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The large tropical polyclad genus Pseudoceros Lang, 1884 is reviewed and of the over 150
species recognised by Faubel (1984) and Prudhoe (1985, 1989) only 26 are considered
members of Pseudoceros sensu stricto. Pseudobiceros Faubel, 1984 is upheld and 14 species
are recognised. For the Great Barrier Reef and eastern Papua New Guinea, 23 Pseudoceros
(17 new species) and 11 Pseudobiceros (8 new species) have been found. Collectively these
polyclads are not uncommon on coral reefs and feed mainly on colonial ascidians. Observa-
tions on feeding and copulatory behaviour, and larval development are given.The simple
hypodermic insemination observed in these animals supports anatomical analyses that clearly
demonstrates intraspecific homogeneity of the reproductive structures within species of a
genus. Genera may be determined on gross morphology of the pseudotentacles, eyes,
pharynx and number of male pores. Specific determinations rely primarily on colour pattern,
as suggested by Hyman (1954, 1959a) and Prudhoc (1985). [] Polyciadida, Cotylea,
Pseudocerotidae, Pseudoceros, Pseudobiceros, flatworm, taxonomy.
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Large, flamboyantly coloured flatworms have
been known from tropical seas, and especially
from coral reefs for nearly 150 years (Prudhoe,
1985); most have been assigned to Pseudoceros
Lang, 1884 (Polycladida). These species have
been recorded from few specimens, often only a
single one, and sometimes only from coloured
paintings (Schmarda, 1859; Lang, 1884; von
Graff, 1893; Stummer-Traunfels, 1933). More
often than not, type specimens have not been
designated and specimens have rarely been
deposited in museums. A serious contributing
factor to their poor representation in collections
is the ability of these worms to self-destruct under
stress. Before fixation is complete, worms often
autolyse, breaking into mucous fragments, or
contract and contort making examination impos-
sible; and most invariably have lost their colour
and pattern.

Despite this, Marcus (1950) and Hyman (1954,
1959a) listed over 100 species of Pseudoceros
distinguished primanly on colour and pattern.
Although details of the reproductive anatomy are
the most widely used characters for classifying
turbellarian flatworms (Cannon, 1986) only
about 25 worms assigned to Pseudoceros have
been investigated in this way. Both Hyman
(1954, 1959A) and Prudhoe (1985, 1989) main-
tained that within Pseudoceros only colour pat-
tern is required to distinguish species, so lack of

reproductive details has not been considered an
impediment to the erection of new species.

A contrary view was proposed by Faubel
(1984) who bascd his classification of the
polyclads largely on anatomical characters,
mainly of the male reproductive system. Faubel
erected several ncw genera to accommodate
Pseudoceros sensu lato and these are distin-
guished on details of the male reproductive sys-
tem. Prudhoe (1985, 1989) disagreed believing,
for example, that the number of male complexes
(one or two) could vary within species. He was
influenced largely by the view of Lang (1884)
that P. maximus was found in the Bay of Naples
with three variations: either one or two separate
male complexes or two male complexes opening
into one antrum,

No comprehensive taxonomic account of free-
living marine flatworms from Australian waters
exists. Polyclads have not received attention al-
though they are conspicuous reef inhabitants
(Hyman, 1954; 1959a; Prudhoe, 1985; 1989;
Newman & Cannon, 1994); are symbionts and
pests of a variety of reef invertebrates (Prudhoe,
1985), including giant clams (Newman et al.,
1993) and soft corals (Cannon, 1990); and are
mimics of toxic nudibranchs (Newman et al.,
1994). Less than 20 studies have considered
Australian polyclads, several are popular or deal
with them as pests (Stead, 1907) or potential
parasite vectors (Anderson et al., 1993) and only
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seven taxonomic papers have been published
since 1898 (Woodworth, 1898; Haswell, 1907,
Hyman, 1959b; Prudhoe, 1977; 1982; Cannon,
1990; Newman et al., 1994). Of the 16 nominal
species recorded from the GBR only three have
been described as new in that time (Cannon &
Newman, 1993).

This study set out to examine the tropical
‘Pseudoceros’ fauna from the Great Barrier Reef
(GBR) and eastern Papua New Guinea (PNG).
We wanted to ascertain the relative merits of the
proposals of Faubel (1984) and Prudhoe (1985)
for the determination of genera and species
within Pseudoceros sensu lato by making use of
observations of live animals, in situ photography
and examination of new taxonomic characters.
We were significantly assisted by the develop-
ment of a new fixative regime (Newman & Can-
non, in press) which produces consistently well
fixed, flat spccimens with minium loss of colour
pattern.

METHODS

Animals were either hand collected from under
coral boulders at the reef crest or under ledges on
the reef slope by SCUBA from Heron Island (23°
27 S, 151°55° E) and One Tree Island (23°30° S,
152°05’ E) southern GBR and Madang (5°14° S,
145°45’ E) and Laing Island (4°16’ S, 144°56’
E), eastern Papua New Guinea. Unless otherwise
stated all animals were collected during the day
and photographed by L.J. Newman and A.E.
Flowers. Flatworms were kept in separate con-
tainers and brought back to the laboratory live,
and retained in 1 litre plastic ice cream containers
(non-aerated to avoid physical damaged to these
delicate worms from the bubbles). Photographs
were taken either in situ using Nikonos III & V
cameras, extension tubes and underwater strobes,
or in the laboratory using Nikon F4 and Canon
T70 & T90 with 50 & 105mm macro lenses,
extension tubes and TTL flashes.

Full details of specimcn fixation and prepara-
tion are given by Newman & Cannon (in press).
In brief, polyclads were fixed by coaxing them
onto filter paper which was then transferred to
frozen fixative (formaldehyde, calcium acetate -
propylene glycol, propylene phenoxytol). After
fixation for 12 to 24 hours, specimens were
preserved in 70% ethanol for histological
preparation. Whole mounts were prepared by first
staining with Mayer’s Haemalum, then dehydrat-
ing in gradcd alcohols and mounting in canada
balsam. Longitudinal serial sections of the
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reproductive region were prepared by embedding
excised tissue in Paraplast (56°C), sectioning at 5
- 7um, and staining with haematoxylin and eosin.
Only mature animals were prepared for serial
sections and wholemounts, when possible.

