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Revision of Styraconyx
(Tardigrada: Halechiniscidae),

with Descriptions of Two New Species
from Disko Bay, West Greenland

Reinhardt M0bjerg Kristensen and Robert P. Higgins

Introduction

In the last ten years there have been many
discoveries of new genera of Heterotardigrada,
which, on a generic level, is predominantly a
marine class of the phylum Tardigrada. Some of
the genera such as Echiniscoides Plate, 1889, pre-
viously considered to be both cosmopolitan and
monotypic (Pollock, 1975), have been studied
more intensively (Renaud-Mornant, 1976; Kris-
tensen and Hallas, 1980; Bellido and Bertrand,
1981; Hallas and Kristensen, 1982). In the latter
instance, the genus now consists of five species
with six subspecies, none of which are cosmopol-
itan. Sterrer (1973) and Higgins (1983) have
reached the same general conclusion that meio-
faunal species may not be as cosmopolitan as
formerly believed. In this publication we attempt
to clarify the status of those species that comprise
the genus Styraconyx and to discuss their relation-
ships with two closely related genera, Pleocola
Cantacuzene, 1951, and Bathyechiniscus Steiner,
1926.

Reinhardt Mjbjerg Kristensen, Institute of Cell Biology and Anatomy,
University of Copenhagen, DK-2100 Copenhagen, Denmark (post-
doctoral fellow, Department of Invertebrate Zoology, National Museum
of Natural History, Smithsonian Institution). Robert P. Higgins,
Department of Invertebrate Zoology, National Museum of Natural
History, Smithsonian Institution, Washington, D.C. 20560.

HISTORICAL REVIEW.—The genus Styraconyx
was established by Thulin (1942) with the de-
scription of S. haploceros (type-species) from St.
Malo, France, and S. sargassi from the Azores.
The latter species originally was recorded and
illustrated by Marcus (1936), and later by Ma-
thews (1938) as Bathyechiniscus tetronyx Steiner,
1926. Bathyechiniscus had been described originally
from a single specimen found in Antarctic mud
at 385 m depth. Thulin (1942) indicated that the
B. tetronyx specimens of Marcus were more similar
to his material of Styraconyx, especially regarding
the claws. Marcus subsequently agreed with Thu-
lin's assessment as indicated by his relabeling of
his microslides as Styraconyx sargassi. Later, Eveline
du Bois-Reymond Marcus (1952, 1960), pub-
lished illustrations of the feet and claws from the
type material of S. sargassi and noted similarities
of head structures between S. sargassi and S. hap-
loceros. The unnumbered illustration of Mathews
(1938) is sufficient to identify the specimens he
collected from algae (Dictyota) found in coastal
California, USA, as conspecific with those of
Marcus (1936).

Chitwood (1951, 1954) reported tardigrades
with transverse plates (= dorsal ridges?) from
sediment at Aransas Bay, Texas, and algae (Sar~
gassum) from Cedar Bayou, Texas, USA. Appar-
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ently ignoring the work of Thulin, 1942, Chit-
wood identified his specimens as Bathyechiniscus
tetronyx. Careful inspection of his illustrations in-
dicates that he may have had two different spe-
cies, a possibility that is supported further by the
fact that the specimens came from two different
substrates. Since Chitwood's material no longer
exists, one can only suggest that he found one (S.
sargassi?) and possibly two species of Styraconyx.

Rodriguez-Roda (1947, 1952) collected a spe-
cies of Styraconyx from several localities along the
Spanish coast of the Mediterranean Sea; he iden-
tified them as B. tetronyx. Based on Rodriguez-
Roda's photomicrographs, however, du Bois-Rey-
mond Marcus (1952) suggested that they were S.
sargassi.

In 1971, Robotti described a new species, S.
paulae from Stromboli, Italy. His species is closely
related to 5. sargassi.

Renaud-Mornant, after studying collections of
Styraconyx from the Pacific Ocean (Renaud-Mor-
nant, 1967, 1976) and the Indian Ocean (Re-
naud-Mornant, 1979), noted geographic varia-
tion in the shape of the primary clavae within
different Pacific Ocean populations. Based on
these observations Renaud-Mornant (1981b) es-
tablished two subspecies, S. kristenseni kristenseni
and S. kristenseni neocaledoniensis.

