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ABSTRACT

Three Mediterranean arminids (Armina neapolitana
(Delle Chiaje, 1824); Armina tigrina Rafinesque,
1814 and Armina maculata Rafinesque, 1814) and
one Atlantic species (Armina loveni (Bergh, I860))
were examined morphologically, anatomically and
histologically. Detailed descriptions of all organ
systems are given. Marginal sacs are described for all
four species.

All four species are very similar in their morphol-
ogy, anatomy and histology. Differences are appar-
ent in the colour and structure of the notum, in the
shape of the radula teeth, in the structure of the
digestive gland and in the anterior genital complex.

The data gathered in the examinations are com-
pared to existing literature. Additionally, the four
species are compared to other species of Armina.
Since the existing data about these are sparse, the
comparison is rather incomplete. More information
especially about anatomy needs to be gathered for a
better understanding of the genus.

INTRODUCTION

The Arminidae are poorly known nudibranchs.
They burrow in the sediment (Bergh 1891), live
mainly in deep water (Bergh, 1891; Marcus &
Marcus, 1966) and little is known of their
biology. Knowledge of the anatomy of arminid
nudibranchs, especially other than Armina is
very fragmentary and the phylogeny of the
Arminidae (i.e. the genera Armina, Dermato-
branchus, Histiomena, Linguella, Pleuro-
phyllidiella and Pleurophyllidiopsis) is unclear.
Characters shared by members of the family
are an elongate, flattened body narrowing
towards the tail (Schmekel & Portmann, 1982;
Lance, 1962); longitudinal ridges or pustules
on the notum (Pruvot-Fol, 1954); a distinct
oral veil and retractile rhinophores (Schmekel
& Portmann, 1982); a caruncle in front of
the rhinophores (Bergh, 1891); and a radula

typically having a broad and denticulated
rachidian tooth and partly denticulated, falci-
form laterals (Odhner, 1939). All these charac-
ters, except for the caruncle and the subnotal
lamellae, which probably have evolved within
the Arminidae and are typical for some but not
all genera (Kolb & WSgele, in press), are
plesiomorphic and no autapomorphies have
yet been recognized for the Arminidae.

The genus Armina with more than fifty
nominal species has a worldwide distribution.
Species typically have two different types of
subnotal lamellae: branchial and hyponotal
lamellae (e.g. Miller & Willan, 1986). The
rhinophores are situated close together in front
of the continuous notal margin. Most studies
on Armina have concentrated on the morphol-
ogy and the structure of the radula (e.g. Baba,
1949, 1955; Pruvot-Fol, 1955; Thompson,
Cattaneo & Wong, 1990). Our knowledge
about the anatomy of Armina is sparse and so
far details are available for less than one third
of all nominal species. The anatomical descrip-
tions mainly concentrate on the digestive and
the genital system. Hardly anything is known
about the nervous, circulatory and the excre-
tory system of the animals. A few detailed
papers describing the anatomy of tropical
species were published by Marcus & Marcus
(1960, 1967) and Marcus (1971). Only Bergh
(1866-67, 1869, 1879, 1890) presented the
morphology and anatomy of some European
and tropical Armina species in considerable
detail, including three of the species studied
here—Armina maculata Rafinesque, 1814,
Armina tigrina Rafinesque, 1814 and Armina
loveni (Bergh, 1860). Since then further publi-
cations on these species have been by Pruvot-
Fol (1937,1954), Schmekel & Portmann (1982)
and Ballesteros (1981,1983). Garcia & Garcia-
Gomez (1988, 1990a, 1990b) presented some
anatomical details of A. maculata.
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356 A. KOLB

So far nothing has been published on the
histology of the organ systems of these animals.
The present paper concentrates on the
redescription of Armina neapolitana, Armina
tigrina, Armina maculata and Armina loveni
including the anatomy and histology of all the
organ systems. Those data may contribute to
a better understanding of these exotic nudi-
branchs and of the phytogeny of the
Arminidae.

MATERIAL AND METHODS

Specimens were fixed in 4% formaldehyde/seawater
after relaxation in magnesium chloride. Later they
were transferred to 70% ethanol for storage. One or
two specimens of each species were used for macro-
preparations. For the histological examinations of
the other specimens, the products of Kulzer Histo-
Technik (hydroxyethylmetacrylat) were used. The
histological sections (2.5 ujn thick) were stained with
toluidine blue. The buccal armature was examined
with a Hitachi S-450 scanning electron microscope.
Detailed information about the specimens is given in
Table 1.

RESULTS

Armina neapolitana (Delle Chiaje, 1824)

Synonymy:
Pleurophyllidia neapolitana Delle Chiaje, 1824
Pleurophyllidia imeolata Delle Chiaje, 1841
Pleurophyllidia vasconica Cuenot, 1914

External morphology:

The colour of the living animals is unknown. The
body is elongate, flattened and narrows towards the
posterior. Dorsal notal ridges (maximum of 16) are
indistinct in preserved animals (Fig. 1A, C, D). Black
pigment is visible through the epidermis. The oral
veil is distinct (Fig. 1 A) and behind it (only visible in
specimen No. 1) two club-shaped rhinophores are
present, each with 9 to 11 vertical lamellae (Fig. IB).
They contain the rhinophoral ganglia and nerves,
which are embedded in muscular and connective tis-
sue. Eyes are visible through the epidermis at the
outer base of each rhinophore. A strong retractor
muscle inserts just beneath. A triangularly shaped
caruncle lies in front of the rhinophores (Fig. ID),
with spots of black pigment. It consists of irregularly
arranged connective tissue fibres and does not con-
tain any nerves. The genital opening is on the right
side, typically just behind the branchial lamellae

Table 1. Length, location, date and preparation methods of specimens.

Species

Armina
neapolitana

Armina
maculata

Armina loveni
Armina tigrina

Specimen

No. 1

No. 2

No. 3

No. 1

No. 2

No. 3
(from the
MNHN
Paris)
No. 4

No. 1
No. 1
(from the
MNHN
Paris)
No. 2
(from the
BMNH
London)

Length
(mm)

20

22.5

31

27

35

37

63

37
30

53

Location

Banyuls-sur-mer,
depth 70 m
Banyuls-sur-mer,
depth 70 m
Banyuls-sur-mer,
depth 70 m
Banyuls-sur-mer,
depth 70 m
Banyuls-sur-mer,

unknown

Banyuls, depth
40-60 m
Irish Sea
French coast

Italy, Liguran Sea
depth 160 m

Date

June 1993

June 1993

June 1993

June 1993

May 1994

unknown

September 1978

July 1995
unknown

unknown

Preparation

macroprep., SEM

histology

histology

histology

macroprep., SEM,
genital complex for
histology
morphology

macroprep., SEM

macroprep., SEM
histology

macroprep. of genital
complex
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ANATOMY AND HISTOLOGY OF ARMINA 357

1 mm

5 mm

Figure 1. Armina neapolUana. A. Dorsal view. B. Rhinophores. C Ventral view. D. Lateral view. Abbrevia-
tions: an, anus; bl, branchial lamellae; ca, caruncle; ey, eye; gp, genital papilla; hi, hyponotal lamellae; mo,
mouth opening; p, penis; pgl, pedal gland; ri, rhinophores; ve, oral veil.
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358 A. KOLB

Flgnre 2. Armina neapolitana—Anatomy, A. Dorsal view after removal of the notum. B. Lateral view of oral
tube and pharynx with adjacent glands. C Dorsal view of the digestive tract without glandular parts of the
digestive gland. D. Radula teeth, a. rachidian tooth, b.-f. lateral teeth, g. marginal tooth. E. Jaws. Abbrevia-
tions: ago, anterior genital organs; cdgl, central canal of digestive gland; dgl, digestive gland; e, oesophagus;
g, gonad; ga, ganglia; in, intestine; mp, masticatory process; ogl, oral gland; ph, pharynx; sgl, salivary gland; st,
stomach; v, ventricle.
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ANATOMY AND HISTOLOGY OF ARMINA 359

(Fig. ID). The position of the anus varies between
individuals from the middle to posterior third of the
right side. The renal opening lies between the genital
aperture and the anus (Fig. ID).

