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Abstract. The genus Actinocyclus comprises two species, Actinocyclus verrucosus Ehrenberg, 1831, which is wide-
spread through the tropical Indo-Pacific, from the Red Sea to Australia and Hawaii, and Actinocyclus papillatus (Bergh,
1878) known from East Africa, Papua New Guinea, the Philippines, and Japan. These two species are distinguishable
by the external morphology and the arrangement and shape of the reproductive organs. There are no major radular
differences. The genus name Spaherodoris is a junior synonym of Actinocyclus. Other species names described within
these two genera are either junior synonyms of A. verrucosus (Spaherodoris punctata Bergh, 1878, Spaherodoris laevis
Bergh, 1890, Spaherodoris japonica Eliot, 1913), synonyms of A. papillatus (Spaherodoris laevis var. variegata Eliot,
1904), or belong to different genera (Actinocyclus fragilis Ehrenberg, 1831, A. velutinus Ehrenberg, 1831). Aldisa nha-
trangensis Risbec. 1956, is also a junior synonym of Actinocyclus verrucosus.

INTRODUCTION

Gosliner & Johnson (1994) studied the phylogenetic re-
lationships of the genus Hallaxa Eliot, 1909, and hypoth-

esized that Actinocyelus Ehrenberg, 1831, was its sister

taxon. According to these authors. Actinocyclus and Hal-
laxa are the only two members of the family Actinocy-
clidae, which is the sister taxon to the Chromodorididae.
At that point, the anatomy of Actinocyclus was known
only from drawings of the reproductive system of A. ja-
ponicus by Kay & Young (1969) and Gosliner & Johnson
(1994), and drawings of several radular teeth by Kay &
Young (1969).

Up to now, several names have been proposed for spe-
cies of this genus, but no one knows for sure how many
valid species it comprises. Most authors appear to agree
that A. japonicus is the valid name for a widespread Indo-
Pacific species (Kay & Young. 1969: Bertsch & Johnson.
1981; Willan & Coleman, 1984; Wells & Bryce, 1993;
Gosliner & Johnson, 1994), but its relationships with the
type species, A. verrucosus Ehrenberg, 1831, from the
Red Sea. are unknown.

The position of the Actinocyclidae at the base of the
Cryptobranchia makes this group essential for further un-
derstanding of the phylogenetic relationships within this
diverse clade of dorids. Therefore, a more detailed knowl-
edge of the anatomy of this taxon is critical for future
research on the phylogeny of the Cryptobranchia.

In this paper I attempt a comprehensive anatomical
study of the genus Actinocyclus, including features that
might be important for future phylogenetic research, such
as the central nervous system, the digestive system. and
the reproductive system. In addition, a systematic review

of all species described is carried out in light of exami-
nation of specimens collected from several Indo-Pacific
localities, trying to cover the entire geographic range of
Actinocyclus. 1 also attempted to locate in several natural
history museums the type material and other historically
important specimens of all nominal species involved.

The material examined is deposited at the Department
of Invertebrate Zoology and Geology of the California
Academy of Sciences, San Francisco (CASIZ). the Mu-
seum fiir Naturkunde der Humboldt-Universitit zu Berlin
(MHUB). the Zoologisk Museum. Kobenhavns Univer-
sitet, Copenhagen (ZMUC), and the Muséum National
d’Histoire Naturelle, Paris (MNHN).

SYSTEMATIC DESCRIPTIONS
Genus Actinocyclus Ehrenberg, 1831

Actinocyelus Ehrenberg, 1831: [28]. Type species: Actino-
cvelus verrucosus Ehrenberg, 1831, by subsequent des-
ignation of J. E. Gray (1847).

Sphaerodoris Bergh, 1877:66. Type species: Actinocyelus
verrucosus Ehrenberg, 1831, by monotypy.

Remarks: Ehrenberg (1831) introduced the new genus
Actinocyclus based on two briefly described new species:
Actinocyclus verrucosus and A. velutinus. A third species,
Actinocyclus fragilis, was included with a question mark.
Subsequently., J. E. Gray (1847) selected Actinocyclus
verrucosus as the type species of Actinocyclus.

