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Abstract

A new species of Tortanus (Copepoda: Calanoida) collected from Kuchinoerabu Island, Kyushu,
Japan, by SCUBA diving is described. This species belongs to the subgenus Afortus Sewell,
1932 which was revised by BOWMAN (1971). The diagnosis of the subgenus emended by Bow-
MAN (1971) should be further revised with the finding of the present new species: the female
of Atortus have 2- or 3-segmented urosome. The mouthparts examination and the gut contents
analysis of this new species revealed that the species was carnivorous feeding mainly on Oithona
copepodids.

The genus Tortanus inhabits the coastal waters (BOWMAN 1971) and most species of this
genus occur in tropical regions (KIM 1985). In the neighbouring seas of Japan, Korea and
China, 13 species of Tortanus have so far been recorded (Table 1). We found a new species
of Tortanus at a shallow station of Kuchinoerabu Island, Kyushu, Japan, by SCUBA diving.
The new species apparently belongs to the subgenus Atortus established by SEWELL (1932)
and revised by BOWMAN (1971). However, the definition of Atortus by BOWMAN (1971) does
not coincide partly with the new species and needs to be emended.

The family Tortanidae is thought to be a typical carnivorous calanoid (ANRAKU & OMORI
1963, ITOH 1970, AMBLER & FROST 1974). We examined the mouthpart structures and the
gut contents of both sexes of the present new species, and report here its possible feeding

mechanisms and in-situ feeding ecology.

. Materials and Methods
The sampling station (30°27’N, 130°10’E) is located in Honmura Bay, a shallow small bay of
Kuchinoerabu Island, Kyushu, Japan. Specimens were collected by SCUBA diving at a depth
of less than 6 m just above the flat sandy bottom on 12 September, 1986. The original pur-
pose was to collect near-bottom calanoid copepods (OHTSUKA 1984, 1985), but none of them
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TABLE 1. Tortanus OCCURRING IN THE NEIGHBOURING SEAS OF JAPAN, KOREA AND CHINA.

Species Locality Source
Tortanus denticulatus Shen & mouth of Chiekong River SHEN & LEE (1963)
Lee
T. derjugini Smirnov Ariake Sea, East China Sea, TANAKA (1965), CHEN (1983),
Taiwan Strait, South China CHEN & ZHANG (1965)
Sea, Sea of Japan, Sea of
Okhotsk

T. dextrilobatus Chen & Zhang South China Sea, Taiwan Strait CHEN (1983),
CHEN & ZHANG (1965)

T. discaudatus (Thompson & Sea of Japan, North Pacific, MOoRI (1937), SaTo (1913),
Scott) Yellow Sea KM (1985)
T. forcipatus (Giesbrecht) Inland Sea of Japan, Ariake HirOTA (1968a,b), MORI (1937),
Sea, Sagami Bay, Sea of Japan, SATO (1913), TANAKA (1965),
Yellow Sea, East China Sea, KiMm (1985), CHEN (1983)
South China Sea
T. gracilis (Brady) South China Sea CHEN (1983)
T. longipes Brodsky Sea of Japan, Sagami Bay, KiMOTO (unpubl.),
Tanabe Bay, Shijiki Bay, TANAKA (1965), OHTSUKA (1985)
Sea of Okhotsk
T. murray: Scott South China Sea CHEN (1983)
T. rubidus Tanaka Sagami Bay, Shijiki Bay KiMOTO (unpubl.),
TANAKA (1965)
T. scaphus Bowman South China Sea BowMAN (1971), CHEN (1983)
T. sinicus Chen South China Sea CHEN (1983)
T. spinicaudatus Shen & Bai Yellow Sea, Pohai, East KiM (1985), CHEN (1983),
China Sea, South China Sea CHEN & ZHANG (1965)
T. vermiculus Shen East China Sea, South China Sea  CHEN (1983), SHEN (1955),

CHEN & ZHANG (1965)

had been collected and, instead, 14 females and 21 males of a new species of Tortanus and
numerous Oithona oculata were collected. A hand-net with a diameter of 30cm and mesh
size of 0.1mm was pushed forwards along the bottom. At the same station a night surface
towing was also carried out, but no specimens of this new species were collected. Samples
were fixed immediately after collection with 109 neutralized formalin/seawater.