On the ventral side of the notal brim, there are 18
to 32 branchial lamellae (primary and secondary)
present on each side (Fig. 1C). Figures 4D and 5A
show histological sections of the branchial lamellae.
The epithelium consists of cuboidal cells mainly with
basal nuclei. Spherical ciliated cells with a large
central nucleus (probably glandular cells) are located
in the distal part of the lamellae. The epihelium is
underlaid by a layer of connective tissue. Nine to 19
hyponotal lamellae are present on each side,
arranged transverse to the edge of the foot. Branches
of the digestive gland are partly visible through the
epithelium of the hyponotal lamellae. It is composed
of cuboidal cells. Cilia are not visible (Fig. 4B). The
digestive gland does not extend into the branchial
lamellae. The foot is distinct from the mantle edge.
The pedal gland (Fig. 1C) is white and located at the
posterior end of the foot sole. The gland is located
directly beneath the epidermis. It is composed of a
few layers of cells containing large nuclei and
numerous light-staining granules (Fig. 4E). Irregular
gaps and muscle fibres are interspersed between the
glandular cells.

Marginal sacs are only distinguishable in the
histological sections. They are spherical and located
on the lateral notal edge of the mantle brim. Only
immature stages could be found. They contain
irregularly arranged cells. Some of these have large
nuclei, others contain only a single droplet of violet
secretion. Other secretions are not visible (see
marginal sacs of Armina loveni).

The epidermis is formed by a highly vacuolized
epithelium consisting of prismatic cells with a basal
nucleus. The vacuoles do not stain with toluidine
blue ('Spezialvakuolenzellen' Schmekel, 1982). In
certain areas, especially around the oral tube, the
epidermis is heavily ciliated. Subepidermal glandular
cells are also present here. Glandular cells are scat-
tered throughout the dorsal and ventral epidermis
and are absent in the lateral epithelium.

Anatomy

Digestive system: The oral tube is short and lined by a
prismatic epithelium in its ventral part, similar to the
epidermis. The dorsal epithelium is heavily folded
and lined by a thin layer of cuticle. Small, densely cil-
iated ducts of the oral glands enter the oral tube with
a common duct in the middle of its ventral side
(Fig. 2B). The oral glands are composed of white to
yellowish follicles, which stain light purple with
toluidine blue. They are located at the sides and
especially beneath the pharynx. In the follicles of the
oral glands two different types of glandular cells are
present: one type contains a large basally lying
nucleus and many non-staining vesicles of different
sizes (Fig. 4Cb); the other type contains one large
grey vesicle and generally a few small ones. A
nucleus is not visible. The muscular buccal mass is

large, 4.25 X 3.3 mm (Fig. 2B). The jaws are large
and heavily cuticularized, with a thickened mastica-
tory border and a denticulated masticatory process
(Fig. 2E). The radula is multiseriate, with the formula
48 X 45.1.1.1.45. The rachidian tooth is broad
(breadth 100 nm) with 6-7 denticles on either side of
a median cusp (Fig. 2Da). The first lateral is hook-
shaped with approximately 3 sharp denticles on the
outer side (Fig. 7B, C). Succeeding laterals are elon-
gate and fork-like with 4-7 long cusps (Fig. 2Db-f;
7A, D). The outermost lateral is narrow and smooth
with a single blade (Fig. 2Dg).
The salivary glands are large and orange, consisting
of numerous tube-like multicellular follicles. The
cells of the follicles contain a nucleus at the base and
spherical blue-staining granules (Fig. 4Ca). The
structure of the follicles is not always homogenous,
some cells also contain non-staining vesicles similar
to the first type of cells of the oral glands. The sali-
vary glands cover the buccal bulb and part of the
oesophagus (Fig. 2A). The non-ciliated efferent
ducts of the salivary glands enter the pharynx
dorsally in front of the opening to the oesophagus.
The oesophagus is tube-like, leading through the
nerve ring towards the stomach. The epithelium
between the pharynx and oesophagus is highly folded
and lined with a cuticle. The oesophageal epithelium
consists of ciliated columnar cells. The stomach is
lined by cuboidal cells with large, basally-lying
nuclei. In some parts the cells are elongate, becoming
cylindrical in shape. Cilia are not visible. Two ducts
from the digestive gland enter the stomach (Fig. 2A,
C). The first (right digestive gland) opens on the right
side anterior to the intestine. The second (left ante-
rior digestive gland) leads from the left side across
the opening of the intestine. The transition between
the stomach and the posterior left part of the diges-
tive gland is continuous, the latter forming a central
canal of 16 mm length. Its epithelial lining is similar
to that of the stomach. In the posterior part of the
central canal ciliated cylindrical cells are present. The
lateral tubes of the digestive gland open to the sides
of the central canal, 6 to the right side and 5 to the
left. All lateral tubes ramify into branches, consisting
of small follicles. The cells of the follicles contain
many vacuoles and granules. At least two different
cells types can be distinguished: 1. Cylindrical cells
with basal nuclei partly containing blue-staining
vacuoles or vacuoles without secretions. These cells
are located at the distal edges of the follicles. 2. Cells
with a nucleus which contains a visible nucleolus.
Vacuoles are not present. This truly digestive part of
the gland is located only in the lateral parts of the
body within the notal tissue (Fig. 4A) and in the
hyponotal lamellae. The intestine is tube-like, with a
dorsal typhlosole, running posteriorly past the repro-
ductive system, along the ventral side of the anterior
gonad. It is lined by an epithelium consisting of cylin-
drical ciliated cells.

Nervous system: Cerebropleural ganglia (0.8 X 0.5
mm) are located on the dorsal side of the pharynx at
the anterior end of the oesophagus (Fig. 2A). They
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B 1 mm

Figure 3. Armina neapolitana— Anatomy. A. Nervous system. B. Anterior genital complex in-silu. C
Schematic outline of genital complex. Abbreviations: am, ampulla; ar, allosperm receptacle; bg, buccal
ganglion; cgl, capsule gland; cpg, cerebropleural ganglion; dmgl, distal mucus gland; dov, distal oviduct; ey, eye;
geg, gastro-oesophageal ganglion; hd, hermaphrodite duct; mgl, mucus gland; p, penis; pc, pedal commissure;
pg, pedal ganglion; pmgl, proximal mucus gland; pov, proximal oviduct; pr, prostate; rig, rhinophoral ganglion;
sta, statocyst; va, vagina; vd, vas deferens; vl, visceral loop.
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ANATOMY AND HISTOLOGY OF ARM1NA 361

are surrounded by a thick layer of connective tissue
and contain nerve cells of different sizes (as all other
ganglia do, too). The nerve cells are located mainly in
the periphery of the ganglia. The pedal ganglia are
spherical (0.57 X 0.55 mm) and lie close to the outer
sides of the cerebropleural ganglia. There are two
connectives between the pedal and cerebropleural
ganglia. A long visceral loop with the visceral nerve
originates on the right side. The pedal commisure,
visceral loop and probably also the parapedal
commissure run in a common connective sheath, and
therefore the parapedal commissure is not visible.
There is a single connective between the cerebro-
pleural and buccal ganglia. The latter (0.5 X 0.6 mm)
lie underneath the oesophagus just behind its open-
ing into the pharynx. The gastro-oesophageal ganglia
are small, lying anteriorly to the buccal ganglia upon
the pharynx. The rhinophoral ganglia are located at
the base of the rhinophores. The eyes lie close to the
base of the rhinophoral ganglia but are not inner-
vated by them. The eyes are formed by a nearly
spherical lens with a diameter of approximately 40
(j.m and a layer of black pigment. No optical ganglia
are visible. The statocyst is spherical to elliptical and
located close to the cerebropleural-pedal connective.
It is lined by an epithelium with large ciliated cells
containing granules. Few small statocones of differ-
ent sizes are also present (Fig. 5C).

