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ABSTRACT A new microscopic aschelminth-like ani-
mal, Limnognathia maerski nov. gen. et sp., is described
from a cold spring at Disko Island, West Greenland, and
assigned to Micrognathozoa nov. class. It has a complex of
jaws in its pharynx, and the ultrastructure of the main
jaws is similar to that of the jaws of advanced scleropera-
lian gnathostomulids. However, other jaw elements ap-
pear also to have characteristics of the trophi of Rotifera.
Jaw-like structures are found in other protostome taxa as
well—for instance, in proboscises of kalyptorhynch platy-
helminths, in dorvilleid polychaetes and aplacophoran
mollusks—but studies of their ultrastructure show that
none of these jaws is homologous with jaws found in
Gnathostomulida, Rotifera, and Micrognathozoa. The lat-
ter three groups have recently been joined into the mono-
phylum Gnathifera Ahlrichs, 1995, an interpretation sup-
ported by the presence of jaw elements with cuticular rods
with osmiophilic cores in all three groups. Such tubular
structures are found in the fulcrum of all Rotifera and in
several cuticular sclerites of both Gnathostomulida and
Micrognathozoa. The gross morphology of the pharyngeal
apparatus is similar in the three groups. It consists of a
ventral pharyngeal bulb and a dorsal pharyngeal lumen.
The absence of pharyngeal ciliation cannot be used as an
autapomorphy in the ground pattern of the Gnathifera
because the Micrognathozoa has the plesiomorphic alter-
native with a ciliated pharyngeal epithelium.

The body of Limnognathia maerski nov. gen. et sp. con-
sists of a head, thorax, and abdomen. The dorsal and

lateral epidermis have plates formed by an intracellular
matrix, as in Rotifera and Acanthocephala; however, the
epidermis is not syncytial. The ventral epidermis lacks
internal plates, but has a cuticular oral plate without
ciliary structures. Two ventral rows of multiciliated cells
form a locomotory organ. These ciliated cells resemble the
ciliophores present in some interstitial annelids. An adhe-
sive ciliated pad is located ventrally close to a caudal
plate.

As in many marine interstitial animals—e.g., gnatho-
stomulids, gastrotrichs, and polychaetes—a special form
of tactile bristles or sensoria is found on the body. Two
pairs of protonephridia with unicellular terminal cells are
found in the trunk; this unicellular condition may be the
plesiomorphic condition in Bilateria. Only specimens with
the female reproductive system have been found, indicat-
ing that all adult animals are parthenogenetic females.
We suggest that 1) jaws of Gnathostomulida, Rotifera, and
the new taxon, Micrognathozoa, are homologous struc-
tures; 2) Rotifera (including Acanthocephala) and the new
group might be sister groups, while Gnathostomulida
could be the sister-group to this assemblage; and 3) the
similarities to certain gastrotrichs and interstitial
polychaetes are convergent. J. Morphol. 246:1–49, 2000.
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The rich vegetation near the more than 1,000 ho-
mothermic springs of Disko Island, West Greenland,
has been considered to contain a southern relict
element from a period with a warmer climate when
the ranges of southern elements in the flora ex-
tended beyond the island of Disko (Porsild, 1920;
Kristensen, 1987). In the same way the marine fau-
nal elements in Greenland springs have been re-
garded as relicts from a postglacial hypsithermal
period, when many springs were below sea level
(Kristensen, 1977).

Measurements of the abiotic parameters in more
than 100 homothermic springs on Disko Island in-
dicate that the springs can be separated into at least

three different types (Kristensen, 1982). The marine
faunal elements are only found in warm electrolyte-
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rich, radioactive springs (“salt springs”). The domi-
nant type of spring on Disko Island is an electrolyte-
poor spring with only “normal freshwater” species.
The “southern” vegetation around the springs is a
result of the so-called “greenhouse effect” brought
about by the snow and ice cover in winter.

Compared with the “warm” springs of Disko Is-
land, very few investigations had been carried out in
cold springs, which may be frozen up to 8 months of
the year. The freshwater fauna of the cold (hetero-
thermic) springs differ greatly from those of the
homothermic springs. The flora and fauna of a cold
spring (Isunngua/Mudderbugten) was compared
with that of the relatively cold homothermic springs
(Sullorsuaq/Kvandalen) during a field course in Arc-
tic Biology, 1994, at Disko Island. To our surprise,
we found a new type of animal in the cold spring
(Kristensen, 1995; Kristensen and Funch, 1995) ep-
iphytic on water mosses. Here we fully describe the
new taxon, discuss its phylogenetic position, and
correct some misconceptions about this unique ani-
mal (see Ahlrichs, 1997; Herlyn and Ehlers, 1997).

The first specimens of the new species were col-
lected in 1979 at Disko Island. These three speci-
mens were then labeled Rotifera because they were
not observed alive and were strongly contracted in
the formaldehyde/glycerol preparation. Later, we
recognized the complicated jaw apparatus. The new
animal has several superficial similarities to mono-
gonont rotifers, especially in the pharyngeal appa-
ratus. Therefore, we compared the extremely com-
plex jaw apparatus with the more simple mastax of
several species of Monogononta by scanning electron
microscopy (SEM). Recently, excellent SEM analysis
of the sclerite system of the rotifer mastax has been
published (Markevich, 1989; De Smet, 1996, 1997).
Surprisingly the jaw apparatus of the new animal
clearly has elements similar to the scleroperalian
gnathostomulids (Kristensen and Nørrevang, 1977,
1978; Herlyn and Ehlers, 1997), especially in the
main jaws (articularium and dentarium). We com-
pare the lamellarization of the dentarium and the
fibularization of the apophysis in the family Gnatho-
stomulidae (Riedl and Rieger, 1972) with similar
structures in the main jaws of the new animal.

Gnathostomulida was described by Ax (1956) as
an order of Turbellaria (Platyhelminthes). Later,
Riedl (1969) established a new phylum for the
gnathostomulids and Sterrer (1972) confirmed the
new status of the group, but he also mentioned that
gnathostomulids share characteristics with both
Platyhelminthes and Aschelminthes. In the excel-
lent review article of Lammert (1991) the Gnatho-
stomulida was also included in the Aschelminthes.
Zoology textbooks, such as Ruppert and Barnes
(1994), follow the idea of Sterrer et al. (1985) and
Lammert (1991) and include the Gnathostomulida
in the Aschelminthes. Nielsen (1995) included them
in Annelida. Littlewood et al. (1998) were the first to
sequence 18S ribosomal DNA from a species of

Gnathostomulida. In comparing this sequence to
that of other phyla they came to the conclusion that
the Gnathostomulida is a member of a Nematoda 1
Chaetognatha clade. Zrzavý et al. (1998) came to
another conclusion. They used the 18S ribosomal
DNA data of Gnathostomulida from Littlewood et al.
(1998) and combined these with morphological char-
acters in a total-evidence approach. Analysis of this
huge dataset indicated a monophylum Neotrichozoa
consisting of Gnathostomulida and Gastrotricha. So
far, the only agreement is that gnathostomulids are
protostomian worms.