For the examination of the food in the guts, 10 intact specimens of each sex were dissected,
and the frequency of occurrence of each food item was recorded. The detailed procedure for

making preparations for gut content examination was described in OHTSUKA et al (in press).

Description
Tortanus (Atortus) erabuensis n. sp.
Materials examined. An adult female dissected was designated as the holotype and a dissected
adult male as the allotype. Two dissected and an intact individuals of each sex were designated
as paratypes. The type specimens of this new species are deposited in the National Science
Museum, Tokyo, Japan (holotype: NSMT-Cr 9358; allotype: NSMT-Cr 9359; paratypes:
NSMT-Cr 9360).
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Female (holotype). Body (Fig. 1A) robust, 2.44mm in length; cephalosome separated from
1st metasomal segment with a transverse groove dorsally, produced anteriorly into rounded eye

protuberance; 4th and 5th metasomal segments fused, the end of prosome asymmetrical,

Fig. 1. Tortanus erabuensis n. sp. Female (holotype).
A. Habitus, dorsal view; B. Urosome, ventral view; C. Antennule;
D. Antenna; E. Mandible.
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produced backwards, reaching more than half the genital segment. Urosome (Fig. 1B) 3-
segmented; genital operculum semi-circular; 2nd urosomal segment symmetrical, suture between
genital and 2nd segments being very weak; caudal rami asymmetrical, the right ramus larger
than the left, terminal part expanded and inner dorsal side produced, the left ramus with knob-
like process near the end of the ventral surface. Antennule (Fig. 1C) symmetrical, reaching
near the end of caudal ramus; the segmentation and armature are the same as those of T.
scaphus: segments 1-7, 9-12 and 24-25 fused. Antenna (Fig. 1D): basipod 1 bearing very minute
spinules on the base; basipod 2 imperfectly fused with the proximal segment of endopod; endopod
consisting of 2 segments, proximal segment bearing a subterminal setule and numerous spinules
along the distal half of the posterior margin, distal segment bearing 6 distal setae and a patch
of short thick spinules at a point about two-thirds of the segment; exopod composed of 3 seg-
ments, proximal segment with no setule, middle segment with 2 setae and 1 setule, and distal
segment with 2 setae. Mandible (Fig. 1E): cutting edge bearing 5 cuspidate teeth and 4 rows
of spinules; mandibular palp with elongate basipod 2 whose inner margin bears small spinules;
endopod composed of 2 segments, proximal segment with no seta and distal one with 6 setae;
exopod with 5 setae and 3 rows of minute spinules. Maxillule (Fig. 2A): gnathobase (st inner
lobe) with 13 stout setae, bearing 5 short thick spines and a patch of spinules basally; 2nd inner
lobe elongated, furnished with 7 short thick setae and three spinulose setae, tips of which are

serrated. Maxilla (Fig. 2B) stout, with 5 basipodal lobes along the anterior margin, and 3-

Fig. 2. Tortanus erabuensis n. sp. Female (holotype).
A. Maxillule; B. Maxilla.
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segmented endopod; lst basipodal lobe with 1 seta and aesthetasc-like setae; 2nd and 3rd lobes
each with a spinulose seta; 4th lobe produced anteriorly and bearing 2 large serrate setae and
a spinulose seta; 5th lobe with a strong serrate seta and a minute setule. Maxilliped (Fig. 3A)
reduced; basipod 1 produced anteriorly into 2 lobes each bearing a long spinulose seta; basipod

2 with a few spinules subterminally; endopod with 3 thick plumose setae and a small naked