The following innervation areas could be identified
(see Fig. 3A): R: rhinophores; Cl: oral tube; C2:
right/left margin of oral veil; Pll: a: dorsal notum; b:
caudal body region; PI: frontal part of foot; P2: lat-
eral part of foot; P3: caudal part of foot; Bl: pharynx;
B2: pharynx B3*: radula sheath

Reproductive system: The gonad is compact, large,
and subdivided into several follicular bundles, lying
on top of the central canal of the digestive gland (Fig.
2A). The follicles contain oogonia and spermatogo-
nia, the latter are located in the centre of a follicle,
the oogonia in the periphery (Fig. 6C). A ciliated
hermaphrodite duct runs along the ventral side of the
gonad, leading anteriorly towards a tube-Like, coiled
ampulla (Fig. 3B), which is lined by a flat epitelium
partly containing large vacuoles. The ampulla is filled
with autosperm. In its distal part the epithelial cells
are elongate and the nuclei become visible. Some
cells are ciliated. The ampulla contains more sperm
in this region. A heavily ciliated postampullary duct
lies within the mass of the mucus gland. The duct is
surrounded by a thick muscular layer and divides
into the vas deferens and the proximal oviduct. The
vas deferens has few coils, and runs towards the right
side of the genital complex, entering the penial
sheath dorsally. The proximal vas deferens consists
of ciliated cuboidal cells containing large nuclei. It is
filled with sperm. A prostate is present (Fig. 6B). It is
coiled and consists of blue-staining (toluidine blue)
cylindrical glandular cells which alternate with cili-
ated supporting cells. The penis is muscular and
unarmed. The proximal oviduct is very short and

*. nerve u not symmetrical

lined by cylindrical cells with long cilia containing
few vacuoles and a basal nucleus. It enters the white
capsule gland, which has narrow coils and is smaller
than the mucus gland. The cells of the capsule gland
stain blue. They are elongated, cylindrical. The
glandular cells contain dark blue granules and a basal
nucleus. They alternate with slender, ciliated
supporting cells which contain an apical nucleus. The
mucus gland is very large, yellowish in colour, with
large coils. Histologically it can be divided into two
parts: the proximal mucus gland and the distal mucus
gland. The cells of the proximal mucus gland are pink
with heterogeneous contents and heavily ciliated.
The glandular cells alternate with supporting cells.
The distal mucus gland shows different parts repre-
senting different functions (according to Schmekel
1971): a) light blue-staining cells with pygnotic nuclei
representing 'old' areas of the gland (the secretions
of the cells are emptied out); b) long, slender cells
with dark violet vesicles, cilia are not visible; these
are 'active' zones of the gland; c) pink cells, partly
filled with vesicles, partly no granules visible, instead
the secretions form irregular fibers; this is the
'Kleberegion' (Schmekel 1971: 134). The allosperm
receptacle is spherical, lying at the right side of the
genital complex. It is composed of a thick, folded
epithelium consisting of cuboidal to cylindrical cells.
Nuclei are hardly visible. It is packed with sperm,
which are found in two different arrangements: in the
periphery the heads of the sperm are directed
towards or even embedded in the epithelial cells. In
the centre lies a mass of irregularly arranged sperm
(Fig. 6D). The receptacle opens via a long vagina into
the genital papilla. A schematic outline of the distal
genital system is shown in Fig. 3C.

Heart and circulatory system: The pericardium was
damaged during preparation. It is composed of a very
thin epithelium. Cells are hardly visible, only the
nuclei are distinct. The atrium consists of a thin, deli-
cate muscular tissue, lying to the left of the muscular
ventricle. The latter is located in the anterior region
of the gonad and partly covers it (Fig. 2A). The main
aorta proceeds from the ventricle in a ventral direc-
tion.
Excretory system: The kidney covers the gonad. It is
composed of a delicate tissue consisting of highly
vacuolized cells and blue-staining granules. Cells
with larger nuclei and a distinct nucleolus are inter-
spersed. The renopericardial duct is lined with
cuboidal cells bearing long cilia. Some cells contain a
vacuole and few small, blue-staining vesicles.

Discussion

Morphology: Previous morphological descriptions of
Armina neapolitana are very uniform. The colour of
the living animal is described as yellow to light
brownish with white ridges on the notum and a pale
grey background by Pruvot-Fol (1937) and Schmekel
& Portmann (1982). Pruvot-Fol (1937) interprets the
small elevation on which the rhinophores are stand-
ing as the caruncle. This does not correspond to
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C 10 um

0 10 urn

Figure 4. Armina neapolilana—Histology. A. Schematic drawing of cross section of animal in region of ante-
rior genital complex. B. Cross section of hyponotal lamellae. C Follicles of salivary gland (a) and oral gland
(b). D. Section of branchial lamellae. E. Cross section of pedal gland, arrow: direction of foot epithelium.
Abbreviations: am, ampulla; cdgl, central canal of digestive gland; cgl, capsule gland; ct, connective tissue; dgl,
digestive gland; g, gonad; glc, gland cell; hd, hermaphrodite duct; in, intestine; ki, kidney; mgl, mucus gland;
nu, nucleus; pe, pericardium; v, ventricle; vs, vesicle; x, cell type 1; y, cell type 2.
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ANATOMY AND HISTOLOGY OF ARMINA 363

Figure 5. Armina neapolitana—Histology. A- Cross section of lateral notum with branchial lamellae (arrow);
scale bar = 200 p.m. B. Cross section of ganglia with statocyst (arrow); scale bar = 50 \i.m, C Cross section of
eye (arrow); scale bar = 25 \tm. Abbreviations: cpg, cerebropleural ganglion; dgl, digestive gland; pg, pedal
ganglion.
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Bergh's (1866) original description, nor to the results
of this study. Here the caruncle is always found in
front of the rhinophores. But one must take into
account that the shape of the caruncle may be
influenced by fixation and therefore is not valuable
for distinguishing species.

Anatomy: The shape of the radula teeth is species-
specific in Armina. Schmekel & Portmann (1982)
mention 0-7 small denticles on the outside of the
marginal tooth of A. neapolitana, but the marginal
teeth of the animal studied here are smooth. Pruvot-
Fol (1937) presents a detailed description of the
digestive system of Armina neapolitana. The author
mentions a conically shaped glandular region of the
posterior central canal of the digestive gland. This
could not be verified by anatomical nor by histo-
logical means. Histologically, the epithelium of the
posterior section of the central canal differs from the
rest only in terms of shape and ciliation of the cells.
No glandular cells were found. According to Pruvot-
Fol (1937), the arrangement of the branches of the
digestive gland is very dense. This is not consistent
with the findings of this study, either. Especially in
comparison to A. maculata and A. tigrina, the folli-
cles of the digestive gland of A. neapolitana seem
packed rather loosely. The author also mentions
branches of the digestive gland reaching into the
branchial lamellae. As Hoffmann (1940) has already
discussed, this cannot be confirmed. The results of
this study confirm Bergh's findings regarding the
presence of one pair of salivary glands and one pair
of oral glands, the latter not detected by Pruvot-Fol
(1937).

Pruvot-Fol (1937) assigned PUurophyllidia
undulata Bergh, 1866 to Armina neapolitana. But
according to Bergh's drawings, especially of the
radula teeth, this synonymy must be re-evaluated for
the shape of the radula teeth indicates a synonymy
with Armina tigrina.

In the following species only differences in the
morphology, anatomy and histology from Armina
neapolitana are described.

Armina maculata Rafinesque, 1814

Synonymy:
Diphyllidia ocellata Deshayes, 1830
Diphyllidia verrucosa Cantraine, 1835
Diphyllidia pustulosa Schultz in Philippi, 1836
PUurophyllidia verrucosa Bergh, 1866 (non
Cantraine)
Pleurophyllidia ocellata Bergh, 1866 (non
Deshayes).
Pleurophyllidia pustulosa Bergh, 1866 (non
Schultz-Philippi)

External morphology:

In contrast to Armina neapolitana, no notal ridges
but irregularly arranged pustules occur on the notum.
The living animals have white pustules; the ground
colour of the mantle is orange; the foot white. Size

and shape of the pustules vary in the preserved
specimens according to their position on the notum.
Spherical to conical pustules of different sizes are
found in the frontal part (Fig. 8A); the number of
these pustules decreases towards the medial part of
the body and increases again in the posterior part.
Large and conical pustules are missing in the poste-
rior part (Fig. 8B). The oral veil is not distinct, but
appears as a slender bulge. The rhinophores (only
visible in specimen No. 1) are similar in shape to A.
neapolitana, short, club-shaped, but the tip of the
rhinophore is more rounded than in A. neapolitana.
The left rhinophore bears ten vertical lamellae, the
right nine ones. At the lateral sides a few spots of
black pigment are present. The caruncle is indistinct
and not easily distinguishable from the oral veil in
the preserved specimens.