Recently, Rieger and Tyler (1995) and Ahlrichs
(1995) cited ultrastructural evidence for a sister-
group relationship of Gnathostomulida with
Rotifera-Acanthocephala. Ahlrichs (1995) estab-
lished a new monophylum Gnathifera for these
groups. Later, Ahlrichs (1997) included our new
taxon as “New group A” in his phylogenetic diagram
of Gnathifera. He cited our unpublished Danish re-
port from the Arctic Field Course (Kristensen and
Funch, 1995). Unfortunately, the same new taxon
was also mentioned as “New group 1” (Kristensen,
1995). “New group A” for our unnamed taxon and its
inclusion in Gnathifera were mentioned again in the
article of Herlyn and Ehlers (1997). They argued
that the trophi of rotifers and the cuticular jaws of
gnathostomulids are homologous. Their conclusion
was based on a transmission electron microscopy
(TEM) investigation of the pharynx of the sclerop-
eralian gnathostomulid, Gnathostomula paradoxa.
Recently, Sørensen (2000) made the first SEM-
investigation of the two main type jaws (“compact”
and “basket” type) within the Gnathostomulida. His
study gives further support for a closer relationship
with rotifers by virtue of similarities with the jaws
and trophi of advanced monogonont rotifers. Sø-
rensen shows that the pseudofulcrum of Rastro-
gnathia macrostoma resembles the fulcrum in the
rotiferan family Dicranophoridae. The cuticular el-
ements, the sclerofibrillae, are almost identical in
the two groups. Our new taxon from Greenland be-
longs to Gnathifera and supports the monophyly of
this taxon comprising the Gnathostomulida, Rotif-
era (including Seison), and Acanthocephala. Conse-
quently, Gnathostomulida is not as closely related to
the Turbellaria (Platyhelminthes) as suggested by
Ax (1956, 1985, 1989, 1996).

Finally, we considered other possibilities for a
phylogenetic relationship for the “New Group 1,”
because we doubt that Aschelminthes is monophy-
letic, a hypothesis that has gained support from
recent phylogenetic analyses using morphological
data (Nielsen et al., 1996; Sørensen et al., 2000),
molecular data and combined data (Giribet et al.,
2000). There are similarities in outer morphology—
e.g., the ventral trunk ciliation and sensoria—
between certain gastrotrichs (Hyman, 1951; Rup-
pert, 1991b) and the new animal. The phylogenetic
significance of these structures is briefly discussed.
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The free-swimming chordoid larva of Cycliophora
(Funch and Kristensen, 1995; Funch, 1996) has a
gastrotroch of compound cilia as in the ventral cili-
ation of the new animal. This is probably an adap-
tation to crawling and not a homology. We discuss
the hypothesis of polyphyletic origin of Aschel-
minthes (Winnepenninckx et al., 1995) in the con-
text of groups, such as the interstitial polychaete
families Diurodrilidae and Dorvilleidae (see Kris-
tensen and Niilonen, 1982; Eibye-Jacobsen and
Kristensen, 1994) having ventral ciliophores both on
the head and abdomen, as does our new animal.
Furthermore, the family Dorvilleidae has a cuticular
jaw in the pharyngeal apparatus. The recently de-
scribed species of dorvilleid, Neotenotrocha sterreri,
has a swimming behavior like that of a rotifer and a
jaw apparatus similar to the trophi of rotifers. In
light of the similarities between Neotenotrocha,
“New Group 1,” and Rotifera the old theory of Sem-
per (1872) that the rotifers are simply neotenic an-
nelids is discussed.

MATERIALS AND METHODS
Substrate and Abiotic Factors
in the Isunngua Spring

The sources of the Isunngua spring are located
1,030–1,120 m from the coast at 50 m above sea
level in a cold moor vegetation. The outflow runs
through two more moors at 315–345 m and 200–296
m from the coast. Between the last two moor areas
and the sea the outflow runs in a 30–50 cm-deep
water channel in well-sorted sand from the Creta-
ceous. The outlet from the second moor is the type
locality at a position: 69°43.799’N and 51°56.549’W.
The spring temperature on 5 August 1994 was 5°C,
the conductivity 62 mmho, and the pH in the field
was 6.4. The radioactivity was only slightly higher
than the background.

The new animal was found only in the last two
moors and the outlets from the moors. More than
100 specimens were collected epiphytic in the
mosses on 22 July 1994, 25 July 1994, 5 August
1994, and 20 May 1995. About 5 kg moss and soil
were collected 5 August 1994 and carried to Copen-
hagen and kept in culture in a 4°C refrigerator with
constant light and airing. The animals reproduced
in the moss culture until 28 February 1997, when an
unknown fungus overgrew the culture. The moss
species on which the new animal lives epiphytically
comprise the following species: Aulocommium
palustre, Calliergon sarmenfosum (the dominant
species), Drepanocladus intermedius, Paludella
squarrosa, and Tomenthypnum nitens (soil species).

Living Materials

Mosses with the rhizoids kept at 4°C were
squeezed in spring water for detritus and meiofauna
and the rinsings decanted through a 32-mm mesh

net. The epiphytic meiofauna was placed in spring
water or distilled water in Petri dishes at room
temperature and inspected under a stereomicro-
scope using magnifications of 340–3100. After
about a half hour the new animal could be observed
free-swimming in the water column. The animals
adhere strongly to Pasteur pipettes, so Irwin loops
were use to transfer specimens to the microslides,
where they were mounted in spring water and pho-
tographed in the differential interference contrast
microscope (DIC, Nomarski technique) or video-
taped with a camera mounted on a Zeiss phase con-
trast microscope.

The holotype (Fig. 1) and one paratype (Fig. 2)
were drawn using camera lucida (magnification
32,000). These habitus drawings were made at 4°C,
when the animals were still alive but had been
slightly squeezed. The measurements of total length
and width of living specimens are about 20% larger
than the same animal later fixed with osmium-
tetroxide vapor. The drawings and measurements of
all sensoria, ciliophores, adhesive ciliated pad, and
the dorsal plates could only be made on living but
slightly squeezed animals (Figs. 3, 4). Some animals
from the culture were prepared for SEM (Figs. 5, 6)
and a prominent oral plate that was not included in
the drawings was observed.

Some animals laid eggs in small salt cellars and
some of these eggs were prepared for SEM (Fig. 7).

Wholemount Preparations

Twenty-eight specimens were fixed with a drop of
4% formaldehyde (buffered with borax) in the spring
water or with 1% osmium-tetroxide vapor directed
onto the hanging drop of water on the microslides.
Thereafter the specimens were mounted with a cov-
erslip in the fixative and the fixative was replaced by
2% glycerol in distilled water that evaporated to
glycerol over several days; the mounts were finally
sealed with Glyceelt.

Seven living mounted specimens were treated
with 2% sodium hypochlorite, using the technique
described by Riedl and Rieger (1972) for isolating
the jaws of Gnathostomulida. The specimen was
mounted under a coverslip in spring water in a
squeezed preparation. Thereafter, sodium hypochlo-
rite was sucked in with bibulous paper. The jaws
and the basal plate (Figs. 8, 9) were strongly resis-
tant to oxidation; however, the outer oral plate, the
different lamellae, ligaments, and symphyses be-
came transparent and disappeared under the
bleaching process.

The photomicrographs were taken during the
bleaching process of the jaw apparatus (Figs. 10–
15). After bleaching, the tissue debris was removed
with distilled water, glycerol was added, and the
coverslip was sealed with Glyceelt. All wholemounts
were examined with phase contrast and DIC optics
and drawn using a camera lucida. For drawings of
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the pharyngeal apparatus and the complex jaw sys-
tem (Figs. 8, 9), a Wild drawing tube mounted on a
Wild M20 microscope was used, allowing a drawing
magnification of 310,000.

Electron Microscopical Techniques

Adult specimens and eggs used for SEM were
fixed in 4% buffered formaldehyde or osmium-
tetroxide vapor. Specimens were transferred
through an acetone dehydration series and were
critical-point dried using carbon dioxide; thereafter,
they were mounted on aluminum SEM stubs with
double-sided tape.

A new technique was developed for SEM observa-
tions of the jaw apparatus. For this, several living
animals were placed in a small drop of distilled
water directly on the aluminum SEM stub. When
the distilled water evaporated, the dried animals
adhered strongly to the SEM stub. The soft tissue
was then removed by 2% sodium hypochlorite and
the cleaned jaw apparatus was rinsed several times
with distilled water. All SEM preparations were
sputter-coated with gold and examined in a JEOL
JSM-840 scanning electron microscope (Figs. 16,
17).