Fig. 3. Tortanus erabuensis n. sp. Female (holotype).
A. Maxilliped; B. Leg 1; C. Leg 2; D. Leg 3; E. Leg 4; F. Leg 5.
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seta. Legs 1-4 each with 2-segmented endopod and 3-segmented exopod; leg 1 (Fig. 3B)
different from following legs in setation and spinulation, lst and 2nd exopod segments each
without outer terminal spine, and 3rd exopod segment bearing 4 inner setae, 1 terminal seta
and 1 outer spine; legs 2 and 3 (Fig. 3C, D) very similar to each other; leg 4 (Fig. 3E) with
basipod 2 bearing 1 seta near the base of exopod on the posterior surface. Leg 5 (Fig. 3F)
slightly asymmetrical, right leg longer than the left; both legs 3-segmented including a common
basipod 1; 2nd segment elongated, bearing a plumose seta at a point five-sevenths of the outer
margin; terminal segment curved inwards, produced into a process with blunt tip, near the
base of which 1 minute low process and bifurcated process present.
Male (allotype). Body (Fig. 4A) 2.04mm in length; cephalosome separated from Ilst meta-
somal segment with a transverse groove dorsally; suture between 4th and 5th metasome seg-
ments visible from lateral view; 5th metasome segment symmetrical, produced into rounded
tips on both sides; urosome 5-segmented; genital segment slightly asymmetrical, produced
postero-laterally on the left side; caudal rami slightly asymmetrical, the right ramus larger
than the left. Antennule: right antennule (Fig. 4B) with geniculation between 18th and 19th
segments. Mouthparts and legs 1-4 similar to those of the female. Leg 5: right leg (Fig. 4C)
with short swollen basipod 2 and 2-segmented exopod; lst segment of exopod expanded, its
inner margin produced medially into a rounded process bearing a stout short setule at the tip,
and the posterior surface of the segment with 2 short setules of unequal lengths; inner margin
of 2nd exopod segment lamellar and bearing 2 stout short setules and a small leaf-like setule;
left leg (Fig. 4D) with elongated basipod 2 and 2-segmented exopod, curved smoothly inwards;
1st exopod segment with papilla located at a point about one-seventh of its inner margin; 2nd
exopod segment with 2 serrated setae at the tip and 2 hairy rows on the anterior surface.
Remarks. T. erabuensis is closely similar to 7. lophus, T. murrayi and T. sinicus, but differs
from these three species in the shape of the posterior margin of female prosome, the segment
number of the female urosome, the shape of the grasping organ of the male right antennule,
and the shape of the legs 5 of both sexes. Except for the number of the female urosome
segments, the diagnosis of the subgenus Atortus (SEWELL 1932, BOWMAN 1971) is applicable
to the present new species. The female of this new species has 3-segmented urosome, while
those of other members within the subgenus have 2-segmented ones and their anal segments
often fuse with the caudal rami. Because the suture between the genital and 2nd segments
is very weak, we conclude to assign the present new species to Atortus. In T. sinicus which
apparently belongs to the subgenus, the situation is similar; although CHEN (1983) has not
pointed in the description, a suture between the genital and 2nd segments is present viewed
from the right lateral side (see CHEN 1983, p. 134, fig. 1C). So a part of the description in
BOWMAN’s (1971) diagnosis should be revised as follows: female urosome 2 or 3-merous.
BOowMAN (1971) subdivided the members of Atortus into two groups by the morphological
differences of the male antennule, the lateral process of the male 2nd urosome segment and the
female leg 5. The present new species belongs to the 2nd group defined by BOwWMAN (1971),

which is characterized by the male 2nd urosome segment without the lateral process, 18th



OHTSUKA et al.: A New Species of Tortanus 59

Fig. 4. Tortanus erabuensis n. sp. Male (allotype).
A. Habitus, dorsal view; B. Right antennule; C. Right leg 5: D. Left leg 5.

segment of the male right antennule not produced, and the female leg 5 ending in three prongs.
The 2nd group has originally consisted of T. recticauda from the Red Sea, and 7. lophus,
T. murrayi and T. scaphus from the western Pacific (GIESBRECHT 1892, BOWMAN 1971).
Considering the morphological and zoogeographical differences of T. recticauda from other
members, as BOWMAN (1971) has already suggested, it might be removed from the 2nd group
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and form another group with 7. capensis Grindley from South Africa which is most similar
to T. recticauda in legs 5 of both sexes. T. simicus from the South China Sea should also
be placed in the 2nd group, although the female leg 5 does not end in three but two prongs.
The members of the 2nd group including the present new species and 7. sinicus inhabit sub-
tropical or tropical waters in the western Pacific and seem to prefer off-shore waters around
the coral reefs to estuarine and coastal waters as suggested for 7. murrayi, T. sinicus and
T. scaphus in the South China Sea by CHEN (1983).