The position of the genital opening, the nephro-
porus and the anus are the same as described in A.
neapolitana (Fig. 8E). The number and arrangement
of the branchial lamellae are different from the
former species: the number of the primary and
secondary lamellae is up to 61-80 on each side; the
number of the transversely arranged hyponotal
lamellae is also higher; 25-34 lamellae were counted
in a juvenile animal, up to over 100 hyponotal lamel-
lae per side in an adult specimen from the MNH
Paris (Fig. 8E).

The foot narrows towards the posterior end where
a white pedal gland is visible (Fig. 8C). On the histo-
logical sections a few marginal sacs were found in the
lateral notal margin. Some of them represent
prestages (Fig. 12A). Mature sacs are lined by pave-
ment cells containing large nuclei. The lumen is filled
with large masses of violet-staining (toluidine blue)
secretions. The sacs do not have a connection to the
digestive gland. Some ejected sacs are visible. These
have a collapsed and contracted epithelium. Here no
secretions are visible (Fig. 12B).

The epidermis of Armina maculata is composed of
'Spezialvakuolenzellen' (Schmekel 1982), but more
glandular cells occur around the oral tube and along
the foot than in A. neapolitana. Around the oral tube
and the oral veil the epidermal cells are heavily
ciliated.

Anatomy

Digestive system: The oral tube is shorter than in
Armina neapolitana. Two types of subepidermal
glandular cells can be distinguished around the oral
tube: a) large cells containing light pink-staining
cytoplasm and a dark, centrally lying nucleus; b)
smaller cells with blue to violet cytoplasm, containing
light granules. The position and shape of the oral
glands (Fig. 9B) is the same as described for A.
neapolitana. The pharynx is 14 mm in length and 9
mm in breadth (9 mm x 8 mm in smaller individual).
The jaws are very large and strong, with a hook-like
masticatory process bearing few rows of denticula-
tions (Fig. 9E, 13C, D). The masticatory borders are also
denticulated The radula formula are 46 X 39.1.1.139
(63 mm specimen) and 38 x 34.1.1.1.34 (35 mm
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ANATOMY AND HISTOLOGY OF ARMINA 365

Figure 6. Armina neapolilana—Histology of genital complex. A. Cross section through female glands; scale
bar = 50 u,m. B. Prostate; scale bar = 50 (im. C Gonad; scale bar = 100 jim. D. Allosperm receptacle; scale
bar = 100 (xm. Abbreviations: am, ampulla; ar, allospenn receptacle; cgl, capsule gland; dov, distal oviduct; oc,
oocytes; pmgl, proximal mucus gland.
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ANATOMY AND HISTOLOGY OF ARMINA 367

Figure 7. Armina neapolitana—SEM-photographs. A. Lateral teeth; scale bar = 50 \tsa. B. Rachidian teeth
and few laterals; scale bar = 50 pjn. C Rachidian tooth; scale bar = 25 ujn. D. Lateral tooth; scale bar = 5 jim.
Abbreviations: 1, lateral tooth; r, rachidian tooth.

o
R 2 mm

5 mm

Figure 8. Armina maculata. A. Notal pustules from anterior body region. B. Notal pustules from lateral body
region. C Ventral view (No. 4). D. Rhinophores. E. Lateral view (No. 3). Abbreviations: an, anus; bl, branchial
lamellae; gp, genital papilla; hi, hyponotal lamellae; mo, mouth opening; pgl, pedal gland; ve, oral veil.
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A 10 mm

2 mm

Figure 9. Armina maadata—Anatomy. A. Dorsal view after removal of notum, pericardium, heart and gonad.
b. Digestive system without glandular part of digestive gland. C Radula teeth (63 mm specimen), a. Rachidian
tooth, b-d. laterals 1-3, e. marginal tooth. D. Rachidian tooth and first lateral (35 mm specimen). E. Jaws.
Abbreviations: ago, anterior genital complex; cdgl, central canal of digestive gland; dgl, digestive gland; e,
oesophagus; ga, ganglia; in, intestine; mp, masticatory process; ogl, oral gland; ph, pharynx; sgl, salivary gland;
st, stomach.
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specimen). The rachidian tooth is very broad
(280 u,m) and bears 5-6 denticles on both sides of
median cusp (Fig. 9Ca, 13A), the latter being shorter
than that of Armina neapolitana. The first lateral
tooth has a broad base and is denticulated on the
outer side (Fig. 9D) in the 35 mm individual. The
remaining laterals are smooth (Fig. 13B). The outer-
most lateral (Fig. 9Ce) is very slender in contrast to
the others. The salivary glands are similar to those
described for Armina neapolitana (Fig. 9B). They are
very large, covering the whole posterior part of the
pharynx and oesophagus (Fig. 9B). The oesophagus
originates at the posterior part of the pharynx,
enlarging soon to a small stomach. The epithelium of
the stomach is thinner than that of the oesophagus
and contains more vacuoles. Some of these are filled
with blue secretions. The digestive gland and the
intestine have the same position as in Armina
neapolitana (Fig. 9A). The intestine shows a
typhlosole on the dorsal side on 2/3 of its length. The
central canal of the posterior left digestive gland is
broad at its origin, narrowing towards the caudal part
of the animal (Fig. 9B). Four lateral tubes originate
at the right side of the central canal, six at the left
The glandular part of the digestive gland is restricted
to the lateral parts of the body. The follicles of the
digestive gland appear very compact in contrast to
the former species. In addition to the two cell types
described in Armina neapolitana, a third cell type was
identified in the follicles: small cells with small dark
vacuoles.

Nervous system: The position of the ganglia on the
dorsal side of the pharynx is the same as in Armina
neapolitana. The cerebropleural ganglia are 1.5 mm in
length and 0.9 mm in breadth and lie close together
(Fig. 10A). The pedal ganglia he at the sides of the
cerebropleural ganglia. They are smaller and almost
spherical (1.2 x 0.9 mm). A long pedal commissure is
present. The parapedal commissure is probably
hidden in the connective tissue. The buccal ganglia are
ovoid sriaped and have approximately the same size as
the pedal ganglia. Two small gastro-oesophageal
ganglia lie next to the buccal ganglia. No visceral loop
could be identified. But in the larger animal one small
ganglion was found directly underneath nerve Pll
(originating from the right pleural ganglion), and this
ganglion is assumed to be the visceral ganglion (not
shown in Fig. 10A). The rhinophoral ganglia, the eye
and the statocyst have the same position as in A.
neapolitana. Fig. 10A shows a general outline of the
nervous system with the identified nerves and their
innervation: R: rhinophores; Cl + C2: running along
the pharynx towards the oral tube and veil; C3: oral
veil; Pll: lateral margin of mantle; PI: frontal part of
foot; P2: lateral part of foot; P3: foot; Bl: pharynx;
B3*:radula sheath.

Reproductive system: The position and shape of the
genital complex are similar to Armina neapolitana
(Fig. 10B). One juvenile and one adult specimen

*: nerve a not lymmetricaJ

were examined by histological means. The differenti-
ation of all male and female parts of the genital sys-
tem is not yet complete in the juvenile; only the
ampulla, the oviduct, the vas deferens and the female
glands are distinguishable. No differentiation of the
female gland mass in capsule gland and mucus gland
is visible. The gonad is very small. Only small follicles
are present, containing oogonia, spermatogonia and
immature gametes. A schematic outline of the genital
system of the adult specimen is shown in Fig. IOC.
The gonad is very large (length: 30 mm), compact,
and consists of numerous follicles. It is located on top
of the central canal of the digestive gland. The
hermaphrodite duct widens to a long, heavily coiled,
tube-like ampulla. The latter runs far into the mass of
the female glands. It contains only few sperm. Its lin-
ing epithelium is composed of cylindrical cells with
large nuclei. The cells are always ciliated. Each cell
contains few vacuoles, their number decreasing in the
distal part of the ampulla in proximity to the postam-
pullary duct. The latter is hardly distinguishable from
the ampulla for the ampulla narrows only a little at
this point. The duct divides into the proximal oviduct
and the vas deferens at the inner anterior edge of the
capsule gland. The vas deferens is long, and leads
into the prostate close to the genital opening. The
prostate can be distinguished from the vas deferens
only by histological means. Its epithelium is folded
(Fig. 11C) and dark violet-staining. Within the penial
sheath lies the distal vas deferens, which is lined by
light blue-staining, cylindrical cells bearing long cilia.