For TEM, six adult animals were fixed in a mix-
ture of three aldehydes, a so-called trialdehyde fix-
ation (Lake, 1973), in 0.1 M sodium cacodylate
buffer (see Kalt and Tandler, 1971). All specimens
were postfixed in 1% osmium-tetroxide with 0.1 M
sodium cacodylate buffer for 1 h at 20°C. After fix-
ation, the animals were dehydrated in an ethanol
series, transferred to propylene oxide, and finally
embedded in epoxy resin type TAAB 812t. The ul-
trathin serial sections were stained with uranyl ac-
etate and lead citrate (Reynolds, 1963). TEM exam-
inations (Figs. 18–33) were performed with a JEOL
JEM-100SX transmission electron microscope.

DESCRIPTION

Phylum: Gnathifera Ahlrichs, 1995

Micrognathozoa, new class

Diagnosis. Acoelomate metazoans with bilateral
symmetry and epidermal dorsal and lateral intra-
cellular plates. Epidermis cellular, not syncytial.
Body divided into a head with the pharyngeal appa-
ratus, an accordion-like thorax, and an abdomen
with a dorsal anus, which may be functional only
periodically. Ventral epidermis with thick glycoca-
lyx and two rows of multiciliated ciliophores. Ven-
tral mouth opening surrounded by a cuticular oral
plate. Epidermis of the mouth cavity and the pha-
ryngeal apparatus also with a cuticle. Jaw appara-
tus with one unpaired and nine paired major scle-
rites. Females with one pair of ovaries. One egg per

clutch. Two pairs of protonephridia with monocili-
ated terminal cells. Direct development.

Etymology. Micro, gnathos and zoa are Greek for
“small,” “jaws,” and “animal,” referring to the small
animal with complex jaws.

Limnognathida, new order
Diagnosis. Same as the class and with a life-cycle

with free-living individuals in freshwaters.

Limnognathiidae, new family
Diagnosis. Same as the class.

Limnognathia gen. nov.
Diagnosis. Same as the class.
Type species. Limnognathia maerski, new spe-

cies by designation (Figs. 1, 2).
Etymology. Limnos and gnathos are Greek for

“freshwater” and “jaws,” referring to the habitat be-
ing freshwater; feminine gender.

Limnognathia maerski sp. nov.
Diagnosis. Mature females 105–152 mm long, ju-

veniles 85–107 mm long, ovoid sculptured egg 40 3
30 mm. Stiff sensoria consisting of: 1) one pair of
apicalia, 2) one pair of frontalia, 3) five pairs of
lateralia, 4) three pairs of dorsalia, and 5) two pairs
of caudalia, each with a ring-shaped epidermal
socket. Second dorsalia (Fig. 1, do2) on the thorax
are double and may lack cilia.

Etymology. To honor Maersk McKinney Møller,
who sponsored the new research vessel Porsild for
the Arctic Station. The new animal was discovered
during the maiden trip with the new research vessel
in 1994.

Type material. The holotype (MIC 0001, ZMUC)
is an adult female with two unsculptured oocytes.
This wholemount slide, together with 19 paratypes
(MIC 0002-MIC 0020, ZMUC), is deposited in the
Zoological Museum of Copenhagen, Denmark. Seven
sodium hypochlorite-treated jaws are also deposited
on microslides (MIC 0021-MIC 0023, ZMUC). Three
paratypes and two jaw apparatuses are located on
SEM stubs. Six paratypes are ultrasectioned and
located on 105 grids. The type material is placed in
ZMUC and a single paratype is in the National

™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™3
Fig. 1. Holotype of Limnognathia maerski nov. gen. et nov. sp.

Dorsal view of the slightly squeezed living female from the spring
at Isunngua, Disko Island, W. Greenland. A few details from
study after the animal was fixed are included. ac, apicalia; an,
anus; ap, apical plate; at, apical cilia tuft; ca, cauda of the main
jaws (ja); cd1-cd2, caudalia; do1-do3, dorsalia; dp, dorsal plate; fg,
flagellar head structure; fr, frontalia; la1-la5, lateralia; lp, lateral
plate; mg, midgut; oo1-oo2, oocytes; ph, pharyngeal apparatus; sg,
salivary gland; ta, tail (pygidium).
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Museum of Natural History, Smithsonian Institu-
tion (USNM), Washington DC, USA.

Type locality. The type material was extracted
from living water mosses from the cold Isunngua
spring (69°43.799’N, 51°56.549’W), located at the
eastern corner of Disko Island, West Greenland
(Figs. 34–39). The living material was collected by
the authors on 22 July 1994, 25 July 1994, 5 August
1994, and 20 May 1995. The holotype was from the
5 August 1994 collection.

Additional material. Three strongly retracted
animals had been mounted on microslides in 1979.
This material is from a cold homothermic spring
close to Lymnaea lake (69°42.2979N, 52°11.4359W)
in the valley of Sullorsuaq/Kvandalen (Fig. 36). The
specimens were collected during a survey for tardi-
grades in July 1979 (Kristensen, 1982).

Description of the Holotype (Adult Female)

The holotype was observed alive and after fixation
with 1% osmium-tetroxide and preparation of a gly-
cerol wholemount. The total length of the living an-
imal was 142 mm and the maximum width of the
abdomen was 55 mm. The drawing (Fig. 1) is in
dorsal view. The body seems segmented or divided
into a two-parted head, accordion-like thorax, and
ovoid abdomen with a small retractile pygidium (tail).

External anatomy. The whole dorsal part (dor-
sum) of the animal is covered with plates. The ani-
mal bears sensoria on all parts of the body. As in
many marine interstitial animals, e.g., gnathosto-
mulids, gastrotrichs, and polychaetes, these tactile
bristles (stiff, adjoined cilia) consist of more than one
cilium. In each sensorium the cilia seem to emerge
from one cell. However, this observation is not yet
confirmed with TEM. In the holotype, two to three
adjoined stiff cilia arise from a circular reinforce-
ment, the socket. Still, when the bristle disappears
under fixation the socket can be recognized as a ring
with a pore in the middle. The tactile sensoria are
always found in pairs, serially arranged on the body.
The arrangement is consistent in all investigated
specimens of Limnognathia maerski, including the
holotype. On the anterior part of the head are four
pairs of bristles. A pair of long frontalia (fr, 34 mm
long) and a pair of shorter apicalia (ac, 23 mm long)
are located on the frontal margin of the head. These
sensoria are directed forward. Two pairs of laterally
oriented sensoria (la1 and la2, 22 mm long) are lo-
cated between the sutures of the first two lateral
headplates. The posterior part of the head lacks
bristles. The thorax has two pairs of lateralia (la3
and la4, 25 mm long) and two pairs of dorsalia (do1,
18 mm long and do2, without ciliary structure). They
are located on middorsal plates. The posterior pair
(do2) lacks the external ciliary structures in the ho-
lotype, and the socket for the sensory structure is a
double structure (8-shaped) and has a pore in the
anterior part of the structure.

The abdomen has a single pair of lateralia (la5, 24
mm long) located in a constriction that divides the
abdomen into two parts. Furthermore, a shorter pair
of dorsalia (do3, 15 mm long), which is oriented
dorso-caudally, is located on two thin dorso-lateral
plates close to the triangular anal plate. Dorso-
caudally, a pair of caudalia (cd1, 19 mm long) and
ventro-caudally another pair of caudalia (cd2, 22 mm
long) are located. Both pairs are oriented caudally
and the sockets of the ventro-caudal bristles are
located on the two caudal plates, which can be seen
only in the ventral view (Fig. 2), and therefore are
not seen in the holotype. All sensoria break off easily
and in the wholemount preparation of the holotype
only the sockets of the sensoria can be observed.