Notes on the Possible Feeding Mechanisms and the In-situ
Feeding Habits of 7. erabuensis

Tortanus appears to employ two feeding methods for capturing preys varying in size: maxil-
lary fling for smaller preys and direct grasp with the tips of the maxillary setae for larger
preys (cf. AMBLER & FROST 1974, BOXSHALL 1985). According to AMBLER & FROST (1974)
Tortanus uses its maxillae as a scoop net to capture nauplii of Calanus by the former method,
and grasps the copepodids and small adult copepods with maxillae and holds them by the
maxillae and maxillipeds by the latter method. However, the role of the maxillules seems to
be overlooked, because the three setae on the 2nd maxillular inner lobes are stout and serrated
as the stout setae on the maxillary endopods, reaching as far as the tips of the maxillae (see
Fig. 2A, B, Pl. I, A). Such morphological characteristics of the setae on the 2nd maxillar
inner lobes suggest that they might function as the supplement of the maxillae for capturing,
handling and holding the prey. The maxillae of the present new species are stout in structure,
whose serrated setae on the 4th and 5th inner lobes and endopods (see Pl. I, B, C) seem to
be well adapted to clasp the prey zooplankter. Especially the tips of these setae (Pl. I, C) are
modified into claws to be suited for clasping the prey. The gut contents of both sexes of T.
erabuensis are shown in Table 2. 7. erabuensis fed mainly on Oithona copepodids. Copepodids
other than Oithona were rarely found. It is obscure whether the unidentified remains and
diatom fragments in the guts were derived from the gut contents of the preys or directly fed.

In a sample, Oithona oculata was dominant, but 7. erabuensis was few. Other copepod
species were collected only in small numbers. O. oculata is known to form a continuous flat

swarm over flat sandy bottom at a depth of 6 to 1l4m (UEDA et al. 1983). Although we

TABLE 2. THE FREQUENCY OF OCCURRENCE OF FOODS IN THE GUTS
OF BOTH SEXES OF 7. erabuensis.

Foods Female (%) Male (%)
Oithona copepodids 80 20
Other copepodids 0 20
Crustacean {ragments 10 0
Diatom fragments 10 10
Unidentified remains 80 50

Empty guts 10 50
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could not observe swarming of Oithona due to turbid water, the possibility that O. oculata
formed a swarm just above the bottom at the station is very high. UEDA et al. (1983) sug-
gested that the copepod swarms are important as foods for fishes, in particular, for juvenile
fishes. Similarly, copepod swarms may also be very convenient food sources for invertebrate

predators such as Tortanus.

Acknowledgements
We would like to express our sincere thanks fo Dr. T. E. BOWMAN of Smithsonian Institu-
tion for his information on the taxonomic problems, and Prof. T. ONBE of Hiroshima Uni-
versity for his encouragements and reading the manuscript. = We are also grateful to Dr. K.
GUSHIMA of Hiroshima University for his permission for our participation with his research
voyage by T/RV Toyoshio-Maru. Thanks are due to the crew of T/RV Toyoshio-Maru for
the cooperation at sea.

Literature Cited

AMBLER, J.W. & W. FROsT, 1974. The feeding behavior of a predatory planktonic copepod
Tortanus discaudatus. Limnol. Oceanogr., 19: 446-451.

ANRAKU, M. & M. OMORI, 1963. Preliminary survey of the relationship between the feeding
habit and the structure of the mouthparts of marine copepods. Limnol. Oceanogr., 8: 116-
126.

BowMAN, T.E., 1971. Tortanus scaphus and Tortanus lophus, new Pacific planktonic copepods,
with notes on Tortanus murrayi (Calanoida, Tortanidae). Pac. Sci., 25: 521-528,

BOXSHALL, G.A., 1985. The comparative anatomy of two copepods, a predatory calanoid and
a particle-feeding mormonilloid. PhAil. Trans. roy. Soc. London, B311: 303-377.

CHEN, Q.-C., 1983. The pelagic copepods of the South China Sea III. Contr. mar. biol. Res.
S. China Sea, 1: 133-138. (In Chinese with English abstract)

CHEN, Q.-C., & S.-Z. ZHANG, 1965. The planktonic copepods of the East China Sea I. Cala-
noida. Stud. mar. sin., T: 20-131, 53 pls. (In Chinese with English abstract)

GIESBRECHT, W., 1892. Systematik und Faunistik der pelagischen Copepoden des Golfes von
Neapel. Fauna Flora Golf. Neapel, 9: 1-831, 54 pls.