Drawings and measurements were made with
the aid of a camera lucida by L.J. Newman.
Measurements given in descriptions are from
type specimens. These provide a guide to relative
size of animals but because of the plasticity of
form, differences in specimen size cannot be con-
sidered absolute. Body measurements are ex-
pressed in mm (length x width) and were taken
from live animals in a relaxed state. Abundance
data are expressed as the number of animals
collected: R =rare, | - 5 animals; C = common,
6 - 20 animals; A = abundant, > 21 animals.
Presentations of the reproductive anatomy
derived from sections are given with minimal
interpretation and, as far as practical, are taken
dircctly from single sections. Only one side of the
reproductive apparatus was drawn for Pseudo-
biceros.

Descriptions of colour patterns are based on
living animals. Colours and colour number in
parenthesis refer to Pantone Colors by Letraset
1989 Series U. Unless otherwise stated all
material and colour transparencies are lodged at
the Queensland Museum (QM): wetspecimens in
70% ethanol are designated (S), wholemounts
(WM), senial scetions (LS ) and colour transparen-
cies (CT). Material examined from other institu-
tions includes that from the British Museum
(BMNH), United States National Museum
(USNM) and the Australian Museum (AM).

Legends for all figures are as follows: a,
auricular groove; ¢, cement glands; ce, cerebral
eyespot; cp, cement pouch; ¢, ejaculatory duct; f,
femalc pore; i, intestine; m, marginal ruffling;
ma, male pore; mo, mouth; o, oviducts; p,
pharynx; pe, pseudotentacular eyes; pr, prostate;
ps, pseudotentacles; s, sucker; sc, scattered
ovaries & testes; se, seminal vesicle; st, stylet; v,
vas deferens; va, vagina.

TAXONOMY
THE PROBLEM WITH PSEUDOCEROS

Pseudoceros is the dominant genus within the
family Pseudocerotidae which contains about
200 species in seven genera. Pseudocerotids are
characterised and distinguished by a ruffled
pharynx from the next most speciose family of
tropical polyclads, the Euryleptidae, which have
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FIG. 1. Dorsal surface colour patterns found in Pseudoceros and Pseudobiceros.

a tubular pharynx (this latter family has about 130
species in 12 genera; Prudhoe, 1985). The other
genera of pscudocerotids are less speciose (most
are monospecific) and poorly known (Cannon,

1986).

Genera within the Pseudocerotidae arc distin-
guished by characteristics of the male reproduc-
tive system (presence or absence of prostate and
seminal vesicle), the female system (number of
complexes), the alimentary system (presence or
absence of anal pores) and external characters
(presence or absence of dorsal papillae and ten-
tacular eyes).

According to Prudhoe (1985, 1989) Pseudo-
ceros is by far the biggest genus with about 150
named species (75% of the family). Marcus
(1950) listed all known species distinguished on
colour pattern alone. Both Hyman (1954, 1959a)
and Prudhoe (1985, 1989) considered reproduc-
tive anatomy too homogeneous within the genus
to be uscful in classification and reaffirmed the
belief that within Pseudoceros species deter-
mination could be made solely on the basis of
colour pattern. Prudhoe (1985) further pointed
out that although colours fade on preservation or
change through diet (Crozier, 1917), the pattcrn
still remained.

It is well established among turbellarian flat-
worms (and probably within the phylum

Platyhelminthes) that the anatomy of the
reproductive system is of major significancc in
classification (Cannon, 1986). Basing his work
substantially on reproductive anatomy, Faubel
(1984) erected a new schemc for the Polycladida
at variance with the more conventional view of
Lang (1884), Bresslau (1933) and Marcus and
Marcus (1968) which Prudhoe (1985) continued
to follow. A consequence of this was the separa-
tion of Pseudoceros into five genera. Working
mainly from the literature Faubel (1984) found it
difficult to assign many taxa to these new genera
and so established a list of incertae sedis. Prudhoe
(1985, 1989) knew of Faubel’s work and rejected
it, maintaining varability was an inherent part of
Pseudoceros and that changes due to maturation
could also be reflected in differential morphology
of some organs.

Wc analyse here some of the characters (estab-
lished and new) within Pseudoceros sensu lato
which we believe can elucidate the taxonomy of
this large genus. Although the genus was split by
Faubel (1984), the genera other than Pseudoceros
were not accepted by Prudhoc (1985, 1989).
However, we have ascertained that by examining
extensive material from thc GBR and PNG, the
genus Pseudobiceros Faubel, 1984 is valid.
Based on our rc-examination of these two gencra
we find we can only reliably place a limitcd



208

MEMOIRS OF THE QUEENSLAND MUSEUM

TABLE 1. Colour pattern groups for recognised and new species of Pseudoceros .