Three other ciliary structures could be observed
on the head of the holotype when it was alive: 1) One
small apical cilia tuft (at) was observed between the
two apicalia. It consists of four short, stiff cilia,
although eight cilia were seen in some paratypes.
The cilia are about 8 mm long and are not adjoined,
but it seems that they arise from the same epider-
mal cell. 2) Close to the base of each frontalium, a
long single flagellum-like structure (30 mm long) is
present (fg). This structure has the typical stroke of
a flagellum. 3) Between the frontalia and the first
pair of lateralia, a broom of short cilia is present.
These cilia are perhaps a part of the ventral preoral
cilia field (see Fig. 2, pc). These cilia persist in the
wholemount preparation.

The characteristic dorsal plates can best be inves-
tigated in the head. Here it is clearly seen that each
plate comprises 3–4 epidermal cells. The borders
between cells are shown as broken lines in Figure 1.
An exception seems to be the thick apical plate (ap),
which strongly reflects light in DIC microscopy and
seems to be formed by a single giant epidermal cell.
The forehead is separated from the posterior part by
a constriction. The forehead consists of eight plates
and the posterior part consists of five plates.

The thorax has thick dorsal plates (dp) and more
flexible lateral plates (lp). The lateral plates work
like an accordion and the thorax can change shape
rapidly from a broad and solid structure to a thin-
ner, longer, and flexible structure. Between the dor-
sal and lateral plates, up to five smaller rod-like to
rhomboid plates are located.

The abdomen is subdivided dorsally with a sulcus
(incomplete transverse furrow). The plates are large
and there are no distinctions between dorsal and

™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™3
Fig. 2. Limnognathia maerski nov. gen. et nov. sp. Ventral

view of living paratype (slightly squeezed) from the spring at
Isunngua, Disko Island. ab, abdomen; ad, adhesive ciliated pad;
cd1-cd2, caudalia; cp, caudal plate; rb1-rb2, refractive bodies; ey,
eye structure ?; fg, flagellar head structure; hc, head ciliophore;
he, head; me, mid-ventral sensorium; mo, mouth opening, oo1-oo2,
oocytes; pc, preoral cilia field; ph, pharyngeal apparatus; pr1-pr2,
protonephridia; tc, trunk ciliophore; th, thorax (neck).
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lateral plates. The dorsal triangular anal plate is
thick and seems to lack an anal opening.

Internal structures. The thick dorsal plates ob-
scure many of the internal structures in the holo-
type. Some of these structures could be seen in the
allotype from the ventral view (Fig. 2).

The most conspicuous structure in the holotype
and all the paratypes is the large pharyngeal appa-
ratus (25 3 23 mm) located in the head. From the
dorsal view all three pairs of jaw-like structures (ja)
can be seen, but the subunits in these complex struc-
tures can only be distinguished in sodium-
hypochlorite-treated animals. The cross-striated
muscles are not drawn in Figure 1 to avoid compli-
cating the figure. The muscles are best analyzed
with TEM. The ovoid mouth opening is surrounded
by a true cuticle and therefore it can be seen from
the dorsal view through the transparent tissue. The
pharyngeal apparatus will be described in detail
below. The large salivary glands (sg) seem to open
inside the midgut.

The digestive system continues with a short
esophagus, which leads to a large midgut, consisting
of large transparent endoderm cells. The midgut
totally lacks ciliary structures. The anus has been
difficult to locate. It seems that Limnognathia
maerski has only a temporary opening. In the holo-
type, the anal plate covers the rectum and anus.

The ovary is paired and two large oocytes domi-
nate the abdomen. A third right oocyte is seen close
to the large oocyte (oo1). A gonopore was not ob-
served.

Description of Allotype

The animal was observed for several hours at 4°C
by DIC optics in a cooling room at Arctic Station.
Later, observations were continued on the whole-
mount glycerol preparation fixed by 1% osmium-
tetroxide vapor. The drawing was made with camera
lucida in Greenland of the ventral view (Fig. 2).
Details of the pharyngeal apparatus were added
later. The total length of the living animal was 127
mm; maximum width of the abdomen was 47 mm.

External gross anatomy. The entire ventral
part (ventrum) of the animal lacks intracellular
plates, except for the two caudal plates (cp), which in
the living animal can be seen ventrally; the pair of
caudo-ventral caudalia (cd2) is located on these
plates. Furthermore, a large cuticular oral plate is
present, but it was only observed after the animal
was fixed.

It is clearly seen from a ventral view that the head
is divided into two parts. A sulcus separates the
forehead from the posterior part. The accordion-
shaped thorax is divided by five annulations (trans-
verse furrows), which are very flexible and therefore
disappear after fixation. The abdomen has a small
sulcus, but it does not continue as a transverse fur-
row to the midventral part side. In a few paratypes,

a very thin furrow was seen in the anterior part of
the abdomen. This furrow was not as distinct as the
annulations on the thorax.

The oval mouth opening (Fig. 2, mo) is located
midventrally on the anterior edge of a spade-shaped
oral plate. The large oral plate is not drawn in Fig-
ure 2, but is seen clearly on the SEM micrograph of
a paratype (Fig. 6, op). The width of the oral plate in
the allotype is 21 mm, and the length is 24 mm. The
oral plate consists of true cuticle and lacks ciliation
(Figs. 25, 27, op). In retracted animals the oral plate
reaches far posterior to the edge of the ventral tho-
rax. In the allotype preparation the shape of the
mouth is a small oval opening, as in all wholemount
preparations of Limnognathia maerski. Therefore it
was very interesting to see the behavior of the living
allotype. In a relaxed swimming position, the mouth
opening has the typical oval form, but when the
animal feeds the two ventral jaw elements (ja1) can
be protruded out through the mouth as two small
arms to grasp the substrate. Furthermore, if the
animal swallows some unwanted items the large
cross-striated muscles in the head retract the dorsal
part of the forehead, which is lifted upward and
backward. Consequently, most of the pharyngeal
apparatus with the whole jaw apparatus could be
seen to stick out of the mouth. Several fast move-
ments of all the jaws elements often accompany this
behavior. The movements consist both of a snapping
reaction and of turning the cauda of the main jaws
(Fig. 1, ca) forward and backward. We called this
action of the jaws a “vomit” behavior. One of the
paratypes sectioned for TEM is fixed with the fore-
head lifted upward and the jaws protruded.

Ciliophores and ventral ciliation. The ventral
ciliation is well developed and all body parts have a
complex ciliation, unlike ciliation in taxa such as
Gastrotricha, Rotifera, and Gnathostomulida. The
forehead is covered ventrally by rows of single cilia.
The rows of cilia are formed as arcs, leading parti-
cles directly to the mouth opening. From the mouth
opening itself several stiff sensory cilia stick out like
a broom.

Lateral to the oral plate a quite different ciliation
exists. Four pairs of specialized ciliated areas were
seen in the allotype. One pair is located at the fore-
head and three pairs are located at the posterior
part of the head. The cilia in each area are stiff and
they arise from a single rectangular cell. The cilia
are not bounded by a common membrane, as in the
gastrotrichs, but they move in unison nevertheless.
Similar multiciliated cells in other invertebrates are
called ciliophores (Kristensen and Niilonen, 1982;
Eibye-Jacobsen and Kristensen, 1994). The cilio-
phores are large epidermal cells with numerous cilia
whose basal bodies are ordered in regular rows. The
head ciliophores in Limnognathia maerski are lo-
cated in the same position as the metastomial cilio-
phores in the two interstitial polychaetes Diurodri-
lus westheidei and Neotenotrocha sterreri.
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The dominating ventral ciliation in Limnognathia
maerski is located on the thorax and the abdomen.
Two rows of trunk ciliophores exist. The length of
each ciliophore is about 5 mm and the width is about
15 mm. The cilia are ordered in four rows. There are
about 20 cilia in each row. In the allotype there exist
18 pairs of trunk ciliophores, ten pairs on the thorax
and eight on the abdomen. There is no difference
between the ciliophores of the thorax and those of
the abdomen.