The proximal oviduct is very short, leading into the
tissue of the capsule gland. The latter is smaller than
the mucus gland and has narrow coils. The epithelial
cells of the latter are slender, cylindrical, dark blue in
colour and contain numerous granules of the same
colour (Fig. 11B). Nuclei are hardly visible. The cap-
sule gland does not show a direct connection to the
mucus gland, but discharges into the distal oviduct,
which connects to the proximal and distal mucus
gland. In the proximal part of the mucus gland the
cells do not contain granules or vesicles and appear
white (Fig. 11 A). The cells bear long cilia. More dis-
tally, the cells are similar in shape and colour to those
described for the distal mucus gland in Armina
neapolitana. The distal mucus gland is large and
cream white in colour. The distal oviduct is very long
and embedded in coils of the mucus gland. It is lined
by cuboidal cells with long cilia. The allosperm recep-
tacle is located on the right side of the genital com-
plex. In the adult specimen it does not contain any
sperm, so the animal had probably not yet copulated
before collection. The lining epithelium of the
allosperm receptacle is folded. The cuboidal cells do
not bear any cilia and do not contain vacuoles. The
vagina originates as a broad tube at the posterior end
of the receptacle. It is lined by a heavily folded
epithelium consisting of cuboidal cells bearing long
cilia. It is also surrounded by a muscle layer and con-
nective tissue.

Heart and circulatory system: The position of the
ventricle and the atrium are the same as in the
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B 5 mm

Figure 10. Armina maculata—Anatomy. A. Nervous system. B. Anterior genital complex in situ. C Schematic
outline of genital complex. Abbreviations: am, ampulla; ar, allosperm receptacle; bg, buccal ganglion; cgl, cap-
sule gland; cpg, cerebropleural ganglion; dmgl, distal mucus gland; dov, distal oviduct; ey, eye; geg, gas-
troeosophageal ganglion; hd, hermaphrodite duct; mgl, mucus gland; p, penis; pc, pedal commissure; pg, pedal
ganglion; pmgl, proximal mucus gland; pov, proximal oviduct; pr, prostate; rig, rhinophoral ganghon; sta, stato-
cyst; va, vagina; vd, vas deferens.
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Figure 11. A.-C. Armina maculata. D. Armina loveni. A. Cross section of female glands; scale bar = 50 (im. B.
Cross section of female glands; scale bar = 100 (im. C Cross section of prostate; scale bar = 100 p.m. D. Cross
section of marginal sac (arrow: secretions); scale bar = 100 (im. Abbreviations: cgl, capsule gland; dov, distal
oviduct; pmgl, proximal mucus gland; pr, prostate.

D
ow

nloaded from
 https://academ

ic.oup.com
/m

ollus/article/64/3/355/1012614 by guest on 24 April 2024



372 A.KOLB

former species. The ventricle is partly covered by the
atrium. The main aorta originates from the ventricle
and runs ventrally in between the gonad and the
intestine in direction of the anterior genital complex.
The posterior artery lies on top of the gonad, sending
branches to each side of the gonad and to the
surrounding kidney tissue.

Excretory system: The syrinx consists of strong and
folded tissue. The kidney covers the large gonad like
a sac as described in Armina neapolitana. Further
caudally, the ureter leads from the lateral kidney
tissue through the follicles of the digestive gland to
the right side of the body.

DISCUSSION

Anatomy: The digestive system, illustrated by Balles-
teros (1983) is generally consistent with the one
described in this study. But it is remarkable that the
author does not mention any oral glands, since these
are very voluminous organs in A. maculata. Garcia &
Garcia-Gomez (1990a) have described oral glands in
A. maculata previously. Their anatomical findings
about the postion of the glands and the efferent ducts
can be confirmed. The description of the radula of A
maculata is very uniform. Nevertheless, the aberrant
smooth first lateral tooth, described for one specimen

here, differs from other descriptions by Bergh
(1866-67) and Thompson et al. (1990). According to
those authors, the first lateral tooth is always slightly
denticulated. Pruvot-Fol (1937), in contrast, writes
that the laterals can also be smooth, but it is unclear
whether this also applies to the first lateral.

Bergh's (1866-67) anatomical figures of A. macu-
lata correspond to a great extent with the results of
my examinations. Differences occur in the descrip-
tion of the circulatory system. The author interprets
a blood vessel, described here in accordance with
Garcia & Garcia-Gomez (1990b) as the posterior
artery on the dorsal side of the gonad as an
'Urinkammeret' (bladder). Bergh misinterprets the
vessels, originating from the sides of the artery, as
openings into the kidney tissue ('. . . Aabninger ud i
Nyrevaevet'). According to Garcia & Garcia-Gomez
(1990b) the kidney ('renal chamber') of A. maculata
is a continuous canal running on the ventral side of
the gonad and being connected to the posterior
artery by lateral vessels. This contradicts the results
presented here. Garcia & Garcia-Gomez (1988)
thoroughly investigated the nervous system of A.
maculata. A few differences of their findings from my
studies need to be mentioned: I have not found a
nerve rising from the rhinophoral nerve and inner-
vating the caruncle. The genital ganglion, mentioned
by the authors, has not been found in the present
examination, either. Moreover, the position of the

Figure 12. Armina maculata. A. Prestage of marginal sac (arrow); scale bar = 100 \im. B. Empty marginal sacs,
collapsed (arrow); scale bar = 100 u.m.
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ANATOMY AND HISTOLOGY OF ARMINA 373

Figure 13. Armina maculata—SEM-photographs. A. Rachidian teeth and first laterals; scale bar = 50 \x.m. B.
Lateral teeth; scale bar = 100 (im. C Masticatory process; scale bar = 100 (im. D. Denticles on masticatory
process; scale bar = 25 jim. Abbreviations: 1, lateral tooth; r, rachidian tooth.
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Figure 14. Armina loveni. A. Dorsal view. B. Dorsal view of rhinophores. C Mantle brim with marginal sacs.
D. Genital papilla. E. Ventral view. F. Lateral view. Abbreviations: an, anus; bl, branchial lamellae; dgl, diges-
tive gland; gp, genital papilla; hi, hyponotal lamellae; mgl, mucus gland; ms, marginal sac; p, penis; pgl, pedal
gland; ri, rhinophores; va, vaginal; ve, oral veil.
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eye is described here next to the rhinophoral
ganglion, not on the right anterior corner of the
cerebopleural ganglion, giving a sessile impression.
The distal genital complex is described by Ballesteros
(1983) rather superficially. The in situ drawings
shown in Fig. 4J and 4K are incomplete and not
precise. According to the author the whole posterior
part of the female gland belongs to the capsule gland.
In the present study the capsule gland is described
only as a small section of the female gland, while the
mucus gland fills the bulk part of it. The author does
not report of a prostate gland either. Histologically,
however, this structure could be distinguished from
the non glandular part of the vas deferens.

Armina loveni (Bergh, 1866)

Synonymy:
Pleurophyllidia loveni Bergh, 1860, nomen nudum
PUurophyllidia loveni Bergh, 1866
Pleurophyllidia lineata 'Otto, 1820' Bergh, 1866
(misidentification, not Diphyllidia lineata Otto,
1820)
Pleurophyllidia henneguyi Labbe\ 1922

External morphology:

The body is elongate and the notum smooth as in
Armina neapolitana, showing 23 notal ridges, broad
and narrow ridges alternate (Fig. 14A). Black
pigment is visible between the ridges, as well as all
over the body, even on the branchjal and hyponotal
lamellae (Fig. 14E, F). The oral veil is small. A carun-
cle is hardly distinguishable. Small bulges in front of
the rhinophores were interpreted as a rest of the
caruncle. The rhinophores are partly drawn back into
the body. Fig. 14B shows the rhinophores looking
down from above. The number of the lamellae varies
from ten to eleven per rhinophore. The genital
papilla is located just behind the gill on the right side
of the body. Fig. 14D shows a detail of the papilla
with three separated openings (oviduct, vagina and
penis). A long, digitiform penis protrudes from the
papilla. The anal papilla lies approximately in a
median position on the right side. A nephropore is
not visible.

