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Fig. 3 : Tholoarctus natans pedunculatus n.subsp. Adult female (holotype) ventral view.
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Fig. 4 : Tholoarctus natans subspecies pedunculatus n. subsp. A - Adult male ventral view . B - Adult female first
leg. C - Second stage larva first leg. D - First stage larva first leg. E Primary clava and lateral cirrus.
F - P,. G - Adult female caudal ventral region.
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Fig. 5 : Tholoarctus natans subspecies pedunculatus n. subsp. Fourth pair leg. Peduncles are visible in all the
digits (Scale bar = 10 pm).

TABLE I

Measurements (in pm) of the adults of Tholoarctus natans pedunculatus n.subsp.

n min max X female male
holotype allotype

L 6 160 320 229 225 ., 165
W 4 83 140 106 115 90
mC 4 22 26 24 14 17
iC 4 23 34 28 22 24
eC 4 27 45 33 34 27
IC 3 40 54 46 46 39
Chi 4 8 10 9 10 7
Cl2 4 22 27 23 21 19
CE 4 4] 50 46 63 50
P, 1 17 17 17 23 15
P, 15 19
1De 2 8 10 9 5
1Di 2 12 15 13 9
4De 4 8 12 9 6
4Di 4 15 22 18 16 14
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Tholoarctus natans pedunculatus n. subsp.

Diagnosis :

Tholoarctus natans with peduncles on all the digits and with eye-spots.

Holotype : mature female (Fig. 3, Tab. II), 225 um long and 115 pm wide (the width
without the cuticle is 82 pm ).

The barrel-shaped epicuticle is separated from the cuticle all around the body. It extends
at the anterior end with a large fold which almost completely covers the cephalic region ;
the dorsal and ventral cuticle is uniformly punctuated. Cuticular pillars present also on the
legs.

All the cephalic cirri consist of two parts : scapus and flagellum. The medial cirrus is
dorsal : its scapus is 4 wm long, whereas the flagellum is 8 wm ; it has a 2 pwm basal cirro-
phorus. The internal cirri (6 + 16 pm) are dorsal and the external ones (14 + 20 pwm) are
ventral.

The lateral cirrus (11 + 35 pm) is dorsal to the primary clava ; the latter (10 + 7 um) is
ovoid and slightly enlarged at its base where a Van der Land’s body can be observed ; late-
ral cirrus and primary clava are surrounded by a common cuticular fold (Fig. 4 E).

The secondary clava is large and kidney-shaped (21 + 8 wm) ; it surrounds the external
cirrus base, extending from the internal cirrus to the primary clava.

Eyes are present (Fig. 4 A).

Only the first and fourth pairs of legs have sensory organs ; the first leg sense organ (P,)
is very long and consists of scapus (8 (m) and flagellum (15 pm) ; the sense organ of the
fourth leg (P,), similar to the primary clava, consists of a pear-shaped proximal portion
(9 x 5 um) and a tubular terminal spine (6 Wm) ; it is almost completely inclosed in a cuti-
cular fold (Fig. 4 F).

Cirrus E consists of scapus (8 um) and flagellum (55 pm) ; the scapus, with an accor-
dion plated portion, is contained within a bell-shaped cuticular fold.

Each leg ends with four digits. In the first three pairs of legs the external digits (7 pm)
have peduncles with two small lateral processes at 1/4 of their length, whereas at 1/2 of
their length they become so thin as to be indistinguishable ; the peduncle proximal part is
spoon-shaped. The internal digits (10 wm) have proximal heart-shaped pads and very thin
simple rod-shaped peduncles. All the peduncles reach the claw bases. The digi?s, peduncles
and claws of the fourth pair, are longer and larger ; the peduncles, in particular, are much
more evident (Fig. 5). The internal and external claws are similar : they have two accessory
hooks : one dorsal and one internal near the base.

The claw sheath is very large and completely covers the claw.

The rosette-shaped gonopore is partially covered with two large cuticular folds
(Fig. 4 G). On each side of the gonopore are the openings of the seminal receptacles each
consisting of a vesicular latero-dorsal portion and a slightly sinuous ventral duct.

The anus is located at the posterior end between the fourth pair of legs.

The distance between anus and gonopore is 8 pwm.



HETEROTARDIGRADA FROM THE WESTERN MEDITERRANEAN SEA 309

Type locality : Orosei Gulf, Sardinia (Sample 13/D collected in September 1985).

Ecology : subtidal, - 30, - 40 m of depth, in coralligenous detritus.

Allotype : mature male, 165 um long and 90 pm wide (the width without the cuticle is
56 wm) (Fig. 4 ; Tab. II). The general body shape is as in the female, with the epicuticle
almost completely separated from the cuticle, all around the body.