Colour Pattern | Recognised Species

New Species

i |Even Colour perviolaceus - purple

bolool - black

yellow margin .
amblei - white; blue margin
itoralis - brown; orange

2 |Marginal Bands

bimarginatus* - white; orange & black &

black margin

depiliktabub - black; green & cream & yellow
margin i
\febborum - orange; black & orange margin
periaurantius - black; orange margin .
peripurpureus - black; violet & purple magin
prudhoei - brown; blue & yellow margin
sapphirinus - black; blue laterlal ban
verecundus - cream; orange & black
interrupted margin

white mar

margin

3 |Longitudinal .
i gravieri* - blue; many yellow stripes

Stripes
Zellow margin

iristriatus - blue, 3 orange stripes

bifasciatus - purple; 2 black stripes, orange &

in
bifurcus -gblue; 1 median stripe, orange & white
dimidiatus* - black; 2 yellow stripes, orange
violaceus - purple; 1 yellow median stripe,

elaartii - purple mottled; 3 white stripes

laticlavus - black; 1 median white stripe, white
margin

monostichos - cream;, narrow black median
line, blue & purple & green margin .
paralaticlavus - black; 1 median white stripe,
white & yellow margin

atropurpeus - purple; white dots
concinnus - cream; blue spots
Jferrugineus - red; white dots

brown, interrupted margin

Spots, Dots &
4 I Mou

tling interrupted margin

margin .
mossambicus - black; greenish spots
pardalis - brown; yellow spots

vinosus - red; yellow & white dots

interruptus - brown mottled, blotches of red-
leptostictus* - cream; orange & black spots, Eurple spots & dots

memoralis - white; brown dots & interrupted

pius - yellow mottled; red & black spots

goslineri - cream & brown mottling; pink &

eronensis - cream; brown & white dots,
yellow margin ) )
ouini - cream mottled; pink spots at margin

lindae - burgundy; yellow & blue maculae

5 |Maculae glaucus - grey; black maculae scintillatus - black; yellow maculae, orange
margin
Transverse . . . . .
6 |[Streaks & zebra - yellow; black streaks, orange margin {ehsts- grey mottled; black bifurcating stripes &
Stripes po
t gx(()ilcot::mi nate Juscogriseus, langemaakensis, tomiokensis

*collected during this study, T colour pattern not given in original description, but sufficient detail provided from

preserved specimens for generic determination.

number of species in each. A discussion of mor-
phological and anatomical characters is given
here for Pseudoceros and comparisons are made
with Pseudobiceros.

Colour & pattern. Due to incomplete species
descriptions in the past literature, we have
defined and illustrated colour patterns for both
Pseudoceros and Pseudobiceros based on living
animals (Fig. 1). We have created six groups of
colour patterns to aid in species identifications
and comparisons are made where possible with
the previous literature (Tables 1, 2). Although
these divisions may be somewhat arbitrary, they
provide a basis for the description of these flat-
WOrms.

Pseudoceros contains the most diversified
colour groups and the colour patterns are usually

opaque. The majority of species were found to be
spotted, dotted or mottled (Group4). Species with
aneven background colour (Group 1) and distinct
maculae (Group 5) were not common. In contrast,
the majority of Pseudobiceros were flamboyantly
patterned either possessing a dark (usually black)
background with distinct marginal bands (Group
2) or stripes (Groups 3 & 6). It appears that
Pseudobiceros are generally more strikingly
coloured when compared to Pseudoceros which
possesses many cryptically coloured species.

The ovaries are sometimes bright red or deep
purple and can influence the colour of the dorsal
surface. The pharynx, intestine and reproductive
organs are white in both genera.

Shape, texture & size. Both genera are extreme-
ly delicate, elongate oval and have a smooth
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FIG. 2. General morphology of the dorsal surface. A,
Pseudoceros ; B, Pseudobiceros..

dorsal surface without dorsal papillae as found in
Acanthozoon and Thysanozoon,

Pseudoceros are flat with few, shallow mar-
ginal ruffles (tending to increase in number with
size) and blunt posteriorly or tapering only slight-
ly when extended (Fig. 2A). Species range in size
from a few millimetres (juveniles) to a maximum
of 70 X 35mm, In contrast, Pseudobiceros are
narrower, raised medially, possess deep marginal
ruffles (often crenulated when the animal is rest-
ing) and taper posteriorly when extended (Fig.
2B). Most species are extremely fragile and readi-
ly fall apart when disturbed. Species which are
black or mainly black are opaque but most other
species are transparent and their internal organs
can be seen through the epidermis. Pseudo-
biceros are undoubtedly the largest of the pseu-
docerotids reaching amaximum of 140 X 80mm:;
twice the maximum size of Pseudoceros.

Pseudotentacles. The ‘tentacles’ are clearly
folds of the anterior margin and not separate as in
Euryleptidae. These pseudotentacles must be ex-
amined from living animals as they loose their
distinctive shape during fixation.

In Pseudoceros, the pseudotentacles are simple
folds occurring in two forms; either square blunt,
simple, tubular folds (Fig. 3A) or pointed broad
flaps (Fig. 3B). It appears that differences be-
tween these two forms are due to size since both
forms have been observed in a single species.
Conversely in Pseudobiceros, the pseudoten-
tacles are further developed, held more erect and
are more conspicuous. Two distinct pseudoten-
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tacular types are found being either ear-like and
pointed (Fig. 3C) or square with lateral ruffles
(Fig. 3D). The degree of lateral ruffling of the
pscudotentacles can also vary from slight to deep
ruffles. Differences observed between these two
forms of pseudotentacles in Pseudobiceros are
species specific.

Cerebral eyes. Prudhoe (1989) noted that the
number of eyes increased with size. Within the
cerebral eyespot the eyes are arranged in a horse-
shoe shaped cluster with concentric rows (nottwo
distinct elongate clusters as found in Eurylep-
tidae). There is little difference in the arrange-
ment of cerebral eyes between Pseudoceros and
Pseudobiceros although the latter tends to pos-
sess a larger number of eyes, especially in maturc
animals. Occasionally the cerebral eyes appear to
form a round cluster in both genera.

The cerebral eyespot is often found in the clear
area which in Pseudoceros is an inverted heart
shape (Fig. 3A, B) and in Pseudobiceros an elon-
gate oval extending anterior and posteriorly,
sometimes becoming an indistinct median line in
large specimens (Fig. 3C, D). The presence and
shape of this clear area is evident in live animals
but lost during fixation. Occasionally a few
precerebral eyes are found in Pseudoceros.