Bergh (1877) introduced the new genus Sphaerodoris
based on Actinocyclus verrucosus Ehrenberg, 1831, in-
cluding two new, not yet described species from the Phil-
ippines, and with a question mark ““Doris incii (Alder)”
[Doris incii J. E. Gray in M. E. Gray, 1850 is probably
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a senior synonym of Halgerda willeyi Eliot, 1903 (S. Fah-
ey. personal communication)]. Bergh (1877: 66-67) com-
mented that Actinocyclus and Sphaerodoris are probably
synonyms, but anatomical studies on Actinocyclus would
be necessary to confirm this point. Since Actinocyclus
was not anatomically studied, Bergh regarded this name
as a synonym of Sphaerodoris. These sorts of decisions,
which clearly violated the law of priority, were often tak-
en by Bergh to suppress poorly described taxa. In any
case, Actinocyclus verrucosus is the only valid nominal
species originally and without doubt included in the ge-
nus Spaherodoris Bergh, 1877, and therefore it is the type
species by monotypy. Thus, Spaherodoris is a junior ob-
jective synonym of Actinocyclus.

Eliot (1913) re-examined the holotype of A. verrucosus
and confirmed that it belonged to the same genus as
Bergh'’s species of Spaherodoris. He also considered that
Actinocyclus should be suppressed because of several
contradictions between the original description and the
actual specimen. On the contrary, O’Donoghue (1929)
recognized that Actinocyclus is a valid genus and thus a
senior synonym of Spaherodoris.. At the same time, he
designated Spaherodoris punctata as the type species of
Spaherodoris, but since this species was not included in
the original description, such a designation is not valid.
Since O’Donoghue’s paper, most authors have accepted
the name Actinocyclus as valid, and it is currently in com-
mon usage (Kay & Young, 1969: Bertsch & Johnson,
1981; Willan & Coleman, 1984; Wells & Bryce, 1993;
Gosliner & Johnson, 1994).

Gosliner & Johnson (1994) reviewed the differences
between Hallaxa and Actinocyclus. In light of phyloge-
netic analysis they concluded that these two genera are
clearly distinguishable by the presence of two apomorph-
ic features in Actinocyclus: “*an elaboration of the anterior
border of the foot and the presence of a secondary am-
pulla next to the hermaphroditic duct,” and one apo-
morphic feature in Hallaxa: ‘“‘presence of an elongate
prostatic portion of the vas deferens.” The present study
confirms the presence of the elaboration of the anterior
border of the foot and an unusual ampulla in Actinocy-
clus. In most groups of dorid nudibranchs the ampulla
appears to be a dilatation of the hermaphroditic duct,
whereas in species of Actinocyclus it is a lateral expan-
sion. Even though the ampulla of Actinocyelus is arranged
differently from that of other dorids, it seems to be a
homologous structure and the term “‘secondary ampulla™
appears not to be appropriate.

Actinocyclus verrucosus Ehrenberg, 1831
(Figures 1A,B, 2-4)
Actinocyclus verrucosus Ehrenberg, 1831:[28-29].
Spaherodoris punctata Bergh, 1877:66 (nomen nudum).

Bergh, 1878:587-590, pl. 65, figs 1-5.
Spaherodoris laevis Bergh, 1890:925-928, pl. 88, figs 3—12.

Figure 1. Living animals. A. Specimen of Actinocyclus verru-
cosus from Madagascar (CASIZ 073553), photo by T. M. Gos-
liner. B. Specimen of A. verrucosus from the Philippines (CASIZ
083843). photo by T. M. Gosliner. C. Specimen of Actinocyclus
papillatus from Papua New Guinea (CASIZ 068651). photo by
T. M. Gosliner.

Spaherodoris japonica Eliot, 1913:23-26.
Aldisa nhatrangensis Risbec, 1956:14-15, pl. 20, fig. 109,
pl. 22, upper right figure.

Type material: Actinocyclus verrucosus Ehrenberg. Ho-
lotype (by monotypy): “Massaua” = Mits’'iwa Island,
Ethiopia, dissected (MHUB 594).