GRINDLEY, J.R. 1978. A new species of Tortanus (Crustacea, Copepoda) from South Africa.
Ann. S. Afr. Mus., 74: 219-228.

HIROTA, R., 1968a. Zooplankton investigations in the Setonaikai (Inland Sea of Japan), I.
Occurrence of zooplankton in the western half of the Setonaikai in June, 1963. J. oceanogr.
Soc. Japan, 24: 203-211.

HIROTA, R., 1968b. Zooplankton investigations in the Setonaikai (Inland Sea of Japan), II.
Occurrence of zooplankton in the eastern half of the Setonaikai in September, 1963. J.
oceanogr. Soc. Japan, 24: 212-219.

ITOH, K. 1970. A consideration on feeding habits of planktonic copepods in relation to the
structure of their oral parts. Bull. Plankton Soc. Japan, 17: 1-10. (In Japanese with
English abstract)

KiM, D.-Y., 1985. Tazonomical Study on Calanoid Copepod (Crustacea: Copepoda) in Korean
Waters. D. Sc. thesis, Hanyang University, Seoul, 187 pp., 50 pls.

Mor1, T., 1937. Pelagic Copepoda from the Neighbouring Waters of Japan. Tokyo, 150 pp.,
80 pls.

OHTSUKA, S., 1984. Calanoid copepods collected from the near-bottom in Tanabe Bay on the
Pacific coast of the middle Honshu, Japan. I. Arietellidae. Publ. Seto mar. biol. Lab.,
29: 359-365.



62

HAZZ v} v3al #H3% H15 (1987)

" OHTSUKA, S., 1985a. Tanabewan ni okeru kinteisou purankuton ni tuite (On the near-bottom

plankton in Tanabe Bay). Nanki Seibutu, 27: 63. (In Japanese)

OHTSUKA, S., 1985b. Calanoid copepods collected from the near-bottom in Tanabe Bay on the
Pacific coast of the middle Honshu, Japan. II., Arietellidae (cont.). Publ. Seto mar. biol.
Lab., 30: 287-306.

OHTSUKA, S., A. FLEMINGER & T. ONBE, in press, A new species of Pontella (Copepoda:
Calanoida) from the Inland Sea of Japan with notes on its feeding habits and related species.
J. crust. Biol., T.

SATO, T., 1913. Fuyusei Tokyakurui (Pelagic copepods). Rep. Fish. Res., Hokkaido Fish. Exp.
St., 1: 1-79, 8pls. (In Japanese)

SHEN, C.-J., 1955. On some marine crustaceans from the coastal water of Fenghsien, Kiangsu
Province. Acta zool. sin., 8: 75-100, 7 pls. (In Chinese with English abstract)

SHEN, C.-J. & S.-O. BAI, 1956. The marine Copepoda from the spawning ground of Preumato-
phorus japonicus (Houttuyn) off Chefoo, China. Acta zool. sin., 8: 177-234, 13 pls. (In Chi-
nese with English abstract)

SHEN, C.-J. & F.-S. LEE, 1963. The estuarine Copepoda of Chiekong and Zaikong Rivers,
Kwangtung Province, China. Acta zool sin., 15: 571-596. (In Chinese with English abstract)

SEWELL, R.B.S., 1932. The Copepoda of Indian Seas. Calanoida. Mem. Indian Mus., 10:
223-407, 6 pls.

TANAKA, O., 1965. The pelagic copepods of the Izu region, middle Japan. Systematic account
XIII. Parapontellidae, Acartiidae and Tortanidae. Publ. Seto mar. biol. Lab., 12: 379-408.

UEeDA, H., A. KUWAHARA, M. TANAKA & M. AZETA, 1983. Underwater observations on
copepod swarms in temperate and subtropical waters. Mar. Ecol. Prog. Ser., 11: 165-171.

Explanation of Plate L.

SEM photomicrographs of the mouthparts of a female Tortanus erabuensis n. sp. A. Mouth-
parts, ventral view (mxu: maxillule; mxa: maxilla; mxp: maxilliped); B. Maxilla; C. Tips of
the setae of maxillary 5th inner lobe and endopod, same maxilla (B), magnified. Scale bars:
A & B=100 gm, C=50 gm,
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