TABLE III

Measurements (in pm) of larval stages of Tholoarctus natans pedunculatus n. subsp.

Ist stage 2nd stage
n min max X

L 125 4 145 230 183
w 65 4 65 92 78
mC
iC 18 3 16 25 19
eC 23 3 25 33 30
IC 3 33 49 38
Ch 8 3 10 11 10
Clz 2 16 23 19
CE 37 4 40 65 50
P
P,
1De
1Di 10
4De 1 6 6 6
4Di 14 1 12 12 12

The shape and length of the cephalic cirri is as in the holotype : medial cirrus 17 pm,
internal cirri 24 pm, external cirri 31 um (15 + 16 pum), lateral cirri 39 wm (10 + 29 pum)
and primary clavae 7 x 9 um. The primary clava is pear-shaped. The secondary clava is
19 um long and 5 um wide and lens-shaped. It is more flattened than in the female and
extends from the internal cirrus to the primary clava base.

In the male the external claws are simple, whereas the internal ones havema dorsal spur
and a ventral accessory hook.

The gonopore is covered with a crescent fold which can protrude to became a tubular
copulatory organ.

Type locality : Orosei Gulf, Sardinia (Sample 33/D), collected in May 1988.

Ecology : subtidal, - 80, - 100 m of depth, in coralligenous detritus with sand.

Paratypes (Tab. III)

First stage larva 125 pm long and 45 wm wide (with the cuticle the width is 65 pum). This
specimen also has the general body shape of the adults, with a cuticle which almost com-
pletely envelops the body.
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Only two toes are present ; they have the same length as the medial ones of the adults
(14 pum in the fourth pair). They have very thin rod-shaped peduncles, which become thin-
ner towards the claws (Fig. 4 D).

The claws, completely contained within the claw sheath, have a dorsal spur and an inter-
nal basal accessory point.

Neither anus, nor gonopore are present.

Type locality : Orosei Gulf, Sardinia, sample D/1 collected in May 1988.

Ecology : subtidal, - 5,- 20 m of depth, in sand of a Posidonia meadow.

The second stage larva is like the adult with the exception of the gonopore which is still
not present.

Type locality : Orosei Gulf, Sardinia, samples E/9, SF, CP, collected in September 1985
and May 1988.

Ecology : subtidale, - 50, - 60 m of depth in coralligenous detritus (Sample 13/E), - 38 m
of depth in sandy detritus covered with green algae (Sample SF) - 52 m of depth in organo-
genous detritus (Sample CP).

Type material : holotype : slide C/2 308095 ; allotype : slide D/4 308099 ; paratypes :
one first stage larva : slide D/1 309003 ; four second stage larvae : slides E/9 309002,
SF 308094, CP 308092, CP 309004 in authors’ collection.

Discussion

The thyrrhenian Tholoarctus shows strong affinities with Tholoarctus natans natans
Kristensen & Renaud-Mornant, 1983, Styraconyx testudo D’Addabbo et al., 1984 and
S. givitog Kristensen & Higgins, 1984, but it differs from these species mainly in the pre-
sence of evident peduncles in all the toes and eyes. The medial toe peduncles are very thin
and rod like. Furthermore they become much more slender near the claw base, though they
are always evident. The external digit peduncles have a spoon-shaped proximal part, whe-
reas the distal portion, which nearly reaches the claw base, becomes gradually thinner in the
terminal part of the finger. The development of the cuticle is like in 7. natans natans, much
more evident than in S. testudo and S. givitoq, also in the ventral as well as in the dorsal
region. As in T. natans natans, there are only P, and P, and this can be considered an
important distinctive characteristic, because in S. testudo the leg appendages are P, P,, P,
and P,. Slight differences in the size or shape of the primary and secondary clavae are not
sufficient to create a new species, but we believe that the presence of the ped?mcles in all
the toes, and eyes could be sufficient to designate the new Mediterranean subspecies
Tholoarctus natans pedunculatus.

Echiniscoides bruni n.sp.

E. sigismundi is a cosmopolitan species (Pollock, 1975) which for a long time was also
the one species of the genus. Renaud-Mornant in 1976 described the subspecies E. sigis-
mundi polynesiensis and then Kristensen and Hallas (1980) the neotype E. sigismundi sigis-
mundi with the other subspecies E. s. groenlandicus, E. s. galliensis, E. s. hispaniensis and
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E. s. mediterranicus, and the new species E. hoepneri. In 1981 Bellido and Bertrand descri-
bed E. travei from Kerguelen. In 1982 Hallas and Kristensen found the two new species
E. higginsi and E. pollocki.

The three specimens of Echiniscoides found in the Orosei Gulf have such evident pecu-
liarities as to allow the istitution of the new species E. bruni.