Spaherodoris punciata Bergh. Holotype (by monoty-
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Figure 2. Actinocyclus verrucosus, scanning electron micrographs. A. Dorsal tubercle (CASIZ 099250), scale bar = 600 pm. B. Gill
(CASIZ 086635), scale bar = 1.5 mm. C. Jaw elements (CASIZ 073553), scale bar = 15 pm. Abbreviations: a, anus opening; r, renal

opening.

py): “Lapinig’” probably Lapinin Island, Northwest of
Bohol Island, Philippines, dissected (ZMUC GAS-2118).

Aldisa nhatrangensis Risbec. Holotype (by original
designation): Hon Lon, Nha Trang, Vietnam, dissected
(MNHN).

The type material of Spaherodoris laevis Bergh, and
Spaherodoris japonica Eliot, is probably lost. No speci-
mens are deposited at the Zoologisk Museum,
Kgbenhavns Universitet, Copenhagen (K. Jensen, person-
al communication) or The Natural History Museum, Lon-
don (A. Campbell, personal communication).

Additional material: South of Soanambo Hotel, ile Saint
Marie, Madagascar, 6 April 1990, 1 specimen 18 mm
preserved length, collected by T. M. Gosliner (CASIZ
073553). Devil’s Point, southwest side of Maricaban Is-
land, Batangas, Luzon, Philippines. 19 February 1992, |
specimen 21 mm preserved length. collected by T. M.
Gosliner (CASIZ 083843); 19 February 1992, 1 specimen
39 mm preserved length, collected by T. M. Gosliner
(CASIZ 083793); 17 March 1994, 1 specimen 20 mm
preserved length, 24 m depth, collected by T. M. Gosliner
(CASIZ 096290); 15 April 1996, 2 specimens 21 and 23
mm preserved length, 20 m depth, collected by T. M.
Gosliner (CASIZ 106456). Okinawa, Ryukyu Islands, Ja-

pan, 2 May 1992, | specimen 23 mm long, dissected,
collected by R. Bolland (CASIZ 086635). Tengan Pier,
14 km West of Ikei-shima, Okinawa, Ryukyu Islands, Ja-
pan, 9 April 1994, 1 specimen 35 mm preserved length,
12 m depth, dissected, collected by R. Bolland (CASIZ
099250), 18 October 1994, | specimen 33 mm preserved
length, 12 m depth, collected by R. Bolland (CASIZ
104697). O Ennubuj, Kwajalein Atoll, Marshall Islands,
6 December 1992, 1 specimen 24 mm preserved length,
6 m depth, collected by S. Johnson (CASIZ 116662).
Makua, Oahu Island, Hawaii, 17 April 1985, 1 specimen
12 mm preserved length, 5 m depth, collected by S. John-
son (CASIZ 116894).

Geographic range: This species is known from the Red
Sea (Ehrenberg, 1831), East Africa (Eliot, 1904), Viet-
nam (Risbec, 1956), Japan (Eliot, 1913), the Philippines
(Bergh, 1878), Indonesia (Bergh, 1890), Malaysia (Eliot,
1904), Western Australia (Wells & Bryce. 1993), Queens-
land (Willan & Coleman, 1984), and Hawaii (Kay &
Young. 1969). The present paper reports the first records
from Madagascar and the Marshall Islands.

External morphology: The body is elevated. short, oval,
almost as long as wide (Figures 1A, B). The dorsum is
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covered with several simple conical tubercles scattered
irregularly. Some of them are much larger and have a
depression on the apex (Figure 2A). The central part of
the body is clearly elevated over the mantle margin,
which is relatively narrow. The perfoliate rhinophores are
composed of 20 lamellae in a 33 mm-long specimen
(CASIZ 104697). There are 16 unipinnate branchial
leaves in the 33 mm-long specimen (Figure 2B). In the
living animal they are pointing inward, with the apices
very close to each other.

The background color varies from cream brownish to
dark brown or gray (Figure 1B). Some specimens are al-
most black (Figure 1A). There are paler areas, generally
white or yellowish, irregularly distributed on the dorsum.
The entire dorsum is covered with small, evenly distrib-
uted black spots. The depressions on the tips of the larger
tubercles are dark brown or black. The gill is dark gray
or black, with numerous small white spots, more densely
distributed near the base. The rhinophores are the same
color as the body.