Recently, Pollock (1983) described a new
species of Styraconyxinae from algae naming it
Bathyechiniscus craticulus. Additionally, he synony-
mized Styraconyx sargassi, S. paulae, and S. kristenseni
with Bathyechiniscus tetronyx, perhaps being una-
ware of Renaud-Mornant's (1981b) reexamina-
tion of her own material. Another species,
Styraconyx hallasi, Kristensen, 1977, was changed
to Bathyechiniscus hallasi by Pollock (1983) thereby
leaving S. haploceros, the type-species, as the only
member of the genus. Pollock's investigation was
the first of its kind to be based on many speci-
mens, but the type material of other species of
Styraconyxinae was not studied by him.

The first arctic species of Styraconyx, S. hallasi,
was found in a homothermal spring on Disko
Island, West Greenland (Kristensen, 1977). In
1981, we discovered two new species of Styraconyx
during our stay at the Danish Arctic Station on

Disko Island. In addition to the type material of
S. haploceros, S. sargassi, S. hallasi, and Bathyechin-
iscus craticulus, we have examined new material of
S. kristenseni and B. craticulus found in coralline
sand and algae from the Red Sea, the East Coast
of Australia, several islands of the Coral Sea
Islands Territory (Australia), the Chesterfield
Reefs (Coral Sea), and New Zealand. Study of
the above material has led us to the conclusion
that the genus Styraconyx requires revision, which
is the primary purpose of this paper. Since Kris-
tensen (1977) indicated that Styraconyx is a sister
group to Pleocola Cantacuzene, 1951, van der
Land (1975) and Kristensen (1980) have demon-
strated strong similarities between Styraconyx and
Tetrakentron Cuenot, 1892. We also discuss the
phylogenetic relationships between the genera of
the subfamily Styraconyxinae.

METHODS.—The descriptions of the two new
species of Styraconyx are based on material col-
lected with a Higgins Meiobenthic Dredge,
which, while intended for soft sediment in Disko
Bay, encountered a shell-gravel and rocky rubble
substrate at 70 m depth near a group of small
rock outcrops known as Kronprinsens Ejland,
south of Disko Island, 15 September 1981. On 27
July 1982, Kristensen used a special rock dredge
with a strong canvas bag to collect more of the
same kind of substrate, this time near Udkiggen,
Godhavn, Disko Island at 110 m depth. In both
instances, the substrate was a mixture of bryozoan
colonies on small pieces of rock mixed with shell-
gravel. The first sample (about 250 ml volume)
contained more than 50 specimens. The second
sample (about 50 kg) produced more than 100
specimens. The first sample was fixed immedi-
ately after its collection in 4% buffered formalin;
the second sample was immersed in fresh water
for a few seconds in order osmotically to shock
the tardigrades, thereby causing their release from
the substrate, and to allow easy extraction by
decantation of the detritus through a 62 jum mesh
net. Some of these specimens were fixed in 4%
buffered formalin, others in Bouin's. The latter
fixative allows better examination of internal
glandular structures. Some specimens were ob-
served alive on the bryozoan colonies.
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Photomicrographs were made with a Zeiss in-
terference contrast microscope of fixed specimens
stained either with methyl green in water or
osmium tetroxide vapor. Formalin-fixed material
was used to prepare specimens for examination
by scanning electron microscopy (SEM). The
animals had a sticky mucous coat to which detri-
tus adhered; therefore, they were immersed in an
ultrasonic cleaning device before being trans-
ferred through an ethynol dehydration series cul-
minating in absolute ethynol. Specimens were
dried in a critical point depression apparatus
using carbon dioxide. They were then mounted
on thin glass coverslips coated on one side with
Elmer's glue, fixed to aluminum SEM stubs, and
coated with carbon and gold-platinum. Scanning
electron microscope examinations were made
with a Cambridge Stereoscan 250 Mk 2.

The type material of the two new species was
mounted in glycerin. Holotypes (female) and al-
lotypes (male) were illustrated with the aid of a
camera lucida and SEM photographs. The types
of Styraconyx haploceros (four specimens) had been
mounted in glycerin-jelly by Thulin (1942). That
of S. sargassi had been mounted originally by
Marcus in formalin, which had dried. Specimens
were rehydrated and transferred through gly-
cerin-alcohol to glycerin. One specimen was
mounted in glycerin, and three in a modified
Hoyer's medium (Higgins, 1983). The types of S.
hallasi (three specimens) were mounted in poly-
vinyl-lactophenol after being stained with os-
mium tetroxide. The type material of Bathyechin-
iscus craticulus was mounted by Pollock (1983) in
glycerin. All other specimens mentioned in this
publication were mounted in either glycerin or
polyvinyl-lactophenol.