Just behind the last abdominal ciliophores is a
large adhesive ciliated pad (Fig. 2, ad). The pad

consists of two paired groups of five cells. The cilia in
the pad are also stiff, but they are longer than the
cilia in the ciliophores and they do not beat in uni-
son. In the strongly squeezed paratype (Fig. 4, gs), a
secretion is squeezed out from a pore midventral
between the two clusters of cells. We assume the
secretion is adhesive. This assumption was sup-
ported by live observations of the allotype. The ani-
mal stuck to the substrate with the posterior ventral
part when we tried to remove it with a Pasteur pipette.

The action of the trunk ciliophores was also ob-
served in the living allotype. The trunk ciliophores

Figs. 3, 4. Limnognathia maerski nov. sp. et nov. sp. Micrographs (DIC) of live specimens. Fig. 3: Habitus photo of the whole animal
divided into head (he), thorax (th), and abdomen (ab). Note the different size of the oocytes (oo1 and oo2). br, brain; gc, midgut cells;
ja1, ventral jaw; ph, pharyngeal apparatus. Fig. 4: Ventral view of strongly squeezed caudal part. ad, adhesive ciliated pad consisting
of ten ciliated cells (ce); bb, basal bodies in rows; ep, unciliated epidermal cells; gs, glue secretion; oo1, oocyte; tc; trunk ciliophore.
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are locomotory organs and they beat when the ani-
mal crawled on the substrate (mosses) and when the
animal was swimming. It could be that the preoral
ciliary field is used together with the head cilio-
phores as a broom to collect small detritus particles.
This theory was not supported by live observations,
however. It seems that the animals feed by grasping
food particles directly by the ventral jaws. The an-
terior ciliation instead could be involved in swim-
ming.

Internal structures. The few internal structures
that could be seen in the living allotype included two
pairs of protonephridia (Fig. 2, pr1-pr2), one pair in
the thorax and another pair in the anterior part of
the abdomen. The flame cells could be observed beat-
ing inside the lateral protonephridium, but the

nephridiopore could not be located (see later, “Ex-
cretory Structures”).

The oocytes in the two ovaria are similar to the
oocytes in the holotype, but the right oocytes are
further developed and larger (diameter 5 28 mm). In
the left side of the abdomen of the allotype two
characteristic globular bodies are located. We call
them refractive bodies (Fig. 2, rb1-rb2). Their func-
tion is unknown, but they are only seen in mature
females with large oocytes or sculptured eggs.

Other Paratypes

More than 100 specimens were observed alive
from the cold spring of Isunngua. Many of them

Figs. 5, 6. Limnognathia maerski nov. gen et nov. sp. Females. SEM. From culture, Copenhagen. Fig. 5: Lateral view of a slightly
shrunken specimen showing the dorsal (dp) and lateral plates (lp). The locomotory cilia are ventral ciliation with trunk ciliophores (tc)
and an adhesive ciliated pad (ad) posteriorly. Note the position of one of each of some of the paired sensoria: lateralia (la2-la4) and
dorsalia (do2). Fig. 6: Ventral view of animal with anterior preoral cilia field (pc), head (hc) and trunk ciliophores (tc), and a posterior
adhesive ciliated pad (ad). The mouth (mo) is partly covered by food (fo) or detritus and situated anterior to the oral plate (op). Note
the position of some of the paired lateralia (la3-la5) and caudalia (cd1-cd2). cp, caudal plate.
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were used for video recordings, or squeeze or jaw
preparations. This material does not exist any
longer, but has been documented with video record-
ings, drawings, and micrographs (Figs. 3, 4). Three
paratypes were used for SEM (Figs. 5, 6) and six for
TEM. The TEM material will be treated under “Ul-
trastructural TEM Morphology.” The holotype, allo-
type, and an additional 27 specimens were drawn
using a camera lucida, measured, and then kept as
wholemount preparations on glass microslides.

The length of the adult animals ranges from 105–
152 mm, with an average length of 123.3 mm (n 5
23). We defined adult females as those where both
ovaries with oocytes are present. The length of the
juveniles, being those without any signs of gonads,
ranges from 85–107 mm, with an average length of
93.0 mm (n 5 7). When we compared juveniles with
adults no differences in the jaws, sensoria, or dorsal
plates were observed. The number of rows of the
double ciliophores varied, however. A minimum
number of ten rows was observed in the small juve-
niles, while a maximum of 18 rows was seen in the
allotype. It is therefore likely that development is
direct, although we never observed a juvenile hatch-
ing from an egg. The ciliophores can be observed
easily using DIC optics (Fig. 4). In the SEM prepa-
rations we made (Fig. 6) the trunk ciliophores (tc)
and the adhesive ciliated pad (ad) were covered with
a thin layer of mucus or glue, and all the unique
characters could not be distinguished. The head cil-
iophores (hc) are organized as compound cilia. The
sensoria are often lost in SEM preparations (Figs. 5,
6) and only the sockets are seen (cd1). If the sensorium

is present, it could be observed that the structure con-
sists of more than one stiff cilium (Fig. 6, la3).

Development

The smallest female (105 mm) had two small oo-
cytes, one in each ovary. Usually there is only one
large oocyte and a smaller oocyte in the opposite
ovary (Fig. 3). A large animal (152 mm) had devel-
oped two large oocytes (right oocytes, d 5 45 mm; left
oocytes, d 5 39 mm). In several animals the female
gamete had developed a chorion or eggshell. We call
this gamete an egg. The egg can be enormous rela-
tive to the small size of the animal, and the egg may
occupy most of the abdomen. Only one egg develops
per clutch. The smallest egg with a chorion had a
diameter of 31 mm and was unsculptured. The larg-
est egg in the ovary had a diameter of 48 mm and
was sculptured, with osmiophilic dots at the surface.

We could provoke the females to lay the egg. When
we kept the animals at room temperature (20°C) the
animals left the detritus or the moss leaves and
swam around in the water column. When we trans-
ferred the specimens to small watch glasses the
animals would lay eggs at the bottom. The egg-
laying behavior was difficult to observe, but it
seemed that the animal bent ventrally, and that the
egg burst out from the ventral side close to the
adhesive pad. All eggs were of the same size and
were quite sticky. We recognized two types of eggs.
One type was unsculptured and burst easily, and the
second type was sculptured (Fig. 7) and could be
removed more easily from the watch glass. The free

Fig. 7. Limnognathia maerski nov. gen. et nov. sp. SEM. A newly laid sculptured egg from a
female. From Isunngua, 25 July 1994.
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egg is oval (30 3 40 mm) and other observed eggs
ranged in size from 40–60 mm at the longest axis.
The unsculptured eggs could be abortive, while the
sculptured eggs were capable of further develop-
ment. The justification for this assumption is that
the whole population of adult females would deliver
the oocytes and eggs when they were kept at high
temperature. We did not observe any cleavage in the
eggs. Furthermore, we never found eggs with jaws of
juveniles inside.

We looked very intensively for smaller males both
in Greenland and in the culture in Copenhagen.
Unfortunately, we never observed any, and there-
fore, we expect that the species reproduces by par-
thenogenesis, at least during the summer. We can-
not rule out that the animal is hermaphroditic. The
two refractive bodies (Fig. 2, rb) may be a part of the
male reproductive system. The smallest juvenile (85
mm) was observed alive. The head was relatively
large (35 mm) and the thorax weakly developed. As
mentioned above, it had only ten rows of ciliophores
and it may be the ciliophores of the thorax that are
lacking. It moved exactly like the adults and it al-
ready had a full set of jaws in the pharyngeal appa-
ratus. The animals were kept in a moss culture in a
4°C refrigerator for more than 2 years. During this
period only seven juveniles were observed and mea-
sured.

Fine Structure of the Jaw Apparatus

The fine structure of the “true” cuticularized parts
of the pharyngeal apparatus is important for a dis-
cussion of the phylogenetic position of Limnogna-
thia. We therefore describe the isolated cuticular-
ized parts (sclerites) of the pharyngeal apparatus in
this section.