The anterior border of the foot 1s not grooved or
notched, with anteriorly directed foot margins partially
surrounding the mouth area (Figure 3F). There are no oral
tentacles.

Anatomy: The posterior end of the glandular portion of
the oral tube has two strong retractor muscles (Figure 3D)
which attach to the body wall. The oval. muscular buccal
bulb has four additional muscles attached. Two long sal-
ivary glands connect with the buccal bulb at the sides of
the esophageal junction. The buccal bulb is as long as the
glandular portion of the oral tube. The jaws are composed
of numerous undivided rodlets (Figure 2C). The radular
formula is 65 x 15.0.15 in a 35 mm-preserved-length
specimen (CASIZ 099250) and 70 X 21.0.21 in a 18 mm-
preserved-length specimen (CASIZ 073553). Rachidian
teeth are absent. The innermost lateral teeth are broad and
thick (Figures 4A, B). They have a large rounded cusp
and bear six to seven denticles along their inner edge.
The mid-lateral teeth are narrow basally and elongated
(Figure 4C). The outermost teeth are shorter than the mid-
laterals (Figure 4D). The outer laterals bear 13—17 den-
ticles along their inner margin. The esophagus is short
and convoluted and connects with the digestive gland.
The narrow hermaphroditic duct expands into the elon-
gate and convoluted ampulla, which inserts distally at the
junction of the oviduct and the prostate (Figures 3B, C).
The oviduct enters the female gland in the center of the
mass. The prostate is rounded, as long as wide, and gran-
ular. It connects with a long duct that narrows and ex-
pands again into the short ejaculatory portion of the def-
erent duct. The muscular ejaculatory portion opens into
a common atrium with the vagina. The penis is unarmed.
The vagina is very long and undulate. Near its proximal
end it joins the pyriform seminal receptacle, the uterine
duct, and the oval bursa copulatrix. Both the bursa co-

pulatrix and seminal receptacle are stalked. The bursa co-
pulatrix is about twice as large as the seminal receptacle
(Figure 3C).

In the central nervous system (Figure 3E) the cerebral
and pleural ganglia are partially fused and distinct from
the pedal ganglia. There is a separate abdominal ganglion
on the right side of the visceral loop. Paired gastroesoph-
ageal, rhinophoral, and optical ganglia are also present.
The pedal ganglia are clearly separated. The pedal and
parapedal commissures are fused together.

The circulatory system (Figure 3A) consists of a large
heart and a single blood gland situated over the central
nervous system.

Remarks: The original description of Actinocyclus ver-
rucosus is a brief Latin text with no illustrations or ana-
tomical information (Ehrenberg. 1831). The re-examina-
tion of the holotype of this species, collected Mits’iwa
Island. Ethiopia, confirmed that its identity agrees with
the usage of the name Acrinocyclus. The specimen was
dissected by Eliot during the preparation of his 1913 pa-
per, the radula is missing. and the reproductive system is
damaged. Yet, the external morphology is identical to that
of our specimens.

Bergh (1877) introduced for the first time the name
Spaherodoris punctata, but without description, and
therefore it is a nomen nudum. Later, Bergh (1878) de-
scribed this species based on preserved specimens from
the Philippines. It is not possible to confirm their identity
based on the original description of the external mor-
phology: however, re-examination of the type material
confirms that it is conspecific with Actinocyclus verru-
cosus. The 38 mm-long holotype of this species has the
dorsum covered with a few conical tubercles and 21 un-
ipinnate branchial leaves.

Spaherodoris laevis was described by Bergh (1890) on
the basis of a single specimen collected from Ambon.
Indonesia. The preserved animal was described as being
uniformly brown or olive gray with some yellowish areas
on the dorsum. As described, the radula and reproductive
system are identical to those of Actinocyclus verrucosus.
Unfortunately, the holotype of this species in untraceable,
and this synonymy is based on review of the original
description.