Pseudotentacular eyes. Pseudotentacular eyes
are present in both genera (not absent as in Para-
pseudoceros) although they are difficult to see in
animals with black backgrounds or marginal
bands. The dorsal pseudotentacular eye arrange-
ment differs between Pseudoceros and Pseudo-

FIG. 3. A-D, Dorsal pseudotentacles and eye arrange-
ment. A, B, Pseudoceros, C,D, Pseudobiceros. E, F,
ventral pseudotentacular eye arrangement. E, Pseu-
doceros;, F, Pseudobiceros.
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FIG. 4. General morphology of the ventral surface. A,
Pseudoceros, B, Pseudobiceros.

biceros: in Pseudoceros, the dorsal pseudotentacular
eyes are arranged in two to three scattered lines
across the anterior pseudotentacularrim (Fig. 3A,
B), but in Pseudobiceros the eyes are arranged in
four loose longitudinal clusters across the pseu-
dotentacles (Fig. 3C, D). The ventral pseudoten-
tacular eyes occur in two loose clusters in
Pseudoceros, but in four dense clustcrs in Pseu-
dobiceros (Fig. 3E, F).

An auricular ciliated groove is found ventrally
and terminates at the lateral limit of the pseudo-
tentacles in Pseudoceros but extends laterally
along the margin in Pseudobiceros (Fig. 3E, F).
According to Prudhoe (1985) the function of this
groove is unknown but it is probably used for
chemoreception.

Pharynx. The pharynx is clearly ruffled in
Pseudoceros and Pseudobiceros (not tubular as
found in Euryleptidae and Prosthiostomidae).
Hyman (1959a) first notcd differences in pharynx
shape in Pseudoceros and used the phrase ‘but-
terfly shape’ to dcscribe a pharynx with ‘lateral
lobulations that increase in length in the antero-
posterior direction’. Hyman further stated that
pharynx shapc may be decisive in species deter-
mination but this has not becn investigated in any
dctail. Prudhoe (1989) apparently did not agree
with Hyman and statcd that differences in
pharynx shape were simply due to growth
whereby ‘in a young worm the pharynx has a
compact outline, but as the worm grows so the
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pharynx finally assumes a butterfly shape’. Fur-
thermore, Prudhoe believed that differences in
pharynx shape within the genus could be due to
fixation.

Our studies clearly show a difference in
pharynx shape between Pseudoceros and Pseu-
dobiceros. The pharynx in Pseudoceros is round
and oval with about seven (one anterior, four
lateral and two posterior) complex pharyngeal
lobes, each dividing (“butterfly shaped’) and ex-
tending laterally (Fig 4A, 5A). Incomparison, the
pharynx in Pseudobiceros is generally relatively
smaller, narrower and elongate-oval with about
10 to 20 shallow simple pharyngeal folds which
do not divide (Figs 4B, 5B). Obvious differences
in pharynx shape between these two genera have
probably been overlooked since the pharynx
shape can be drastically distorted in preserved
specimens.

Intestine. The intestine extends posteriorly to
just near the posterior margin of the body in
Pseudoceros (Fig. 4A): it does not extend as far
in Pseudobiceros (Fig. 4B). Numerous lateral
anastomosing intestinal branches can be seen
clearly in Pseudoceros as thcy evenly branch off
the intestine trunk. It is difficult to see the
numerous lateral branches of the intestine in
Pseudobiceros since the intestine is much wider
and often inflated. These intestinal branches ap-
pear to be finer and more numerous than in Pseu-
doceros and do not extend to the posterior limit
of the intestine. It should be noted that the
majority of Pseudobiceros collected during this
study were velvety black and anatomical details
were difficult to sec in whole mounts.

Sucker. The sucker (or adhesive organ) is char-
acteristic of thc cotyleans but is sometimes dif-
ficult to sce in preserved specimens. Prudhoe
(1985) maintained that the purpose of the sucker
was not known. Our in situ observations clearly
show that the sucker is uscd to adhere animals to
their substrate and is not used during copulation.

In Pseudoceros the small, round sucker is found
posterior to the female pore in the mid-body (or
Just antcrior to the mid-line when animals are
alive) (Fig. 4A). The sucker and gonopores are
gencrally equally spaced. In Pseudobiceros the
sucker is less pronounced and is well separated
from the male and female gonopores (Fig. 4B).
Specimens of both genera were occasionally
found with two unequal sized suckers.

Gonopores. In Pseudoceros the single male
pore is found between or just posterior to the last
pair of pharyngeal folds and the female pore is
clearly separated from thc male pore (Figs 4A,
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FIG.5. Details of the pharynx and gonopores. A, Pseu-
doceros; B, Pseudobiceros.

SA). In Pseudobiceros the symmetrical male
porcs are found just posterior to the end of the
pharynx (Figs 4B, 5B), and they are clearly
separate. The two male antra and penis papillac
are usually directed towards each other making
interpretations of the penial stylet from lon-
gitudinal sections often difficult and several
animals may need to be sectioned.

In Pseudoceros and Pseudobiceros there is a
single female pore (not multiple as in Nym-
phozoon) found posterior to the male pore(s). In
Pseudoceros the female pore is well separated
from the male pore (Figs 4A, 5A) whereas in
Pseudobiceros the female pore is clearly found
between the male pores (Figs 4B, 5B). It should
be noted that the position of the gonopores and
sucker can change dramatically with fixation.

Testes. The scattered testes are found ventrally,
occasionally occurring with the ovaries in the
dorsal parenchyma (Prudhoe, 1985). Testes and
ovaries often mature simultaneously.

Male pore(s). The presence of a double male
reproductive system was first noted by Lang
(1884). He described three varietics of Pseudo-
ceros maximus Lang, 1884; one with a single
male pore, one with two male pores and a double
male apparatus, and one with two male systems
but only one male pore. Stummer-Traunfels
(1895) considered these three varieties to be dif -
ferent species but did not separate them. Later,
Stummer-Traunfels (1933) figured two
specimens of Pseudoceros latissimus (Schmarda,
1859), with one and two male pores.