A complete investigation of the ultrastructure of
the whole pharyngeal apparatus, e.g., cuticular ele-
ments, epidermal cells, and the mesodermal cross-
striated muscles, is needed. The only way to do that
is to combine SEM and TEM techniques (Fiege,
1990). A less sophisticated technique is to serial-
section the entire pharyngeal apparatus and make
three-dimensional reconstructions of the location of
all cuticular elements, the nuclei of the epidermal
cells, and the cross-striated muscles. This technique
has been used with great success in the eutardi-
grades (Eibye-Jacobsen, 1997). Unfortunately, this
technique is time-consuming and requires single-
hole grids for serial sectioning. We sectioned six
pharyngeal apparatuses, but we used the more se-
cure 200-mesh grids. The additional information ob-
tained from the TEM study was crucial to under-
standing the general organization of the pharyngeal
apparatus; for example, that the cuticularized parts
are extracellular and that the jaw apparatuses are
built in the same way as the jaws of gnathostomu-
lids. The results from our TEM study of the pharyn-

geal apparatus will be treated under the section on
ultrastructure.

In this section, we use the technique described by
Riedl and Rieger (1972) for gnathostomulids and
thereafter combine light microscopical observations
with SEM micrographs. We first observed living,
squeezed animals by DIC optics (Figs. 10,11). A few
animals were treated with OsO4-vapor and were
strongly squeezed (Fig. 12). This allowed us to see
the dentarium and articularium of the main jaws
(ja2). Soon it became clear that some parts of the
cuticular jaw apparatus were hidden in the epider-
mal tissues and the muscles. In order to reveal the
hidden parts, whole animals were treated with 2%
sodium hypochlorite (Figs. 13–15). This bleaching
process allowed us to see the main cuticular parts,
the basal plates, the three pairs of jaws, and the
complex structure of the fibularium with its many
fenestrae and fibulae. These structures are strongly
resistant to the bleaching process. Unfortunately,
all ligaments, the oral plate, and the lamellae orales
dissolved immediately. Consequently, the ventral
jaws (ja1) and the accessory sclerites (as1, as2) were
lost in all sodium hypochlorite preparations. It soon
became obvious that the fine structure of the cutic-
ularized pieces was too small and complex to be fully
resolved with light microscopy. A modified SEM
technique of Koehler and Hayes (1969) was there-
fore introduced (Figs. 16, 17). In this technique the
soft tissue was also removed with sodium hypochlo-
rite. The three-dimensional configurations were
added to the two schematic drawings (Figs. 8, 9),
which were made with the camera lucida technique.
When the DIC micrographs (Figs. 10–15) were com-
pared with the SEM micrographs (Figs. 16, 17), it
was obvious that both techniques have their advan-
tages. When we used DIC it was possible to observe
the living animals first and later to treat the ani-
mals with sodium hypochlorite. This affords the op-
portunity to observe the cuticular elements in situ
attached to epidermal cells, ligaments, and muscles.
We never observed all cuticular parts together using
SEM and the thin lamellae of the fibularium were
twisted, so it gave the impression that the structure
is much more flattened compared to similar struc-
tures in living specimens.

On the other hand, many details were seen only
with SEM and these structures are still not well
understood, e.g., the free teeth between the main
jaws (ja2) and the dorsal jaws (ja3), the pseudodentes
(p.de), the trochanter (tr), and the spinula (sp) of the
dorsal jaws (see Figs. 16, 17). We have to admit that
our interpretation is preliminary and we may have
misinterpreted several structures, but otherwise we
hope the readers will understand that the complex-
ity of the jaw apparatus of Limnognathia maerski
is far beyond what is seen in other invertebrates
such as gnathostomulids, rotifers, and dorvilleid
polychaetes. For a comparison of the fine structure
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of their jaw apparatuses and that of Limnognathia,
see below.

We used a new terminology for the more impor-
tant cuticular parts of the jaw apparatus. We em-
ployed the Latin nomenclature in many general
structures, such as apophysis, fenestra, trochanter,
etc. Unfortunately, this nomenclature has been used
in gnathostomulids, and to some extent in rotifers as
well. We are still not sure if these structures are
homologous in the three groups, but the ultrastruc-
ture of some of the cuticular elements (Rieger and
Tyler, 1995) indicates that this is the case. The
following description of the main elements 1) the
basal plates, 2) the lamellae orales, 3) the ventral
jaws, 4) the main jaws, 5) the two fibularia, and 6)
the dorsal jaws is given from the ventral perspective
to the dorsal view (Figs. 8–17).

Basal Plates (ba)

A pair of molar-like structures (Figs. 9, 16, ba) is
located on the ventro-caudal part of the mouth open-
ing. These two structures can be extruded out from
the lower lips when the animal forages. The molar
structure is triangular in shape, with five cusps of
heavily sclerotized material. The two molars are the
first elements to be seen in optical sections with DIC
techniques (Figs. 11, 13) in ventral view. Each molar
is 2 mm wide and 1.5 mm high. The outer cuticular
part of the basal plates is fixed to thin jointed la-
mella plates, which continue inside the lower part of
the mouth cavity. The thin plates were not observed
with DIC optics, but were clearly seen in specimens
treated with sodium hypochlorite (Figs. 8, 9, 16, 17).
The thin lamellar parts are 4 mm long and are fused
rostrally with a 1.5 mm-long suture. Two large cross-
striated muscles seem to attach close to the molar
portion of the basal part. In connection with the
basal plates, five additional dentes oralis (de.o) are
seen in the SEM micrographs (Figs. 16, 17). These
structures were not observed by DIC optics and were
consequently omitted from Figure 9. They could
have been hidden by the outer cuticular rim of the
mouth opening itself.

Lamellae Orales

Lamellae orales were observed only in living ani-
mals and in the TEM micrographs. They consist of
two halfcone-shaped structures on the rostral part of
the mouth cavity. In ventral optical sections the
lamellae orales are seen as two arched upper lips
(Fig. 11). These structures may constitute a contin-
uous, folded cuticular membrane covering the upper
part of the mouth cavity. By DIC techniques (Fig.
11) the lamellae orales are seen as two arcs with
delicate striation. At least 13 folds are observed in
each arc. The lamellae orales support the dorsal
mouth cavity and prevent cavity collapse during
feeding. The lamellae orales quickly disappear in

the sodium hypochlorite bleaching process and the
collapsed lamellae can be seen as an extra,
membrane-like structure outside the cleaned jaw
apparatus (Figs. 13–15).

Ventral Jaws (Pseudophalangia)

The ventral jaws consist of two pairs of strongly
cuticularized elements, the pseudophalangia (ja1)
and the accessory sclerites (as1). These two elements
are joined with a ligament and a ball-and-socket
joint. Furthermore, a ligament connects the pseu-
dophalangium to the fibula ventralis of the fibu-
larium. Both ligaments and the large cross-striated
muscle disappeared when sodium hypochlorite was
added, and the pseudophalangium was found inde-
pendent from the rest of the jaw apparatus. The
accessory sclerite, on the other hand, stays attached
to the lateral part of the fibularium (Figs. 13, 14, 16,
17), even after the pseudophalangium disappears.
The link between the pseudophalangium, the fibu-
larium, and the accessory sclerite is much more com-
plicated than we have drawn in the squeezed prep-
aration of the jaw apparatus (Figs. 8, 9).

The pseudophalangium is a large sclerite and it
can be quite moveable, facilitated by the large cross-
striated muscles. The muscle attachment is formed
as a fenestra pseudophalangialis (fe.p) at the swol-
len base of the sclerite. Both pseudophalangia can be
protruded through the mouth opening under forag-
ing. In relaxed swimming behavior the two pseu-
dophalangia would be located latero-rostral of the
mouth opening (Figs. 8, 9). The tip of each pseu-
dophalangium consists of four large digits; in a few
specimens a fifth smaller digit also was observed as
a dorsal thumb. The length of the pseudophalan-
gium is 12 mm and the length of the accessory scle-
rite is 5 mm. Both structures are a hollow tube-like
structure in cross section (see below).