Specimens of new species have been deposited
in the Zoological Museum of Copenhagen, Den-
mark; in the Museum National d'Histoire Natu-
relle (MNHN), Paris, France; and in the National
Museum of Natural History, Smithsonian Insti-
tution, under the catalog numbers of the former
United States National Museum (USNM).
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Order HETEROTARDIGRADA Marcus, 1927

Suborder ARTHROTARDIGRADA Marcus, 1927

Family HALECHINISCIDAE Thulin, 1928

DIAGNOSIS. — Arthrotardigrades without
strongly sclerotized dorsal segmental plates. Ce-
phalic appendages complete; secondary clavae
sometimes club-shaped, transformed into an in-
distinct dome, or may be totally lacking. Each leg
of adult with four digits bearing claws.

COMPOSITION.—The family Halechiniscidae
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has been divided recently into four subfamilies.
The first, Halechiniscinae Thulin, 1928, is a
paraphyletic ancestral group containing four gen-
era: Microlyda Hay, 1906 (=Lydella Dujardin,
1851); Halechiniscus Richters, 1908; Echinursellus
Iharos, 1968, and Euclavarctus Renaud-Mornant,
1975. The second subfamily, Tanarctinae Re-
naud-Mornant, 1980, is a monophyletic group
consisting of two genera: Actinarctus Schultz, 1935,
and Tanarctus Renaud-Debyser, 1959. The third
subfamily, Floraractinae Renaud-Mornant,
1982(b), is a monophyletic group consisting of
two genera: Florarctus Delamare Deboutteville
and Renaud-Mornant, 1965; and Ligiarctus Re-
naud-Mornant, 1982(b). The fourth subfamily
Styraconyxinae Kristensen and Renaud-Mor-
nant, 1983, is also a monophyletic group consist-
ing of nine genera: Tetrakentron Cuenot, 1892;
Bathyechiniscus Steiner, 1926; Styraconyx Thulin,
1942; Pleocola Cantacuzene, 1951; Angursa
Pollock, 1979(b); Raiarctus Renaud-Mornant,
1981 (a); Tholoarctus Kristensen and Renaud-Mor-
nant, 1983; Lepoarctus Kristensen and Renaud-
Mornant, 1983; and Rhomboarctus Renaud-Mor-
nant, 1983.

Subfamily STYRACONYXINAE

Kristensen and Renaud-Mornant, 1983

DIAGNOSIS.—Halechiniscidae with two or four
peduncles on four digits. Either internal pedun-
cles absent or heart-shaped proximal pad present.
Three to four hooks present on each claw, some-
times secondarily reduced to only one or two
hooks. Claws retractable into membranous
sheath. Secondary clavae normally reduced or
lacking. Cirrus A and cirrus E similar; primary
clavae and sense organs of the fourth leg also
similar. The cuticle is variable, but dorsal cuti-
cular plates are never present.

REMARKS.—The subfamily Styraconyxinae is a
monophyletic group that demonstrates some con-
vergence with other groups of Arthrotardigrada,
for example Raiarctus (Styraconyxinae) and Acti-
narctus (Tanarctininae), both of which have de-
veloped long thin pillars in the epicuticle.

The ancestral Styraconyxinae are assumed to
have had 3-pointed claws with peduncles (Fig-
ures 45, 46) on all four digits. Styraconyxids with
simple claws and only external peduncles (Figures
23,47-50) are postulated to be the most advanced
members of the subfamily. An evolutionary trend
within the genus Styraconyx indicates that such a
postulated reduction is highly plausible. Simple
claws, or claws with vestigeal secondary hooks,
must have developed several times with conver-
gence in Pleocola and Lepoarctus, as well as in
Rhomboarctus, Renaud-Mornant, 1983, a genus
closely related to Raiarctus. The special type of
peduncle found on all four digits in members of
this subfamily is unique. Note that in the original
description of Bathyechiniscus, peduncles are not
mentioned, but their presence is likely.