Hyman (1959a) also noted that the presence of
a single or paired male apparatus in Pseudo-
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cerotidac was a useful charaeter and predicted
that the details of the male copulatory apparatus
may be of value in specific diagnosis, but she
rarely gave these details. Prudhoe (1989) main-
tained that the number of male copulatory ap-
paratuses was questionable as a diagnostic
feature. He explained that the occurrence of su-
pernumerary of organs is well known among
certain families of polyclads and he refrained
from accepting Faubel’s (1984) reclassification
of the family Pseudocerotidae, including the
diagnosis of Pseudobiceros, and instead recog-
nised the systematics given by Bresslau (1933).

Thc double anatomy of the male reproduetive
system is characteristic of Pseudobiceros (Figs
4B, 5B). There can be no question that this rep-
resents merely supernumerary of male organs as
suggested by Prudhoe (1989). Significant dif-
ferences in other morphological characters (such
as the pseudotentacles, eyes and pharynx) exists
between Pseudoceros and Pseudobiceros to con-
firm the distinction between these genera.

Vas deferens. Prudhoe (1989) believed that a
diagnostic feature for Pseudoceros is whether
each vas deferens opens into the seminal vesicle
separately or whether they unite to form a single
duct. In Pseudoceros the seminal vesiele and vas
deferens changc shape dramatically depending
on maturity. In the early stages of development
of the male phase the ducts unite to open into the
seminal vesicle by a common duct, but as the
vesicle becomes swollen with sperm, the duct
disappears and each vas deferens appears to open
into the seminal vesicle separately (Figs 5A, 6).

In both genera, species were found with
branching vas deferens. It is assumed that rather
than being of taxonomic significance this is due
to sexual maturity where fully developed vas
deferens form an anastomosing network.

Seminal vesicle & ejaculatory duct. The semi-
nal vesicle is basically elongate and oblong and
there are no apparent generic or specific differen-
ces (Figs 5, 6, TA). The walls are thick and
muscular (eircular muscle) and the development
of musculature depends on sexual maturity sincc
the walls are thinner when the seminal vesicle is
swollen with sperm.

The cjaculatory duct 1s direeted antero-dorsally
and varics considerably in length and in the amount
of coiling, but there is no apparent significant dif-
ference between the two genera (Fig. 6).

Prostate & prostatic duct. The prostate is free
or independent (not interpolated into the seminal
vesicle) and varies from oval to round. The mus-
cular wall eontains extraepithelial glands which



212 MEMOIRS OF THE QUEENSLAND MUSEUM

Toat
1

gupng%“l”’% &% ] ‘
M KONV AT
//l’,bun\'?‘ g

FIG. 6. Diagrammatic reconstruction of the body in the genital region showing the reproductive anatomy for
Pseudoceros and Pseudobiceros. A, general distribution of organ systems; B, details of musculature. (In
Pseudobiceros, which may be similarly diagrammatically represented, the male and female systems are not in
line so they are shown separately in the descriptions).
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FIG. 7. Photomicrographs of the reproductive system in Pseudoceros. A, male; B, female.
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discharge into the interior. In two large species
the prostate had either an involuted lining or two
separate chambers but these varations appear to
be due to size. The prostatic duct is short, straight
and joins the ejaculatory duct in the penis.

Penial stylet & male antrum. Although the
stylet varies in width at its base, there is no
apparent difference in shape between the two
genera (Figs 6, 7A, 8A). The male antrum is
usuvally wide and folded in Pseudoceros and deep
(almost tubular) in Pseudobiceros. Variation in
the size and shape of the penis pocket, penial
sheath and antrum appear to be due to fixation, as
no specific or generic differences have been
determined.

Ovaries. The ovaries are scattercd dorsally and
extend anteriorly to the mid-pharynx region and
posteriorly to the posterior margin in Pseudo-
ceros, butonly to the posterior end of the intestine
in Pseudobiceros (Fig. 4).

Oviducts & vagina. The distal oviducts anas-
tomose postero-laterally along the intestine and
extend to about 1/3 the body length when the
animal is fully mature, finally joining the short
posteriorly directed muscular vagina (Figs 4, 5,
6). The anatomy of the female system appears to
be similar between species and genera as no
notablc diffcrences have been found.

Cement glands & female antrum. The cement
(or ‘shell’) glands extend outward from the lining
of the cement pouch which is located within the
folded female antrum. These glands are com-
pressed dorso-ventrally and appear to be relative-
ly more extensive in Pseudoceros than in
Pseudobiceros.

Musculature. In Pseudoceros the body has a
thin circular muscle layer, a weak diagonal
muscle layer and a more prominent longitudinal
muscle layer (Fig. 6B). In Pseudobiceros there is
an extra, though not well-dcfined, longitudinal
muscle layer directly beneath the basement
membrane. Dorso-ventral muscles are more
prominent in the larger Pseudobiceros.

In both genera, the prostate is surrounded by
crossed longitudinal muscle bands which lie over
weak circular muscles (Fig. 6B). The seminal
vesicle has distinct crossed circular muscle
bands. There are several retractor muscles around
the base of the penis sheath and there appear to
be slightly more of these muscles in Pseudo-
biceros. The vagina has only weak, occasional,
circular muscle bands.

Size and state of fixation appeared to contribute
to slight variations observed in these patterns. No
specific differences were found in the muscle
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layers of the copulatory organs orin the body wall
of the reproductive region.

Pseudoceros Lang, 1884

Proceros velutinus Blanchard, 1847; type unknown,
painting only?

TYPE LOCALITY
Genoa, Italy.