Main Jaws

The main jaws are pincer-like. The pincer consists
of the paired dentarium and the unpaired articu-
larium with the symphysis. Dorso-caudally the main
structure again is split into a symmetrical cauda
(Figs. 8, 9, 12, 15–17, ca), which is the apodeme for
the posterior pharyngeal muscle sac. Ventro-
caudally the symphysis (Figs. 9, 17, sy) continues as
an unpaired element. The fibularium, the largest
element in the jaw apparatus, attaches to the main
jaws laterally. The fibularium could be regarded as a
part of the main jaws, but will be treated separately
because of its complexity.

The dentarium is the teeth-bearing distal part
of the pincer. Each branch of the pincer has an
arc-shaped arrangement of teeth which can be
observed from a lateral view (Fig. 12). The ventral
arc (arcus ventralis) is prominent and possesses
five large teeth, the dentes ventrales (Fig. 9, d.ve).
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Figs. 8, 9. Limnognathia maerski nov. gen. et nov. sp. Semi-schematic drawings of the two pharyngeal apparatuses based on DIC
and SEM techniques. The drawings are constructed from two different animals. Fig. 8: Dorsal view. Fig. 9: Ventral view. as1, accessory
sclerite of ventral jaw (ja1); as2, accessory sclerite of dorsal jaw (ja3); ba, basal plate; ca, cauda; d.do, dentes dorsales; df, dorsal
fibularium; d.me, dentes mediales; d.se, dorsal serratum; d.te, dentes terminalis; d.ve, dentes ventrales; fd1-fd3, three fenestrae of
dorsal fibularium; fe.d, fenestra dentarialis; fe.p, fenestra pseudophalangialis, fe.s, fenestra symphysis; fi.d, fibula dorsalis; fi.v, fibula
ventralis; fl1-fl4, four fenestrae of lateral fibularium; fv1-fv2, two fenestrae of ventral fibularium; ja1, ventral jaw (pseudophalangium);
ja2, main jaw consisting of dentarium and articularium; ja3, dorsal jaw; lf, lateral fibularium; l.or, lamellae oralis; mo, mouth opening;
o.la, outer lamella of fibularium; pd1, pseudodigit of ventral jaw; pd2, pseudodigit of dorsal jaw; p.de, pseudodentes on the dorsal jaw;
sp, spinula of dorsal jaw; sy, symphysis of main jaw; tr, trochanter of dorsal jaw, vf, ventral fibularium.
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The dentation of the median part of the arc (Fig. 9,
d.me) remains beyond the resolution of the light
microscope (Fig. 12, d.me). With SEM, however, it
seems that three small dentes mediales are
present, and in TEM preparations even more teeth
are seen in cross section. The structure of the
dorsal arc is much more difficult to interpret.

When the dorsal arc (arcus dorsalis) is observed in
the light microscope with DIC optics (Fig. 12,
d.do), it seems to consist of a large tooth, the
dentes terminalis, followed by five tread-like
structures. When cleaned jaws are observed with
SEM, it is seen that the dentes terminalis are not
connected to the dorsal arc, but lie free at the

Figure 9
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surface (Fig. 16, d.te). We still believe it is the
same structure as seen by DIC optics, because the
dentes dorsalis (d.do) are also located superficially
as thin tread-like teeth on the dorsal arc.

Caudal to the arc-structure, the dorsal edge of the
dentarium has a serrated appearance. This dorsal
serratum (Figs. 8, 16, d.se) consists of 20 small saw
teeth on each side of the pincer-arms. Just before the
symphysis the dentarium has a pair of small holes
(Figs. 8, 16, fe.d). The symphysis continues ventrally
as an unpaired caudal part (Figs. 9, 14, 17, sy). The
dorsal part of the articularium is more complicated.
Behind the articulation of the two arms in the den-
tarium, is a 4 mm-long single piece of the articu-
larium. This lamella structure is penetrated by a
large hole, the fenestra symphysis (Figs. 8, 12, 15,
16, fe.s). The articularium has two symmetrical
cauda (ca). We believe that this structure is the
apodeme for the large caudal muscle-sac.

The Two Fibularia

The fibularium consists of cuticularized fibulae
and fenestrae. Each fenestra is a window with cel-
lular tissue surrounded by cuticle. The cellular part
is involved in forming the extracellular fibulae. The
unique fibularium is perhaps only a part of the ap-
ophysis of the main jaws as seen in some gnatho-
stomulids and rotifers, but in Limnognathia the
structure has developed to an extreme degree. The
fibularium in Limnognathia is a three-dimensional
structure that totally surrounds the main jaws as
three compartments: the ventral, lateral, and dorsal
fibularia.

The ventral fibularium is characterized by a
strong fibula ventralis (Figs. 9, 13, fi.v). This fibula
runs across the ventral fibularium as a straight bar
and it connects the basal parts of the pseudophalan-
gium. The epidermal cells in the ventral fibularium
have large nuclei and abundant cytoplasm (Figs. 10,
11). There are at least five ventral fenestrae with
large cells. The lateral fibularium has four fenestrae
whose cells have large nuclei. Each nucleus nearly
fills the lateral fenestra (Fig. 11). The fibulae of the
lateral fibularium are thin. We could only recognize
three fibulae of the dorsal fibularium. The fibula
dorsalis (Figs. 8, 14, 16, 17, fi.d) is thick and strongly
sclerotized.

The outer limit of the fibularium consists of a
thick lamella that can be seen as a nearly circular
dorsal structure (o.la) by DIC optics (Fig. 15) or as a
robust structure by SEM (Figs. 16, 17). The fibu-
larium is attached to the dentarium rostrally but is
embedded in the cellular tissue as an apophysial
structure in its caudal part.

Dorsal Jaw System

The pharyngeal channel passes through the two
arcs of the main jaws and continues dorso-caudally
to a short esophagus. Before entering the esophagus
the food particles must pass through the third jaw
system (ja3). The dorsal jaws are in many ways
similar to the pseudophalangia. These dorsal cutic-
ular structures consist of a pair of arm-shaped rods
(Figs. 8, 15–17, ja3). Rostrally, each arm has four
large digits, a smaller dorsal thumb-like digit, and
several small teeth, which could not be seen by light
microscopy. The caudal part of the dorsal jaw also
extends a ligament to an accessory sclerite (Fig. 8,
as2). The ligament disappears with sodium hypo-
chlorite treatment and the pair of accessory sclerites
is therefore missing in the SEM preparation (Figs.
16, 17).

The dorsal jaws are surely serially homologous
with the ventral jaws, but have a more complicated
structure. The jaws have a dorsal trochanter (tr) for
the attachment of a large striated muscle and a
midventral spinula (sp) attaching the fibula dorsalis
(fi.d). Furthermore, the caudal part is attached to
the outer lamina of the fibularium (Fig. 16, o.la). The
paired dorsal jaw system is also connected to the
fibularium in the sodium-hypochlorite-treated ani-
mals (Figs. 15–17).