The subnotal lamellae are partly damaged in the
preserved specimen. 19 branchial lamellae are found
on the left side and 26 on the right side. The hypo-
notal lamellae number 15 on the left and 25 on the
right (Fig. 14E). At the lateral mantle margin a dis-
tinct white fringe is visible. Here, on both sides, in the
anterior part of the body, bubble-like swellings are
present (Fig. 14C). These are called marginal sacs
here in accordance with Baba (1992). They are lined
by a thin epithelium with pavement cells (Fig. 11D).
Dorsally, in proximity to the opening of the marginal
sac elliptical cells with a central nucleus are visible. In
the lumen of the sacs sometimes spherical cells
containing a large nucleus and few vesicles can be

found. These cells are probably glandular. The sacs
contain heterogeneous, thick, irregularly shaped,
violet-staining secretions. They do not show a con-
nection to the digestive gland. The foot is narrow and
long in comparison to the other redescribed species.
A white pedal gland is visible just in front of the
caudal end of the foot.

Anatomy

Digestive system: The oral tube is elongate. Two
lip-like structures surround the mouth opening at its
anterior end. The oral glands are of the same colour
as the salivary glands and therefore not as easy to
distinguish as in Armina neapolitana and A. macu-
lata. The position and shape of the oral glands and
efferent ducts are the same as in the former two
species. The pharynx (Fig. 15A) is muscular and
elongate. The extension of pharynx and oral tube
together is 6.6 mm in length. The breadth of the
pharynx is 2.6 mm. The jaws are strong, with a dentic-
ulated masticatory border and a long masticatory
process (Fig. 15D), each process bearing 5 to 6 rows
of denticles (Fig. 17TJ). The radula has the formula
35 X 27.1.1.1.27. The rachidian tooth (140 jim broad)
has 5 denticles on each side of the median cusp. The
innermost denticle (Fig. 15Ea, 17A) lies very close to
the median cusp. The first lateral is short, and dentic-
ulated on the outer side of the cusp (Fig. 15Eb). The
following seven laterals also bear denticles. The
eighth lateral has very small denticles, whereas the
remaining teeth are smooth (Fig. 15Ee-g, 17B). The
marginal tooth is small (Fig. 15Eh).

The salivary glands form compact masses; their
position is the same as in A. neapolitana and A.
maculata (Fig. 15B).The transition of the slender
oesophagus to the stomach is continuous. The posi-
tion of the digestive gland does not differ from the
former species (Fig. 15B, C). The central canal is
indistinct from the stomach. The canal is very long
(22.4 mm). Nine lateral tubes emerge from the cen-
tral canal on the right side, seven on the left. Glandu-
lar follicles of the digestive gland are densely packed
in the lateral part of the body and within the notal
tissue.

Nervous system: The nervous system of Armina
loveni is very similar to that of A. neapolitana and A.
maculata; an outline is shown in Fig. 16A. But the
sizes of the ganglia differ from the former species:
The cerebropleural ganglia have a size of 0.8 X 0.7
mm. The visceral loop is long, a visceral nerve
emerges on the right side. The pedal ganglia are 0.8
X 0.6 mm and connected by a long pedal commis-
sure. The parapedal commissure is not visible. The
statocyst is spherical and lies between each cerebro-
pleural and pedal ganglion. The buccal ganglia are
ovoid in shape, lying underneath the oesophagus.
Small gastro-oesophageal ganglia are present close to
them. The eyes are found next to the rhinophoral
ganglia but further towards the anterior end of the
rhinophoral ganglion than in A. neapolitana and A.
maculata. Following nerves and their innervation
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* fl

Figure 15. Armina loveni—Anatomy. A. Pharynx and oral tube. B. Dorsal view after removal of notum and
gonad. C Digestive system without glandular parts. D. Jaws. E. Radula teeth, a- Rachidian tooth, bv-d. Later-
als 1-3, e-g. Laterals 8-10, h. Marginal tooth. Abbreviations: ago, anterior genital complex; cdgl, central canal
of digestive gland; dgl, digestive gland; e, oesophagus; ga, ganglia; in, intestine; mp, masticatory process;
ogl, oral gland; ph, pharynx; sgl, salivary gland; st, stomach.
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areas were identified: R: rhinophores; Cl: oral veil;
C2: oral tube; C3: oral tube; Pll: lateral margin of
notum; PI: frontaJ part of foot; P2: lateral part of
foot; P3: caudal part of foot; Bl: pharynx; B2: phar-
ynx; B3*: radula sheath

Reproductive system: The reproductive system of
Armina loveni is similar to that of A. neapolitana and
A. maculata. The gonad is compact and 16.5 mm in
length. The ampulla is tube-like, coiled, first lying
next to the allosperm receptacle, later running in
between the female glandular mass (Fig. 16B). The
transition of the ampulla to the postampullary duct
occurs in proximity of the genital opening. The vas
deferens immediately widens to a coiled prostate.
The latter enters the penial sheath on its dorsal side.
The penis is digitiform.

The short proximal oviduct widens before dis-
charging into the female glands near the genital
opening. The female glands are large and with the
same, relative positions, as in the former species.
Anatomically the proximal and distal parts of the
mucus gland could not be distinguished. The distal
oviduct leads into the genital papilla on the right side
of the capsule gland, just underneath the vagina. The
allosperm receptacle is spherical and filled with
sperm, the vagina slender and long. A schematic
outline of the distal genital complex is shown in
Fig. 16C.

Heart and circulatory system: As described in Armina
maculata.

Excretory system: The position and shape of the
kidney are similar to Armina neapolitana and A.
maculata.

DISCUSSION

Morphology: Little is known about the morphology
and anatomy of this species. It was first described by
Bergh in 1866, but his drawings (Plate II, Figs. 1-24)
are restricted to the external morphology, the radula,
the jaws and a few anatomical details. The drawing of
the ventral side of a specimen shows the arrangement
of the hyponotal lamellae rather imprecisely. It
seems as if they are running parallel to the lateral
mantle edge, which is contradictory to the results of
this study where the hyponotal lamellae have a trans-
verse arrangement. According to Pruvot-Fol (1954),
the hyponotal lamellae are arranged very close
together. This also does not correspond to the results
presented in this paper. The marginal sacs, described
in this paper, have been previously reported by
Bergh (1879). According to Thompson & Brown
(1984), numerous 'defensive glands' occur on the
lateral mantle edge. In the present study, only a few
sacs were found in the anterior part of the mantle
edge. Those lying in the posterior part had probably
been ejected.

•: oerve is not symctridl.

Anatomy. Bergh's (1866-67) drawings of the radula
and the jaws are highly consistent with the findings in
this examination, but I found fewer denticles on the
rachidian tooth. Pruvot-Fol (1954) described the
rachidian tooth as hardly differentiated from the lat-
erals but this does not correspond to my findings.

Bergh (1866-67, 1879) reported a gonad divided
into two parts. However, in the specimen examined
here, the gonad has a uniform structure.

Armina tigrina Rafinesque, 1814

Synonymy:
Pleurophyllidia undulata Stammer, 1816
Diphyllidia lineata Otto, 1820
Armina undulata (Meckel, 1816)
Pleurophyllidia cuvieri Meckel, 1823
Pleurophyllidia neapolitana <Delle Chiaje> of
different authors, non Delle Chiaje, 1824

Only a few organs of this species could be investi-
gated because the specimens were in a poor condi-
tion.

External morphology:

On the dorsal side of the notum 23 ridges are visible
(Fig. 18A). Along the margin of the ridges, black
spots of pigment shimmer through the epidermis.
The colour of the preserved specimen is rather dark,
probably due to the method of fixation (unknown).
A triangular caruncle lies in front of the rhinophores.
The latter are partly drawn back into the body. The
right rhinophore has eleven vertical lamellae. The
body apertures have the same postion as in the for-
mer species (Fig. 18C). Numerous branchial lamellae
(more than 100 per side) are present The hyponotal
lamellae (Fig. 18B) number 36 on the left side of the
body and 40 on the right. A deep groove is present
on the ventral side of the foot, probably resulting
from fixation. Marginal sacs at the lateral notum edge
were found only in histological sections. They are
similar to those in Armina loveni, but the epithelium
and the glandular cells cannot be distinguished
because of the poor condition of the specimen. Only
masses of secretions are visible in the lumen.