EMENDED DIAGNOSIS

Flamboyantly or cryptically coloured. Body
soft, oval, flat medially, few marginal ruffles,
blunt or tapcring slightly posteriorly (Fig. 2A).
Pseudotentacles simple folds or broad flaps
formed from the anterior margin (Fig. 3A, B).
Cercbral eyespot horseshoe shaped with 20 to 60
eyes in semicircular rows, usually in an inverted
heart shaped clear area. Dorsal pseudotentacular
eyes in two to three scattered lines; ventral pseu-
dotentacular eyes more numcrous, extending
medially to the pseudotentacular tipsin two loose
clusters (Fig. 3E). Pharynx anterior with about
seven (one anterior, four lateral and two
posterior) highly ruffled, deep, complex pharyn-
geal folds (Figs 4A, 5A). Intestine narrow, ex-
tends towards the posterior margin, numerous
lateral branches. One male pore posterior to
pharynx, between last pair of pharyngeal lobes.
Female porc well separated from male pore, equi-
distant from it and sucker. Sucker distinct, mid-
body. Male copulatory apparatus single with
seminal vesicle and armed penis papilla, prostate
orientated antero-dorsally.

TAXONOMIC REMARKS

Lang (1884) first described the genus Pseudo-
ceros as pseudocerotids with sharp or blunt (acute
or rounded) marginal pseudotentaclcs, without
dorsal papillae, with single or double male
copulatory organs and no anal pores (porcs from
the gut branches) dorsally.

Faubel (1984) diagnosed Pseudoceros as
‘Pseudocerotidae with smooth dorsal surface,
tentacular and cerebral eyespots present, male
copulatory apparatus single with seminal vesicle
and armed penis papillae, prostatic vesiclc orien-
tated antero-dorsally’. Prudhoe (1985, 1989)
added that the pharynx has four or five pairs of
lateral folds and that the male copulatory com-
plex may be single or double: in the latter case
they are arranged symmetrically.
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FIG. 8. Photomicrographs of the reproductive system in Pseudobiceros. A, male; B, female.
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FIG. 9. Pseudoceros bifurcus Prudhoe, 1989. A, diagram
of the dorsal colour pattern; B, QMG210332,
wholemount showing the morphology from the ventral
surface; C, QMG210323, reconstruction of the
reproductive anatomy . Scales: B, 2.5mm; C, 500pm.

LIST OF RECOGNISED SPECIES
The following 26 known species we believe

may be reliably placed in Pseudoceros sensu
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stricto based on the morphology of the pharynx,
eyes, pseudotentacles or reproductive anatomy
(Table 1):atropurpeus Kato, 1939; bifasciatus
Prudhoe, 1989; bifurcus Prudhoe, 1989%*; bimar-
ginatus Meixner, 1907*; concinnus (Col-
lingwood, 1876); dimidiatus von Graff, 1893%;
ferrugineus Hyman, 1959%; fuscogriseus Hyman,
1959 ; gamblei Laidlaw, 1902; glaucus Prudhoe,
1989; gravieri Meixner, 1907*; interruptus
(Stimpson, 1855); kelaartii (Collingwood, 1876);
langemaakensis Faubel, 1984, leptostictus Bock,
1913%; litoralis Bock, 1913; memoralis Kato,
1938; mossambicusPrudhoe, 1989; pardalis Ver-
nill, 1900; perviolaceus (Schmarda, 1859); pius
Kato, 1944; tomiokaensis Kato, 1938; tristriatus
Hyman, 1959a; vinosus Meixner, 1907; violaceus
(Kelaart, 1858); zebra (Leuckart, 1928)(*col-
lected during this study).

SPECIES FROM EASTERN AUSTRALIA &
PAPUA NEW GUINEA

Pseudoceros bifurcus Prudhoe, 1989
(Figs 9A - C; 46A)

Pseudoceros dimidiatus von Graff, 1893; George &
George, 1979: 43, pl. 49 fig. 7.

Pseudoceros unidentified species; Stummer-Traun-
fels, 1933: pl. 1, fig. 17.

P. liparus Marcus, 1950; Coleman, 1990: 30.

Pseudoceros bifurcus Prudhoe, 1989: 78, fig. 20.

MATERIAL EXAMINED

HoLoTYPE: Mayotte, Comoros Islands, Madagascar,
38m, P. Bouchet, 29.03.77, WM, BMNH1984.10.6.7-8.
PARATYPE: same data as holotype.

OTHER MATERIAL: Heron Is., reef slope, 3 to 15m,
12.07.89, WM, QMG210320; 12.90, WM,
QMG210323; 18.02.91, S, QMG210439; 11.0691,
WM, QMG210325; WM, QMG210326; S,
QMG210365; 20.06.91, LS, QMG210321; S, 4 spec.,
QMG210322; LS, QMG210330; 26.06.91, S, 3 spec.,
QMG210331; 06.91, LS, QMG210327; WM,
QMG210328;02.02.92, WM, QMG210329;13.02.92,
LS, QMG210332; 23.02.92, S, 7 spec. QMG210336;
J. Tanner, 28.08.92, LS, QMG210333; 09.92, WM &
LS, QMG210335; One Tree Is., reef slope, 18m,
12.09.02, LS, QMG210334. Records: Broadhurst
Reef, central GBR, 15m, I. Loch, 14.10.73, CT.

DESCRIPTION

Colour & pattern. Background varies from
blue (279) to light mauve (250) (cream in the
largest animals) intensifying to purple (252) atthe
margin; lacks distinct marginal band. Pseudoten-
tacles mauve. Bright orange (1655) regular elon-
gate spot posterior from the cerebral eyespot
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fading into an irregularly shaped white median
stripe which ends before the posterior margin;
stripe bordered by dark burgundy (221). Ventral-
ly light mauve or cream, marginal band mauve.

External features. Pseudotentacles simple
folds. Cerebral eyespot with about 30 eyes, oc-
casionally with a few scattered precerebral eyes.
Size: mature from 23 X 10mm to 60 X 35mm;
juveniles from 1.0 X 0.4mm.

Reproductive anatomy. Seminal vesicle
rounded oblong (888um long); ejaculatory duct
short, coiled. Prostatic vesicle round (185um
wide). Stylet short (130um long). Male antrum
moderately deep and voluminous. Female
antrum shallow.