Family Echiniscoididae Kristensen & Hallas, 1980

Diagnosis :

Unplated marine Echiniscoidea Marcus, 1927, without toes. Secondary clava dome-sha-
ped or indistinct. Other cephalic appendages and leg appendages small. Cirri A and E simi-
lar. The fourth leg appendage (P,) is papillar like the primary clava.

Genus Echiniscoides Plate, 1889 (emended Hallas & Kristensen, 1980)

Echiniscoididae with more than four claws on each leg in adult specimens. Claw without
spurs. Tidal or subtidal form.

Type species : Echiniscoides sigismundi (M. Schultze, 1865).
Echiniscoides bruni. n. sp. (Figs 6, 7, 8 ; Tables. IV and V).

Etymology : dedicated to the marine biologist Bruno Scotto di Carlo who died in 1989.
Diagnosis :

Echiniscoides with dorsal cuticle strongly sculptured. Sculptures consisting of polygonal
plates arranged in parallel lines, all round the body. No pillars are evident in the cuticle. All
the legs in the adults have ten claws, whereas in the first stage larvae the claw formula is
eight, seven, seven, eight. Lateral cephalic projections are small or not evident. Eyes are
present. The secondary clava is lens-shaped. Sense organs are present on the first, third and
fourth pair of legs.

Holotype : adult female, 188 wm long and 75 pum wide (Tab. IV). The cephalic head
shape is as normal for the genus, without lateral projections (Figs. 6, 7).

The cephalic apendages are : internal, external and lateral cirri, primary and secondary
clavae. =

The internal cirri, which are dorsal, are very small (3.8 wm) and consist of a short
2.5 um basal papilla with a terminal tuft of a few short setae (1.3 wm).

The external ventral cirri (2.5 pm) are like the internal ones.

The lateral cirri are 12 pm long and have evident annulated bases. The primary clava
(4 x 4 um), close to the lateral cirrus, has a van der Land’s body inside its base and a termi-
nal pore (Figs. 7, 8).

The secondary clava is lens shaped, 11 um wide and 3.3 pum thick, attached directly to
the head.

The mouth opening is terminal with an evident peribuccal ring ; the pharyngeal tube,
CaC0, incrusted, is 43 um long ; the stilets are 46 im long with 30 pm sheaths.
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Fig. 6 : Echiniscoides bruni. n.sp. Adult female (holotype) ventral view.

The buccal canal ends in the pharyngeal bulb (23 x 26 um) with three shgrt placoids
(14 pm).

All the legs have ten claws. The claws are of different lengths : the external ones are the
shortest (5 wm), whereas the central ones are the longest (8§ wm). The mean length of the
two or three central claws as a percentage of total body length (R)) is 4.5 %, whereas the
shortest claw length as a percentage of the longest claw length (R,) is between 62 % and
68 % (Tab. V). All the claws are without spurs.

Leg appendages are present on the first, third and fourth pair.

The first leg appendage (P,) is 10 wm long ; it is like the lateral cirrus, the P, (7 ium long)
is like the P,, whereas the P, (3 x 4 um) is like the primary clava with the terminal opening
and a Van der Land’s body (Fig. 7 C).
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Fig. 7 : Echiniscoides bruni. n.sp. A - Adult male ventral view. B - Primary clava and lateral cirrus. C - Cirrus E
and P, ; D - Cuticular sculpture. E - External and internal claws. F - Second pair leg.
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Fig. 8 : Echiniscoides bruni. n.sp. Cephalic region with primary clava and lateral cirrus. Clearly visible the cuticu-
lar sculpture (Scale bar = 10 pm).

The cirri E, which are 14 pm long, have the same shape as the lateral Cirri with an
evident basal annulation.

The dorsal cuticle is strongly sculptured with poligonal smooth plates arranged in paral-
lel lines. No pillars are evident in the cuticular plates (Fig. 7 D).

The anal opening is covered by two large lateral plates and a very small caudal one. The
rosette-like gonopore is surrounded by 6 units so thick and inflated that the gonopore pro-
trudes from the ventral cuticle (Fig. 6).

In the ventral region there are three asterisk-like medial holes, at the same level as the
first three pairs of legs. They could be the external marks of internal apodemes. Type locali-
ty : Orosei Gulf, Sardinia (Sample 13D) collected in September 1985.
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TABLE IV

Measurements (in wm) of Echiniscoides bruni n. sp.

Adults Larva
holotype allotype paratype
female male 1st stage

L 183 158 93
w 75 65 39
iC 32 3 4
eC 2.5 24 33
IC 12 10.2 5
Cl 4 2 3
Cl, 11 9 6.6
pt 46 44 31
ph 23 22 10
pl 14 12 7
P, 2.5 L 2.6
P; 7 6.5 4.6
P, 2 3 1.5
CE 14 14 10
Ccw 5/9 5/10 3/5

*observed, but not measured

Ecology : subtidale, - 30, - 40 m of depth, in coralligenous detritus.