Anatomy:

Digestive system: No detailed examinations of oral
tube, oral glands, salivary glands, pharynx, buccal
armature, oesophagus and stomach were possible.
The central canal of the digestive gland is long,
narrow and lies on the left side of the body. The
glandular part of the digestive gland is similar to that
described for Armina neapolitana, A. maculata and
A. loveni. It has a very compact structure.

Reproductive system: A schematic outline of the
distal genital complex is shown in Fig. 19B. The
genital system of a specimen from the BMNH was
examined anatomically (Fig. 19A). The gonad is
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1 mm

Figure 16. Armina loveni—Anatomy. A. Nervous system. B. Anterior genital complex in situ (parts slightly
separated). C. Schematic outline of genital complex. Abbreviations: am, ampulla; ar, allosperm receptacle; bg,
buccal ganglion; cgl, capsule gland; cpg, cerebropleural ganglion; dov, distal oviduct; ey, eye; fgl, female glands;
geg, gastro-oesophageal ganglion; mgl, mucus gland; pc, pedal commissure; p, penis; pg, pedal ganglion; pov,
proximal oviduct; pr, prostate; rig, rhinophoral ganglion; sta, statocyst; va, vagina; vl, visceral loop.

Figure 17. Armina foveni-SEM-photographs. A. Rachidian teeth with few laterals; scale bar = 50 p.m. B. Lat-
eral teeth; scale bar = 50 u.m. C. Lateral teeth; scale bar = 25 (im. D. Rows of denticles on masticatory process;
scale bar = 25 \im. Abbreviations: 1, lateral tooth; r, rachidian tooth.
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very large. Branches of the hermaphrodite duct run
in between the follicles of the gonad. The
hermaphrodite duct is long and its position is the
same as in the former species. The transition from a
tube-like, heavily coiled ampulla to the post-
ampuUary duct is abrupt. The vas deferens coils twice
before it enters a small penis. A prostate is not distin-
guishable macroscopically, but the vas deferens
widens at the beginning, and this may be the prostatic
section. The penis is elongate, digitiform and pro-
trudes dorsally of the vagina into the genital papilla.
The proximal oviduct is more elongate and com-
posed of stronger tissue than in the other species,
widening proximally. The female glands are the same
as in the former species. But it was not possible to
differentiate between proximal and distal mucus
gland. The allosperm receptacle is triangular. The
vagina is more delicate than in other species.

DISCUSSION

Morphology: A short description of Armina tigrina
was given by Pruvot-Fol (1937). In her opinion, the
number of longitudinal ridges on the notum is
greater than in A. neapolitana and this is confirmed
by the present examination. Ballesteros (1983)
counted 30 ridges in A. tigrina. The exact number is
probably variable within one species and might also
depend on the stage of maturity of the animal.

Anatomy: According to Ballesteros (1983), the heart
lies at the hind end of the body. The results of the
present study do not confirm this peculiar position. In
fact the heart lies in the anterior part of the body,
similar to all the other species described in this paper.
In Ballesteros' (1983) drawings of the distal genital
complex, the capsule gland is granted much more
space than the mucus gland. The genital complex
investigated here shows exactly the opposite relation,
as also reported for all other examined Armina
species.

Comparison of the examined species to each
other and to other species of the genus:

The morphology, anatomy and histology of the
four species examined in this study is very
uniform with only few characters separating
the species. Table 2 shows a comparison of 10
different morphological and anatomical char-
acters within the four species. At this point it is
relevant to mention that our present knowl-
edge about the anatomy of other Armina
species is very sparse. Therefore a comparison
of certain anatomical characters within the
genus must remain incomplete. The best
character to distinguish the species is the shape
of the radular teeth. While A. neapolitana has
pectinate lateral teeth, A. loveni possesses
denticles on the first nine to ten laterals. In A.

tigrina virtually all the laterals are denticulated.
A. maculata, on the other hand, has denticles
only on the outside of the first lateral tooth and
sometimes even this tooth is smooth in some
specimens.

Distinctively shaped radular teeth are also
found in other species of the genus. All Armina
species have a multiseriate radula. Lim & Shou
(1970) counted 74-80 rows of teeth in a 90 mm
specimen of the new described species A.
cameola. The highest number of teeth per row
was reported for A. major Baba, 1949.
O'Donoghue (1921) found the minimum
number of 22 in A. califomica Cooper, 1862
and Vayssiere (1901) in A. tigrina = A. undu-
lata. In most species the rachidian tooth bears
some denticles on either side of the median
cusp. Only Baba (1949) found a smooth
rachidian tooth in A. major. In A. tigrina, the
denticles are very small (Thompson et al.,
1990). Many species have a distinct first lateral
with its typical short, bulky shape. Frequently it
bears small denticles on the outside of the cusp.
The other lateral teeth mostly have elongated
cusps, which can be denticulated or smooth.
Marginal teeth seldom bear denticles as for
example reported by Narayanan (1969) for A.
cinerea Farran, 1905. Usually they are more
slender and shorter than the other laterals. In
some species the denticles of the laterals are
elongated, so the teeth have a pectinate shape.
This has been described for A. neapolitana.
Marcus & Marcus (1966) report pectinate teeth
also for the new species A. joia, O'Donoghue
(1921) describes them for A. califomica and
Bergh (1890) for A. ceylanica Bergh, 1890.
Pectinate teeth are also reported by Marcus
(1961) for A. columbiana O'Donoghue, 1924.

The jaws are very uniform within the studied
species. A denticulated masticatory process is
always present. In descriptions of species of the
genus Armina the number of rows of denticles
is often given. But in my opinion this character
is not suitable to distinguish the species, since
the number is variable even within one species.
For example, Ballesteros (1983) mentions six
to seven rows for Armina maculata while
Thompson et al. (1990) found about ten rows.

Other specific characters of the four exam-
ined Armina species are the coloration, the
structure of the notum and the size of the body.

A. neapolitana has a light brownish colour
with white notal ridges (Schmekel & Portmann
1982). Black pigment occurs between the
ridges. The ventral side of the mantle and the
foot are also light brownish. Pruvot-Fol (1937)
describes the living animal of A. tigrina as
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Table 2. Comparison of morphological and anatomical characteris in examined species:
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Character

length

colour and structure
of notum

number of
rhinophoral lamellae
caruncle

number of branchial
lamellae
number of hyponotal
lamellae
marginal sacs

radula

jaws

digestive gland

ampulla
prostate

visceral loop

cerebral nerves

A neapolitana

max. 31 mm (fix)

brownish, white
notal ridges.
black pigments

right: 11
left: 9
triangular

18-32/side

9-19/side

present

laterals: pectinate

large, with
masticatory
process

loosely packed
follicles;
branches: right
6, left 5

few, large coils
short

present

2 cerebral nerves

A. maculata

largest species.
up to 63 mm (fix)
orange, white
pustules

right: 9
left: 10
insignificant

61-80/side

>100/side

present

1.lateral:
denticulated.
remaining laterals:
smooth;
large, with process

densely packed
branches: right 4
left 6

heavily coiled
folded

not found, one
individual with
visceral ganglion
3 cerebral nerves

A. loveni

31 mm (fix)

light red-brown.
light notal ridges.
alternating broad
and narrow ridges.
haze of black pigment

right 10
left: 11
insignificant

9 and 26/side

15,25/side

present

laterals: 1-9 slightly
denticulated;

slender, with process

less compact than A
maculata and A
tigrina; branches:
right 9; left 7

coiled
very long and short
vas deferens
present

3 cerebral nerves

A tigrina

max. 53 mm (fix)

black with white
notal ridges

right: 11
left: not visible
insignificant

>100/side

36,40/side

present

all laterals:
denticulated;

large, with
process
(Thompson et al.
(1990)
very compact;
branches: right 4
left 6 (Ballesteros
1983)

coiled
not distinguish-
able

no information

no information

having a black colour with white notal ridges.
The foot is dark rose in colour. A. maculata has
an orange notum with white pustules (Balles-
teros 1981). The foot of this species is white.
According to Bergh (1879), A. loveni has a
red-brownish ground colour with light white-
coloured ridges on the notum. Broad and
narrow ones alternate. The epithelium is cov-
ered by a pale grey sheen which even covers
the branchial and hyponotal lamellae. This is
not described for any other Armina species.