Eliot (1913) described the new species Spaherodoris
Jjaponica, from Japan, which, in his opinion, might be
conspecific with A. verrucosus. According to Eliot
(1913). the main difference between S. japonica and other
species of the genus is that both rhinophores open in the
same cavity. However, Eliot recognized that this could be
a teratology. He did not find other differences between
both species that could justify the separation of A. japon-
icus.

Kay & Young (1969) redescribed A. japonicus from
Hawaii, and regarded Aldisa nhatrangensis Risbec. 1956,
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Figure 3. Actinocyclus verrucosus, anatomy of a specimen from Japan (CASIZ 099250). A. General view of the anatomy, scale bar
= | mm. B. Reproductive system, scale bar = 1 mm. C. Detail of several reproductive organs, scale bar = 1 mm. D. Dorsal view of
the buccal bulb, scale bar = | mm. E. Central nervous system, scale bar = 0.5 mm. E Ventral view of the mouth area, scale bar = |
mm. Abbreviations: a, ampulla; ag, abdominal ganglion; bl, blood gland; be, bursa copulatrix; bg, buccal ganglion; ¢, cerebral nerves:
cg, cerebral ganglion: dd, deferent duct; es, esophagus; f, female glands; g, genital nerve; h, digestive gland: ht, heart; i, intestine; m,
retractor muscles; ot, oral tube; p, pedal nerves; pl, pleural nerves; plg. pleural ganglion: pr, prostate; sg, salivary gland: sp, syrinx; rs,
radular sac; sr, seminal receptacle; v, vagina; vl, visceral loop.
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Figure 4. Actinocyclus verrucosus, scanning electron micrographs of the radula. A. Innermost lateral teeth of a specimen from Japan
(CASIZ 099250), scale bar = 30 um. B. Innermost lateral teeth of a specimen from Madagascar (CASIZ 073553), scale bar = 25 pm.
C. Mid-lateral teeth of a specimen from Japan (CASIZ 099250), scale bar = 30 pm. D. Outermost lateral teeth of a specimen from
Japan (CASIZ 099250), scale bar = 30 pm.
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as a synonym. The radula and reproductive system are
identical to those of our specimens.

After the examination of the type material of several
species and additional specimens from Japan, the Phil-
ippines, Hawaii, and Madagascar, it is clear that Actino-
cyclus verrucosus 1s a widespread species in the tropical
Indo-Pacific that exhibits wide variation in color, but also
a great consistency in reproductive and radular features
among different specimens.

There are two other species that were assigned to the
genus Actinocyclus by Ehrenberg (1831), Actinocyclus
fragilis Ehrenberg, 1831, and A. velutinus Ehrenberg,
1831. Both Bergh (1877) and O’Donoghue (1929) re-
garded them as unrecognizable. A re-examination of the
original description of these taxa reveals that they do not
belong to the genus Actinocyclus in the sense of its pre-
sent usage. The dorsum of A. velutinus is covered with
“very densely arranged minute hairs™ (probably cary-
ophyllidia), and A. fragilis is a large, yellowish brown
species with densely arranged marginal dark spots and
numerous dorsal tubercles.

Actinocyclus papillarus (Bergh, 1878)
(Figures 1C, 5.6)

Sphaerodoris papillata Bergh, 1877:66 (nomen nudum).
Bergh, 1878:590-592, pl. 66, figs 6.7.
Sphaerodoris laevis var. variegara Eliot, 1904:403-404.

Type material: Spaherodoris papillata Bergh. Holotype
(by monotypy): Ubay, Northwest of Bohol Island, Phil-
ippines, dissected (ZMUC GAS-2119). The holotype of
Spaherodoris laevis var. variegata is probably lost. It
could not be located in the collections of The Natural
History Museum, London (A. Campbell, personal com-
munication).

Additional material: Barracuda Point. east side of Pig
Island, near Madang, Papua New Guinea, 11 August
1989, 30 m depth, 1 specimen 35 mm preserved length,
collected by M. Ghiselin (CASIZ 068651).

Geographic range: So far this species is known only
from the east coast of Africa (Eliot, 1904), Japan (Hori
& Fukuda, 1996), the Philippines (Bergh, 1878), and Pap-
ua New Guinea (this paper).