Allotype : adult male 158 pm long and 65 pm wide. No evident sexual dimorphism has
been observed. Only the ratios, R, and R, are different from those of the female : R, is bet-
ween 50 % and 71 % and R, is 5.5 % because of the shorter body length and the greater
claw length (Tab. V). The gonopore is circular and covered by a crescent fold.

Type locality : Orosei Gulf, Sardinia (Sample S. F.) collected in September 1985.

Ecology : subtidale, - 38 m of depth, in sandy detritus covered with green algae.

Paratype : a first stage larva from the same locality as the allotype. In the first stage larva
the cuticle is like that of the adult, whereas the claw formula (8, 7, 7, 8) is different.
Furthermore there is neither anus nor gonopore. '

Type material : holotype, slide 13 D 309010 ; allotype slide SF. 15 305008, paratype
slide SF. 24 309009 in authors’ collection.

Discussion

Because of its length, E. bruni, can be classified as a small sized Echiniscoides, the two
adults found (a male and a female) do not reach 200 wm. Its most evident peculiarities are :

- the same claw number (ten) on each leg, in the adults, whereas in the first stage larva
the claw formulais 8, 7,7, 8 ;

- the cuticle morphology, which is the same all round the body, with polygonal and
smooth plates arranged in trasverse lines ; no pillars are evident in the cuticular plates ;
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TABLE V

Echiniscoides bruni n.sp. Measurements in pm of the claw length in the [, II, IIT and IV pair of legs and ratios R
(mean length of two or three central claws as a percentage of total body length) and R, (shortest claw length as a
percentage of the longest claw length).

FEMALE
I II I1 v v
1 S 3 6
2 7 7 7
3 7 7 8
4 8 8 5 8 9
5 8 8 8 9 9
6 8 8 8 9 9
7 8 8 8 9 9
8 7 8 8 8 9
9 7 7 Ui 7 7
10 5 6 5 6 6
R,:45
R,: 62.5 63 66
MALE
| II 1 v v
1 5 5 5 4 5
2 7 7 7 7
3 & 8 7 8 9
4 Vi 8 7 10 10
S 8 8 7 10 10
6 9 7 10 10
7 8 8 10 9
'8 7 8 9 9
9 7 7 8 8 8
10 5 5 5 6 5
R 5.5
R, 62.5 58.8 71 50 50
LARVA
[ I 11 III v
1 3 3 3 4 3
2 4 4 4 4 4
3 4 4 4 4 4
4 4 4 4 5 4
5 4 4 4 5 4
6 4 4 5 4 p
7 4 3 4 4
8 3 3
R;:45
R,: 75 75 75 88 74

- the P, and P, which are setae as the internal and external cephalic cirri, whereas the P,
is like the primary clava.

The claw formula of the adults of Echiniscoides bruni does not occur in other species of
the genus, even though ten claws are present in some pairs of legs in other species of
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Echiniscoides such as E. sigismundi sigismundi, E. s. galliensi, E. s. groenlandicus, E. s.
mediterranicus (Kristensen & Hallas, 1980) and E. fravei.

The same number on all the legs is present in E. higginsi (Hallas and Kristensen 1982),
but in this species the claw formula is 6, 6, 6, 6 and this low number reveals that E bruni is
phylogenetically quite distant from E. higginsi. The presence of the leg appendages P, P,
and P, is unique in the genus Echiniscoides and, furthermore, P, and P, are both setae like
the internal and external cephalic cirri, representing another peculiarity of the new species.
It is interesting to consider the morphology of the lateral and E cirri which, as in E. sigis-
mundi polynesiensis, E. higginsi and E. pollocki, have cleary annulated bases (Renaud-
Mornant, 1976). They are very similar to the somatic cirri of some species of Coronarctidae
and this peculiar shape must be considered a plesiomorphic characteristic which, as sugges-
ted by Renaud-Mornant (1987 b), is frequently present in the Arthrotardigrada.

Only three specimens (two of which are adults) have been found and observed.
Nevertheless, considering the above mentioned peculiarity, we can conclude that the sardi-
nian Echiniscoides is a new species.

ABBREVIATIONS :
L Total body length P; Ist leg spine
W Body width P, 3rd leg spine
pt pharyngeal tube | 4th leg spine
ph pharyngeal bulb CE Cirrus E
mC medial Cirrus A-G Distance anus-gonopore
iC internal Cirrus Cw Claw length
eC external Cirrus 1De First pair of leg external digit
1P lateral Process 1Di First pair of leg internal digit
1C lateral Cirrus 4De Fourth pair of leg external digit
Cli primary Clava 4Di Fourth pair of leg internal digit
Cl secondary Clava
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