Ultrastructural TEM Morphology

The ultrastructural observations by TEM are
based on trialdehyde-fixed materials (Figs. 18–33).
A few artifacts were clearly seen by TEM. The spa-
cious body cavity between the digestive system and
the epidermal cells (see Figs. 18, 22) is an artifact of
inappropriate fixation. The same osmotic problem
may be seen in the dorsal epidermal cells with the

Figs. 10–15. Limnognathia maerski nov. gen. et nov. sp. DIC
micrographs of jaws. Figs. 13–15. The jaw apparatus of the same
animal as Figure 11 treated with sodium hypochlorite. The dis-
solved lamellae oralis (l.or) is seen at the upper left corner in all
three photos. Fig. 10: Living animal, middorsal optical section,
strongly squeezed preparation. The dorsal fibularium (df) is at-
tached to the main jaws (ja2). Note the symphysis (sy) of the
articularium in the middle and the accessory sclerite (as1) of the
ventral jaw to the right. Fig. 11: Living animal, ventral optical
section focused on ventral jaws (ja1) with the accessory sclerite
(as1), lamellae oralis (l.or), and basal plates (ba). The fenestrae of
both the ventral (vf) and lateral fibularium (lf) contain several
nuclei (nu). Fig. 12: Strongly squeezed, osmium-fixed animal. To
the left a large cross-striated muscle (mu) seems to attach to the
dorsal jaw (ja3). The main jaws (ja2) are twisted. The arcs of the
dentarium with teeth (d.do, d.me, d.ve) are seen to the right. The
articularium with a large fenestra symphysis (fe.s) and the two
symmetrical arms of the cauda (ca) are recognized. Fig. 13: Ven-
tral optical section focused on the basal plates (ba), ventral jaw
(ja1), accessory sclerite (as2), and the strong fibula ventralis (fi.v)
in the ventral fibularium (vf). Fig. 14: Midventral optical section
focused on the ventral arc of dentarium with teeth (d.ve), the
symphysis (sy) of the articularium, the lateral (lf) and the dorsal
fibularium (df) with the strong cutilarized fibula (fi.d). Fig. 15:
Dorsal optical section focused on the dorsal jaw (ja3), the outer
lamella (o.la) of the fibularium and the symmetrical arms of the
cauda (ca). fe.s, fenestra symphysis.
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Figs. 16, 17. Limnognathia maerski nov. gen. et nov. sp. SEM. Jaw apparatus treated with sodium hypochlorite. The dorsal
fibularium (df) is twisted ventrally compared to the view in Figure 14. Note also: The ventral jaws (pseudophalangia), the accessory
sclerite, and lamellae oralis are lacking. Fig. 16: Dorsal view. Fig. 17: Lateral view. ar, articularium of main jaws (ja2); as1, accessory
sclerite to ventral jaw (which is lacking); ba, basal plates; ca, cauda; de, dentarium of main jaws (ja2); de.o, dentes oralis; d.se, dorsal
serratum; d.te, dentes terminales; fd1-fd3, fenestrae of dorsal fibularium; fe.d, fenestra dentarialis; fe.s, fenestra symphysis; fi.d, fibula
dorsalis; ja2, main jaws consisting of articularium (ar) and dentarium (de); ja3, dorsal jaw with pseudodentes (p.de), trochanter (tr) and
spinula (sp); o.la, outer lamella; sy, symphysis.
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plates and the nearly mature egg (Fig. 22). The thick
glycocalyx may also become separated from the ven-
tral ciliated cells, but otherwise the trialdehyde fix-
ation was excellent, especially for low magnifica-
tions of different cell structures.

Integumentary Structures

The main integumentary structures in all adult
females can be divided into the nonciliated dorsal
epidermis (dorsal and lateral plates) with an intra-
cellular matrix layer and into the ventral
locomotory/feeding organ with multiciliated epider-
mal cells covered with a glycocalyx. The glycocalyx
may be thin and simple or, as on the adhesive cili-
ated pad, thick and complex. Furthermore, the epi-
dermal sensory cells (sensoria) consist of monocili-
ary to multiciliary cells without a cuticle. The only
external cuticular structure is the ventral oral plate,
which is formed by nonciliated epidermal cells.
Other epidermal cells in the pharyngeal apparatus
produce hard cuticular parts (Fig. 23), but the ultra-
structure of these is treated in the section “Digestive
System,” below. All epidermal structures are non-
syncytial. Syncytia were not observed at all in Lim-
nognathia maerski.

Dorsal and Lateral Intracellular Plates

The dorsal epidermis in Limnognathia maerski is
cellular, unciliated, and generally 2–5 mm thick (Fig.
18, ep). In the sutures between the plates the epi-
dermis is much thinner, being less than 0.2 mm
thick. A very thin glycocalyx (120 nm) covers the cell
membranes of the epidermis (Fig. 21). Cell con-
stancy (eutely) might be present in the epidermis.
Two to four cells form each dorsal plate. The pro-
nounced apical plate seems to be formed by a single
large epidermal cell. The cell borders can be seen by
DIC optics through the plate structure as dotted
lines (Fig. 1). The dotted structure can be inter-
preted by TEM observations. It consists of two junc-
tions (Fig. 26, dj) with a distance of about 0.5 mm,
where the two cells form some interdigitations. The
cell processes from one cell extend deeply into the
apposing cell. Two other junctional complexes are
present between neighboring epidermal cells. Be-
tween the two middorsal epidermal cells, which
form the first dorsal plate in the thoracic region (Fig.
18, dp), a very characteristic cell junction complex is
present (Fig. 21). Distally, the two cells form a large
intercellular space (ic) distal to a gap junction,
which can be up to 0.5 mm long. A unique type of
septate junction is present between several dorso-
lateral epidermal cells (Fig. 19, zj) on the borders
between plates (see review, Green and Bergquist,
1982). The junction consists of three to seven
bridges, which open up like a zipper when the ani-
mal is treated with sodium hypochlorite, and the
plates are separating. We named this new type of

junction the zipper junction. The nucleus of the dor-
sal epidermal cells is round to oval and has hetero-
chromatin close to the nuclear membrane. The cyto-
plasm in these epidermal cells is osmiophobic, with
few vesicles and mitochondria (Figs. 18, 19).

The dorsal and lateral plates are situated inside
the epidermal cells. A plate consists of a conspicuous
intracellular matrix layer (Figs. 19, 21, im). The
matrix layer can be differentiated into a strongly
osmiophilic outer layer and a less osmiophilic inner
layer. The intracellular-matrix layer may range in
thickness from 0.1–0.3 mm. It has been very difficult
to observe the outer cell membrane of the epidermal
cell (Figs. 19, 26), but with high magnification the
cell membrane is seen as a typical unit membrane
consisting of two osmiophilic layers with an osmio-
phobic layer in between (Fig. 21, cm). The plate
structure is clearly located beneath the cell mem-
brane, and is therefore intracellular.

The lateral plates are formed like the dorsal
plates (Figs. 18, 20, lp) but they seem to be more
flexible than the thick dorsal plates. The lateral
plate continues to the ventral side, where the border
between the plate and the ciliated ventrum is easily
observed (Fig. 20). Usually, the lateral epidermis
forms one to two folds in the junction between the
plate structure and the stiff, flat ventrum.

Ventral Ciliated Epidermis

The ventrum has four quite different ciliated
structures: the preoral cilia field, the head cilio-
phores, the trunk ciliophores, and the adhesive cili-
ated pad (Figs. 2, 5, 6, 18, 22). The preoral ciliary
field consists of five rows of single cilia on both sides
of the head and two rows of fronto-lateral rows of
shorter cilia. The ciliary roots are relatively short.
These cilia are associated with a labyrinth of extra-
cellular membranes. Similar membrane structures
are seen in the pharyngeal apparatus associated
with the pharyngeal cilia. The cilia may work as a
broom during foraging, but they are clearly also
involved in swimming behavior. The four pairs of
head ciliophores are located lateral to the oral plate.
These ciliophores consist of rectangular cells with
stiff compound cilia. The ciliary roots are relatively
long.

The pairs of 18 trunk ciliophores are a unique
character for Limnognathia maerski. They are the
locomotory organ when the animal is creeping on the
substrate. Each cell has four rows of cilia, each with
about 20 stiff compound cilia. The beat of one row of
compound cilia is synchronized. Each cilium is sur-
rounded at its base by an extracellular ring of cuti-
cle. The same feature is seen in the adhesive ciliated
pad (Fig. 32, cu). Often, four ciliophores are seen in
cross section. There exist only two rows of cells, but
they overlap slightly, so the distal part of the ante-
rior row is also cut. The ciliophores are all covered
with a thick glycocalyx (Fig. 18, gx).
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