External morphology: The body is elevated, short and
oval (Figure 1C). The dorsum is covered with numerous
simple conical to rounded tubercles scattered irregularly.
The tubercles situated on the center of the dorsum and
near the gill opening are larger than the others. The cen-
tral part of the body is clearly elevated over the mantle
margin, which is relatively narrow. The perfoliate rhin-
ophores are composed of 22 lamellae. There are 14 uni-
pinnate branchial leaves in the 35 mm-preserved-length
specimen. In the living animal they are pointing inward,
with the apices very close to each other.

—_—

Figure 5. Actinocyclus papillatus (CASIZ 068651). A. Repro-
ductive system, scale bar = 1 mm. B. Ventral view of the mouth
area, scale bar = 1 mm. Abbreviations: a, ampulla; bc, bursa
copulatrix; dd, deferent duct; f, female glands; pr, prostate; sr,
seminal receptacle; v, vagina.

The background color is reddish cream (Figure 1C).
The entire dorsum is covered with a number of short,
irregular, very densely arranged dark gray lines. Most of
the lines are ramified into irregular branches. There are
also irregular white areas, composed of the aggregation
of numerous opaque white spots. The tubercles are pale
brown or ochre, with the apex darker. A pale brown or
ochre irregular line surrounds the mantle margin. The gill
and rhinophores are pale brown to cream. The branchial
leaves are covered with numerous minute white dots.

The anterior border of the foot is not grooved or
notched, with anteriorly directed foot margins partially
surrounding the mouth area (Figure 5B). There are no
oral tentacles.

Anatomy: The jaws are composed of numerous, long un-
divided rodlets (Figure 6D). The radular formula is 69 x
29.0.29 in the 35 mm-preserved-length specimen (CASIZ
068651). Rachidian teeth are absent. The innermost lat-
eral teeth are broad and elongate (Figure 6A). They have
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Figure 6. Actinocyclus papillatus (CASIZ 068651), scanning electron micrographs. A. Innermost lateral teeth, scale bar = 35 um. B.
Mid-lateral teeth, scale bar = 35 pm. C. Outermost lateral teeth, scale bar = 40 pm. D. Jaw elements, scale bar = 10 pm.

a very short and wide rounded cusp and six to eight elon-
gate denticles along their inner edge. The mid-lateral
teeth have a narrow base and are elongated (Figure 6B).
They are also multidenticulated, with 12—-16 long denti-
cles. The outermost teeth are shorter than the mid-laterals,

but very similar in shape (Figure 6C). The outer laterals
have 12—16 denticles along their inner margin.

The narrow hermaphroditic duct expands into the large
ampulla, which inserts distally at the junction of the ovi-
duct and the prostate (Figure SA). The oviduct enters the
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female gland in the center of the mass. The prostate is
oval, almost as long as wide, and granular. It connects
with a long duct that narrows and expands again into the
short ejaculatory portion of the deferent duct. The mus-
cular ejaculatory portion opens into a common atrium
with the vagina. The penis is unarmed. The vagina is very
long and undulate. Near its proximal end it joins the elon-
gate seminal receptacle, the uterine duct, and the rounded
bursa copulatrix. The bursa copulatrix is stalked.

Remarks: Bergh (1877) first introduced the name Spah-
erodoris papillata, but without a description, and there-
fore it is a nomen nudum as of that paper. Later, Bergh
(1878) described the species based on preserved speci-
mens from the Philippines. Examination of the holotype
revealed that the dorsum of this species is covered with
numerous simple conical to rounded tubercles. The 48
mm-long specimen has 17 unipinnate branchial leaves.
The features of this specimen fit with those of the spec-
imen from Papua New Guinea here examined, and they
are clearly conspecific.

