo
    /Meiryo-Bold
    /Meiryo-BoldItalic
    /Meiryo-Italic
    /MeiryoUI
    /MeiryoUI-Bold
    /MeiryoUI-BoldItalic
    /MeiryoUI-Italic
    /MesquiteStd
    /MicrosoftHimalaya
    /MicrosoftNewTaiLue
    /MicrosoftNewTaiLue-Bold
    /MicrosoftPhagsPa
    /MicrosoftPhagsPa-Bold
    /MicrosoftSansSerif
    /MicrosoftTaiLe
    /MicrosoftTaiLe-Bold
    /MicrosoftUighur
    /Microsoft-Yi-Baiti
    /MinionPro-Bold
    /MinionPro-BoldCn
    /MinionPro-BoldCnIt
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Medium
    /MinionPro-MediumIt
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MongolianBaiti
    /MoolBoran
    /MS-Gothic
    /MS-Mincho
    /MS-PGothic
    /MS-PMincho
    /MS-UIGothic
    /MVBoli
    /MyriadPro-Bold
    /MyriadPro-BoldCond
    /MyriadPro-BoldCondIt
    /MyriadPro-BoldIt
    /MyriadPro-Cond
    /MyriadPro-CondIt
    /MyriadPro-It
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Narkisim
    /NewsGothXCnPL-BoldA
    /NewsGothXCnPL-RomanA
    /NSimSun
    /NuevaStd-BoldCond
    /NuevaStd-BoldCondItalic
    /NuevaStd-Cond
    /NuevaStd-CondItalic
    /Nyala-Regular
    /OCRAbyBT-Regular
    /OCRAStd
    /OCRB10PitchBT-Regular
    /OratorStd
    /OratorStd-Slanted
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /PlantagenetCherokee
    /PoplarStd
    /PrestigeEliteStd-Bd
    /Raavi
    /Rod
    /RosewoodStd-Regular
    /SakkalMajalla
    /SakkalMajallaBold
    /Sansita-Black
    /Sansita-BlackItalic
    /Sansita-Bold
    /Sansita-BoldItalic
    /Sansita-ExtraBold
    /Sansita-ExtraBoldItalic
    /Sansita-Italic
    /Sansita-Regular
    /SegoePrint
    /SegoePrint-Bold
    /SegoeScript
    /SegoeScript-Bold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /SegoeUI-Light
    /SegoeUI-SemiBold
    /SegoeUISymbol
    /ShonarBangla
    /ShonarBangla-Bold
    /Shruti
    /Shruti-Bold
    /SimHei
    /SimplifiedArabic
    /SimplifiedArabic-Bold
    /SimplifiedArabicFixed
    /SimSun
    /StencilStd
    /Swis721BdCnOutEU-Normal
    /Swis721BdCnOutPL-Regular
    /Swis721BdOutEU-Normal
    /Swis721BdOutPL-Regular
    /Swis721BdRndEU-Normal
    /Swis721BdRndPL-Regular
    /Swis721Blk2EU-Normal
    /Swis721BlkCnEU-Italic
    /Swis721BlkCnEU-Normal
    /Swis721BlkCnPL-Italic
    /Swis721BlkCnPL-Regular
    /Swis721BlkEU-Italic
    /Swis721BlkEU-Normal
    /Swis721BlkExEU-Normal
    /Swis721BlkExPL-Regular
    /Swis721BlkOutEU-Normal
    /Swis721BlkOutPL-Regular
    /Swis721BlkPL-Italic
    /Swis721BlkPL-Regular
    /Swis721BlkRndEU-Normal
    /Swis721BlkRndPL-Regular
    /Swis721CnEU-Bold
    /Swis721CnEU-BoldItalic
    /Swis721CnEU-Italic
    /Swis721CnEUNormal
    /Swis721CnEU-Normal
    /Swis721CnPL-Bold
    /Swis721CnPL-BoldItalic
    /Swis721CnPL-Italic
    /Swis721CnPL-Roman
    /Swis721ExEU-Bold
    /Swis721ExEU-Normal
    /Swis721ExPL-Bold
    /Swis721ExPL-Regular
    /Swis721HvEU-Italic
    /Swis721HvEU-Normal
    /Swis721HvPL-Italic
    /Swis721HvPL-Regular
    /Swis721LtCnEU-Italic
    /Swis721LtCnEUNormal
    /Swis721LtCnEU-Normal
    /Swis721LtCnPL-Italic
    /Swis721LtEUNormal
    /Swis721ThEUNormal
    /Swis911UCmPL-RegularA
    /Swis921PL-RegularA
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TektonPro-Bold
    /TektonPro-BoldCond
    /TektonPro-BoldExt
    /TektonPro-BoldObl
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /TraditionalArabic
    /TraditionalArabic-Bold
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga
    /Tunga-Bold
    /Utsaah
    /Utsaah-Bold
    /Utsaah-BoldItalic
    /Utsaah-Italic
    /Vani
    /Vani-Bold
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vijaya
    /Vijaya-Bold
    /Vrinda
    /Vrinda-Bold
    /Webdings
    /Wingdings-Regular
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /POL <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