REMARKS

This species belongs to Group 3 where the
majority of species possess a dark purple or black
background. Only P. gravieri (Table 1) and P.
tristriatus have a similar background colour but
P. bifurcus has one white medial stripe not mul-
tiple yellow or orange longitudinal stripes.

Prudhoe (1989) described this species from two
immature specimens and based his diagnosis on
the colour pattern observed from a colour
transparency (not located). Specimens from
Heron Is. are identical in colour pattern to
Prudhoe’s description with the exception of a
white marginal band. This band may be an ar-
tefact resulting from the lighter ventral surface
exposed due to ruffling of the margin. Although
the pharynx was not described by Prudhoe, the
holotype and paratype possess complex pharyn-
geal folds. The reproductive anatomy was not
examined by Prudhoe (1989).

Stummer-Traunfels (1933) may have first
figured this species from Indonesia but it was not
named. In the colour plate the animal is shown as
blue with an orange median stripe bordered by
black. This pattern is similar to P. bifurcus with
the exception that the median stripe is only orange
anteriorly in P. bifurcus.

BIOLOGY

Animals were commonly observed feeding
during the day on ascidians especially Eudistoma
laysani (Sluiter, 1900), under ledges on the reef
slope. Animals were also observed copulating in
situ and in the laboratory.

HABITAT & DISTRIBUTION

Found under ledges (usually on ascidian prey)
on reef slope. Abundant from Heron Is., rare from
One TreeIs. Records: Central GBR, Madagascar.

217

FIG. 10. Pseudoceros bimarginatus Meixner, 1907. A,
diagram of the dorsal colour pattemn; B, QMG210374,
wholemount showing the morphology from the ventral
surface; C, QMG210375, reconstruction of the
reproductive anatomy. Scales: B, 2.5mm; C, 250pum.

Pseudoceros bimarginatus Meixner, 1907
(Figs 10A - C; 46B)

Pseudoceros bimarginatum Meixner, 1907: 465 - 468,
pl. XXV figs 5, 6; pl. XXVI, figs 17, 18; Marcus,
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1950: 84; Prudhoe, 1985: 194; Prudhoe, 1989: 78 -
79.

Pseudoceros - undescribed species Stummer-Traun-
fels, 1933: pl. 7.

Pseudoceros corallophilus Hyman, 1954: 223, fig. 2;
Faubel, 1984: 207; Coleman 1990: 31; Cannon &
Ncwman, 1993: 83, pl. 4.

MATERIAL EXAMINED

HoLoTYPE: Unknown, Somalia.

OTHER MATERIAL: Heron Is., recf crest, 17.08.89,
WM, QMG210372; 11.06.91, WM, QMG210374;
31.01.92, LS, QMG210375; 21.02.92, S,
QMG210377; 10.08.92, S, QMG210381; 14.08.92,
WM, QMG210382; 09.09.92, LS, QMG210383.
Records: Anilao, Philippines, Stn, 13, 31.03.93, T.
Gosliner, CT.

DESCRIPTION

Colour & pattern. Background white or white-
cream (sometimes faint purple anteriorly) with
three distinct marginal bands; inner wide orange
(151) , middle opaque black, narrow bright yel-
low-green (102) rim. Fine narrow, median white
line (sometimes faint or absent), not extending to
the posterior margin and along the inside of the
orange marginal band. Ventrally vibrant pink-
orange (135) with the same marginal bands.

External features. Pseudotentacles simple
folds. Cerebral eyespot with 30 to 40 eyes. Mar-
ginal eyes obscured due to black pigmentation of
the marginal band. Size: mature from 23 X
12mmto 32 X 18mm; juvenile from 12 X 6mm.

Reproductive anatomy. Seminal vesicle round
(638um long), ejaculatory duct long, coiled; vas
defcrens dorsally directed. Prostate small, oval
(323pum wide). Stylct short (187um long). Male
and female antra wide.

REMARKS

This species belongs in Group 2. Only one other
species is white, P. gamblei. P. bimarginatus has
three distinct marginal bands not one as in P.
gramblei. P. heronensis sp. nov. (Group 4) also
somewhat resembles this species (see below).

Meixner (1907) described and illustrated this
species from Gravier’s original description
which is as follows, ‘Face dorsale rose pile,
face ventrale, méme teinte, plus foncée. Sur le
poutour bandes jaune d’or, brune, avec un
liseré vert.” Although this colour description of
the marginal bands differs slightly from ours, it
is difficult to know whether the original
description was based on a living or preserved
animal. From the original description the rela-
tive width of the marginal bands and deeper
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colour of the ventral surface convince us of thc
similarity in these animals.

Subsequently, Stummer-Traunfels (1933) figured
this same species in a colour plate yet it remained
unnamed. Hyman (1954) obviously overlooked
this species when describing P. corallophilus
‘with some hesitation’ based on one preserved
immature specimen from Heron Island.

The dorsally directed vas deferens and round
seminal vesicle are unusual for the genus.

BIOLOGY

The vibrant orange, black and yellow marginal
bands suggest that this species is displaying
aposematic or warning colouration.

HABITAT & DISTRIBUTION

Found moving across boulders or sand during
the day at the reef crest. Common from Heron Is,
Records: Central GBR, Somalia, Philippines.

Pseudoceros bolool sp. nov.
(Figs 11A - C; 460C)

MATERIAL EXAMINED

HoLoTYPE: Heron Is., reef crest, 28.12.90, WM,
QMG210386.

PARATYPE: Heron lIs., reef crest, 06.09.92, LS,
QMG210395.

OTHER MATERIAL: Heron Is., reef crest, 29.08.89, §, 2

spec., QMG210384; 17.10.89, LS, QMG210385;
06.11.90, S, QMG210441; 02.01.91, S, QMG210387;
19.01.92, S, QMG210399; 27.01.92, LS,
QMG210389; 04.02.92, S, QMG210390; 19.02.92,
LS, QMG210391; WM, QMG210487; 24.08.92, LS,
QMG210394; 18.02.93, S, QMG210396; 21.02.93, S,
QMG210397; One Tree Is., reef crest, 19.08.93, WM,
QMG210630; Madang, reef crest, 2 - 3m, 08.06.92,
WM, QMG210392; 16.06.92, LS, QMG210393.