Eliot (1904) described Spaherodoris laevis var. varie-
gata based on a single specimen collected from Mnemba
[sland, Zanzibar, East Africa. The 31 mm-long animal
was collected while laying a light violet-colored egg mass
and had 14 branchial leaves. The color of the living an-
imal was described as dark brown with greenish and
sandy patches. The preserved specimen was mottled
brown of darker and lighter shades and had bands formed
of minute black spots, arranged in an irregular pattern,
particularly near the branchial opening. Eliot (1904) de-
scribed the dorsum of this species as having “‘irregular
excrescences which resemble a marine growth.” The rad-
ula had a formula 70 X 25.0.25. Eliot (1904) compared
this animal to other specimens from Malaysia, ‘“‘appar-
ently referable to S. laevis [= Actinocyclus verrucosus],”
which had the dorsum “‘quite smooth and of an almost
uniform bluish-olive colour.” In the same paper, he also
mentioned another specimen collected from Mombasa,
Kenya, which was different in color, but cannot be iden-
tified with certainty from the short description.

Eliot’s (1904) description of Spaherodoris laevis var.
variegata fits with the characteristics of the holotype of
Spaherodoris papillata as well as with those of the spec-
imen from Papua New Guinea. The brownish external
color with irregular black lines, the number of branchial
leaves, the abundance of large dorsal tubercles, and the
radula formula are very similar.

Actinocyclus papillatus appears to be a different spe-
cies from A. verrucosus. Externally, A. papillatus has
more and larger tubercles than A. verrucosus. Also it has
a number of ramified black lines on the dorsum that are
absent in all specimens examined of A. verrucosus. Two
specimens of A. papillatus (32 and 35 mm preserved
length) have 14 branchial leaves, and one specimen 48
mm preserved length has 17 (Eliot, 1904; present paper),

whereas smaller specimens of A. verrucosus (21 mm pre-
served length) have 16. A 38 mm-preserved-length spec-
imen of A. verrucosus has 21 branchial leaves. Also, the
gill of A. papillarus is pale brown or cream in color,
whereas it is dark gray or black in A. verrucosus. In the
reproductive system, the seminal receptacle of A. papil-
latus is more elongate than that of A. verrucosus. In ad-
dition, the ampulla and the prostate seem to be larger in
A. papillatus. The radula of A. papillatus has more lateral
teeth than that of A. verrucosus, for a specimen smaller
in size. Eliot (1904) found a formula of 70 X 25.0.25 for
a 31 mm-preserved-length specimen, the formula of the
35 mm-preserved-length specimen from Papua New
Guinea is 69 X 29.0.29, whereas it is 65 X 15.0.151in a
35 mm-preserved-length specimen of A. verrucosus. No
variation has been found in the reproductive system of
the three specimens of A. verrucosius examined.

Baba (1949) redescribed A. laevis var. variegatus from
Japan and regarded it as different from A. japonicus. The
external morphology of the single specimen was un-
known. He found differences in the radular morphology
and jaws. According to Baba, the inner radular teeth of
A. laevis var. variegatus are longer and thinner than those
of A. japonicus. Also, the jaw elements of A. laevis var.
variegatus are simple, whereas those of A. japonicus may
be simple or bifid. I have found a similar variation within
a single specimen of A. verrucosus. The younger teeth
normally look like those described by Baba (1949) for A.
laevis var. variegatus, whereas the teeth from the middle
of the radula are broader with longer denticles. However,
the radular formula of Baba’s specimen is 80 X 25—
28.1.0.1.25-28 (for a 30 mm-preserved-length specimen).
which is certainly very similar to formulae of our material
of A. papillatus. Tt is very likely that his material actually
belongs to A. papillarus. Baba (1949) also described sev-
eral specimens of A. japonicus, which have a grayish
brown dorsum, boldly variegated with black-brown, and
all the dorsal tubercles tipped with black-brown. This de-
scription and the radular formula 120 X 30.1.0.1.30 fit
with the characteristics of A. papillatus, and should prob-
ably be assigned to this species.

Hori & Fukuda (1996) described several specimens
from Japan, under the name A. japonicus, that fit with the
external morphology and anatomy of A. papillatus. The
specimens have a pale background color with a number
of dark, irregular, and ramified lines covering the entire
dorsum, the gill is light brown or cream, and the radular
formula is 80 x 22-30.0.22-30 for a 47 mm-preserved-
length specimen.
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