The number of notal ridges also varies.
Armina neapolitana bears the smallest number
of ridges (maximum 16), while A. loveni and A.
tigrina have more. Pruvot-Fol (1937) reported
40 ridges in A. tigrina. Because the animal
studied by her was larger (and therefore proba-
bly older) than the specimen examined here, it
could be assumed that the number of longitudi-

nal notal ridges depends on the age or size of
the animal. Thus, this character should not be
overemphasized in the characterisation of
species.

Within the genus Armina, the coloration and
structure of the notum is variable. Nevertheless
a dark ground coloration is typical for most
species, while the notal ridges are set off in
light colour. Only few species (e.g. A. major or
A. taeniolata Bergh, (I860)) show lighter and
brighter colours (Baba 1949, Eliot 1906 respec-
tively). Three-quarters of the Armina species
have longitudinal notal ridges. Only a few
species bear pustules on the notum which may
be partly aligned in rows (Baba 1955, Thomp-
son et al. 1990, e.g. A. babai Tchang, 1936; A.
tricuspidata Thompson, Cattaneo & Wong,
1990 and A. variolosa Bergh, 1904)). A. bayeri
Marcus & Marcus, 1966 bears notal ridges
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A, 5 mm

5 mm

Figure 18. Armina tigrina. A. Dorsal view. B. Ventral view. C Lateral view. Abbreviations: an, anus; bl,
branchial lamellae; ca, caruncle; gp, genital papilla; hi, hyponotal lamellae; mo, mouth opening; p, penis; ve,
oral veil.

which break down into pustules at the lateral
sides of the notum.

A caruncle is found in all the species exam-
ined here. It is always situated in front of the

rhinophores, but it varies in size and shape. In
Armina maculata and A. loveni the caruncle is
indistinct, while it has a distinct triangular
shape in the other two species. Within the
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2 mm B

Figure 19. Armina tigrina—Anatomy. A. Anterior genital complex nearly in situ (parts slightly separated). B.
Schematic outline of genital complex. Abbreviations: am, ampulla; ar, allosperm receptacle; cgl, capsule gland;
dov, distal oviduct; fgl, female glands; mgl, mucus gland; p, penis; pov, proximal oviduct; va, vagina; vd, vas def-

genus the caruncle is variable in structure. The
position is always in front of the rhinophores.
In A. aoteana Miller & Willan, 1986 and A.
muelleri v. Ihering, 1886 the caruncle is divided
into two parts; one part lies in front of each
rhinophore (Marcus & Marcus 1966, Miller &
Willan 1986). Pruvot-Fol (1937) has stated that
the shape of the caruncle varied within the
same animal depending on whether it was alive
or dead. Fixation may also have an influence on
the shape of the caruncle. Therefore, I agree
with Pruvot-Fol (1937) that the use of the
caruncle as a character in systematics needs to
be treated with caution. Different opinions
exist about the function of the caruncle. Otto
(1820) believed the caruncle functions as a
cover for the rhinophores. Thompson et al.
(1990) agreed with this, although Thompson &
Brown (1984) previously considered it to be a
sensory organ. Pruvot-Fol (1937) interpreted
the caruncle as a rudiment of the rhinophoral
sheaths of the tritoniids. This is impossible,
because the rhinophoral sheaths are built by
the anterior mantle margin whereas the carun-
cle according to its position originates from the
oral veil. Therefore, the homology of these two
structures can be excluded. According to the
results of this study it is more probable that the

caruncle builds a cover for the rhinophores
when they are withdrawn into the body. But
this assumption must be confirmed by investi-
gations on living animals.

The number of the subnotal lamellae varies
to a great extent amongst the species exam-
ined. Even within one specimen, the number of
branchial and hyponotal lamellae differs from
side to side. Armina tigrina possesses the
largest number of branchial lamellae—over
100 per side—while A. maculata has the largest
number of hyponotal lamellae (more than 100
per side in one individual). A. neapolitana and
A. loveni both possess far fewer lamellae than
the other two species. The arrangement of the
lamellae is similar in all species; the branchial
lamellae stand parallel to the notal edge, the
hyponotal lamellae are arranged transeversely.
The interspecific variability in the number of
ventral lamellae is also represented by the
other species of the genus. In addition, some
Armina species show different arrangements of
lamellae. The lowest number of branchial
lamellae is reported by Hoffman (1940) for A.
pallida Bergh (6 to 8 per side), the largest num-
ber found so far was described for A. tigrina in
this study. Normally large lamellae alternate
with smaller ones. Besides these primary and
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secondary lamellae, respectively, also tertiary
lamellae can occur as described by Miller &
Willan (1986) for A. aoteana. Few species (e.g.
A. comta Bergh, (1880) and A. pallida) only
have a single hyponotal lamella on either side
of the body (Hoffmann, 1940). If an animal has
only few hyponotal lamellae they are usually
arranged parallel to the edge of the foot. With
an increasing number of lamellae, the arrange-
ment is transeverse. Hyponotal lamellae are
thicker than branchial lamellae. They contain
branches of the digestive gland. This is also
confirmed for other Armina species (MacFar-
land, 1966 for A. califomica; Thompson et al.,
1990).

In the present paper marginal sacs are
described for Armina loveni, A. maculata and
A. tigrina. In A. neapolitana only structures
which were interpreted as immature stages of
marginal sacs could be observed. Mature
marginal sacs were missing in this species. It is
possible, that the marginal sacs disappear after
the contents have been completely emptied
out. Hoffmann (1939) cites Cuenot, who thinks
that the lumen of an empty marginal sac is
gradually replaced by connective tissue.
Cuenot's assumption can be confirmed here,
because the same situation was found in histo-
logical sections of A. maculata.

Marginal sacs are also described for other
species of the genus. Usually they appear in
large numbers, as e.g. in A. californica, A.
columbiana, A. joia and A. wattla Marcus, 1967
(Marcus, 1961; Marcus & Marcus, 1967). The
position of the marginal sacs along the lateral
mantle brim is very uniform in all species. The
marginal sacs do not show any connection to
the digestive gland (MacFarland, 1966; Bergh,
1879; Hoffmann, 1939), as also confirmed
here. At present we can only speculate about
the function of the marginal sacs. They might
be used for defence, as Hoffmann (1939)
suggests.

The glandular part of the digestive system is
of limited use for the discrimination of species.
The structure of the digestive gland and the
number of its branches arising from the central
canal seem to be species-specific. Most
branches were found in Armina loveni, fewest
in A. maculata. However, all four species have
two branches originating from the stomach,
representing the right anterior and left anterior
digestive glandular branch. Other species of
the genus also have a cladohepatic digestive
gland. The glandular part is found only in the
lateral parts of the body. The largest number of
branches of the digestive gland is reported for

A. muelleri—, ten on the left side and eleven to
twelve on the right (Marcus & Marcus, 1960).
The lowest number is found in A. maculata
present study; Ballesteros, 1983)—three to four
on the right side and five to six on the left. A.
maculata and A. tigrina, in comparison to A.
neapolitana, show a compact digestive gland.
The follicles of the digestive gland are densely
packed in the lateral sides of the body in A.
maculata and A. tigrina. A. neapolitana, on the
other hand, has loosely arranged digestive gland
follicles. A. loveni is intermediate. But the tran-
sitions are continuous from species to species.

The distal genital complex is very similar in
all species examined. It is always diaulic. This
also applies to the other species of the genus.
Nevertheless, the shape and pathway of the
ampulla seem to be specific. While the ampulla
of Armina neapolitana has few, large, wide
coils it is heavily coiled in A. maculata, whilst
A. loveni and A. tigrina have an ampulla which
has several coils prior to the transition to the
postampullary duct. The position of the
hermaphrodite duct between two parallel coils
of the ampulla may be a specific character for
A. neapolitana. At least it seems not to be
variable within the species, because in all three
investigated specimens the hermaphrodite duct
had the same position.

Descriptions of the ampulla of other Armina
species are very consistent with the results
presented here. An exception is A. wattla,
which according to Marcus & Marcus (1967)
has a bladder-shaped ampulla.

The thorough re-investigation of four
Armina species and the comparison with other
Armina species has shown, that there are few
characters which can be used to characterize
the species. The histological investigation did
not reveal new characters which would help to
elucidate the phylogenetic relationship of the
genus Armina within the Arminidae. Further
research on the other genera of the Arminidae
is needed to clarify their relationships.
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