DESCRIPTION

Colour & pattern. Background velvety black,
no markings, grey when extended or dark brown
if gut diverticula full of food. Ventrally light grey
medially, darker marginally.

External feaiures. Pseudotentacles simple
folds. Cerebral eyespot with about 60 eyes in
clear areu. Size: maturc from 16 X 9mmto 45 X
22mm; immature from 6 X 3mm.

Reproductive anatomy. Seminal vesicle elon-
gate, oblong (638um long), ejaculatory duct
coiled. Prostate round (203pm wide). Stylet short
(113mm long). Male antrum wide,

DIAGNOSIS
Even black dorsally, with no other markings.
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FIG. 11. Pseudoceros bolool sp. nov. A, diagram of the
dorsal colour pattern; B, QMG210386, wholemount
showing the morphology from the ventral surface; C,
QMG210395, reconstruction of the reproductive
anatomy, Scales: B, 2mm; C, 250pm.

ETYMOLOGY
From an Australian aboriginal word for night

‘bolool’.
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REMARKS

This species belongs in Group 1 with the violet
coloured P. periviolaceus.

Hyman (1959a) described Pseudoceros ater
from Palau as uniform dark greyish or practically
black without any markings. Examination of the
holotype of P. ater (USNM28655) showed that
the pharynx had simple rather than complex
pharyngeal folds and may be referable to Pseuw-
dobiceros.

Both P. bolool and the nudibranch Dendrodoris
nigra (Stimpson, 1855) are evenly black, of
similar size and are often found under the same
boulders. These animals are possible mimics.

HABITAT & DISTRIBUTION

Usuvally found on colourless, transparent,
encrusting colonial ascidians under boulders at
the reef crest or from under rubble on the reef
slope. Common (especially juveniles) from
Heron Is., rare from One Tree Is. and Madang.

Pseudoceros depiliktabub sp. nov.
(Figs 12A - C; 46D)

MATERIAL EXAMINED

HoLoTYPE: Madang, reef crest, under rubble, 4m,
24.06.92, WM, QMG210473.

PARATYPE: Madang, reef crest, under rubble, 3m,
26.06.92, LS, QMG210474.

DESCRIPTION

Colour & pattern. Background velvety black
fading into three marginal bands; inner marginal
band black-green (556) fading to yellow-cream
(127) with distinct bright orange (109) rim.
Ventrally purple-black, same marginal bands.

External features. Pseudotentacles simple
folds. Body sometimes with few deep marginal
ruffles, tapering slightly posteriorly. Cerebral
eyespot with about 30 eyes. Size: mature from 25
X 11mm; juvenile from 20 X 6mm.

Reproductive system. Seminal vesicle elongate
oblong (7951Lm long), ejaculatory duct coiled.
Prostate round (285um wide). Stylet short
(195um long). Male antrum deep, female antrum
shallow.

DIAGNOSIS

Dark green with three marginal bands; inner
wide, dark green; middle wide cream; and narrow
orange at rim.

ETYMOLOGY
From the Rewo Village language (Madang,
PNG) name of the reef where it was collected.
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FIG. 12. Pseudoceros depiliktabub sp. nov. A,
diagram of the dorsal colour pattern; B,
QMG210473, wholemount showing the morphol-
ogy from the ventral surface; C, QMG210474,
reconstruction of the reproductive anatomy. Scalcs
B, 2.5mm; C, 250pm.

REMARKS

This species belongs to Group 2 in which
several species possess a black background with
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vibrantly coloured marginal bands. P. bimar-
ginatus also possesses three marginal bands,
however, the bands are orange, black and yellow
not green, cream and yellow as in P. depiliktabub.

HABITAT & DISTRIBUTION
Found under rubble at the reef crest. Rare from
Madang.

Pseudoceros dimidiatus von Graff, 1893
(Figs 13A - C, 46E, F)

Pseudoceros dimidiarus von Graff, 1893; 362, pl. V11,
Faubel, 1984: 238, incerta sedis.
unidentified flatworm,; Steene, 1990: 322, pl. 184,

MATERIAL EXAMINED

HoLoTYPE: Painting only, GBR, Australia.

OTHER MATERIAL: Madang, reef slope, 10m, M.
Ghiselin, 03.06.92, LS, G210489. Records: Wistari
Reef, off Heron Is., reef slope, 20m, R. Riechelt,
16.11.80, CT; north Sulawesi, M. Severns, CT.

DESCRIPTION

Colour & parrern. Background velvety black
with two median yellow (Process Yellow) stripes
which vary from narrow to extremely wide,
stripes begin at the pseudotentacles and continue
posteriorly to join just prior to the posterior mar-
gin. Narrow black median stripe. Distinct wide
orange (021) marginal band. Ventrally grey-
black with orange marginal band.

External features. Large species with several
deep marginal ruffles. Pseudotentacles simple
folds (Fig. 46E) or broad flaps (Fig. 46F).
Cerebral eyespot with 100’s of eyes. Size: mature
at70 X 25mm.

Reproductive anaromy. Seminal vesicle large
(2.36mm long); ejaculatory duct short, coiled.
Prostate oval (473um wide) with numerous
chambers resulting from an involuted lining.
Stylet relatively long (225mm). Male antrum
wide, female antrum narrow and shallow.

REMARKS

This species belongs in Group 3. Its flamboyant
colour pattern of black with yellow longitudinal
stripes and orange margin is distinct. P.
dimidiarus 1s somewhat similar to P. violaceus
which s purple with a yellow stripe and marginal
band, however, the former species has two wide
yellow median stripes and adistinct bright orange
margin. Itis surprising that this large conspicuous
species has rarely been recorded since 1893. The
unusual prostate with its involuted lining may be
due to this species’ large size.













































































































