A very special hook-shaped peduncle is found
in the subfamily Florarctinae. The reduction from
four to two peduncles in the Styraconyxinae per-
haps has happened only once in the group, as has
the development of the two posteriorly situated
heart-shaped pads on the internal digits. These
heart-shaped pads (Figure 47) are present in Pleo-
cola, Angursa, Raiarctus, Tholoarctus, Lepoarctus, and

in most of the species of Styraconyx. This character
must be considered as an autapomorphy within
the subfamily. Dome-shaped secondary clavae
(Figure 32), sense organs on all legs, the presence
of stylet supports (Figure 22), placoids (Figures
13, 22), and a typical halechiniscid cuticle are
considered plesiomorphic characters for the
subfamily. The absence of a spine on legs 2 and
3 in Angursa and Tholoarctus, and reduced spines
in Lepoarctus, are considered to be autapomorphic
features. The body wall in all three genera is very
slender. Angursa can be considered as a sister
group to Tholoarctus and Lepoarctus. The lack of
real placoids in Tetrakentron, Tholoarctus, and Le-
poarctus has resulted from a convergence, as has
the enlargement of the secondary clavae. How-
ever, in most characters we have no basis for
determining convergence or autapomorphy. The
lack of pillars (Kristensen, 1980) in Tetrakentron is
an apomorphic character, as is the lack of the
stylet support and real placoids in this parasitic
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monotypic genus. The reduction of the sense
organs, however, is also found in intertidal taxa.
Styraconyx haploceros, found in halophilous lichens,

exhibits the same reductions, seemingly as a form
of special adaptation to a more terrestrial way of
life.

Key to the Genera of Styraconyxinae

1. Cuticle with long thin pillars in the epicuticle of the lateral body wall . 2
Cuticle without long thin pillars in the epicuticle 3

2. With 3-pointed claws (primary clavae round or short, secondary clavae
reduced, body dorsoventrally flattened) Raiarctus

With simple claws (with vestigeal secondary hooks) Rhomboarctus
3. Pillars absent in enlarged, double cuticle (body flattened, parasitic on

Leptosynapta galliennei) Tetrakentron
Pillars small, present in enlarged or not, double or single cuticle 4

4. Claws 4-pointed, peduncles not seen (body slender, primary clavae lanceo-
late-elongate) Bathyechiniscus

Claws 3-pointed or less, peduncles present 5
5. Claws 3-pointed (males and juveniles with simple claws on external

digits) 6
Claws 1- or 2-pointed 7

6. Body robust, spines present on all legs Styraconyx
Body slender (with enlarged bell-shaped cuticle), spines present on first and

fourth legs only [as in couplets 7 and 8] Tholoarctus
7. Claws 2-pointed with point divergent, median cirrus abortive (body smooth

and slender) Angursa
Claws simple, median cirrus long 8

8. Cuticle not separated into two layers (typical halechiniscid cuticle), primary
clavae round or oval Pleocola

Cuticle separated into two layers, epicuticle enlarged, primary clavae with
cup-shaped cirrophore Lepoarctus

Genus Styraconyx Thulin, 1942

Styraconyx Thulin, 1942:1-9, figs. 1-4 [type-species: Styraconyx
haploceros Thulin, 1942, by original designation; gender:
masculine].

EMENDED DIAGNOSIS (adult).—Halechiniscidae

with four digits. External digits always supported
by peduncles; internal digits with proximal pads,
peduncles present or absent. Claws, with three
exposed points (hooks), may be retracted within
claw sheath (Figures 24, 45). Dorsal cuticular
plates absent although grid-like pattern of 18-23
folds sometimes present on epicuticle. Complete
set of cephalic cirri always present (Figure 1);
configuration of primary clavae and lateral cirri

variable, arising from distinct lateral extension or
directly from head; secondary clavae occurring as
indistinct flat sacs or dome-shaped papillae. Sty-
let supports, stylets, and placoids present. Spines
present on legs i—in, clavoid papillae, each with
spine, on fourth legs. Paired seminal receptacles
with ducts opening posterior to female gonopore
present between legs m and iv (Figure 38).

REMARKS.—The systematic characters used in
this paper are consistent with those employed in
recent publications by Renaud-Mornant (1980,
1982b) and Kristensen and Renaud-Mornant
(1983); the foot in the Arthrotardigrada is consid-
ered a conservative character, while the sense
organs, especially the secondary clavae and in
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some genera also the primary clavae, are consid-
ered very flexible characters that can be used only
at the specific, not the generic, level.

Thulin (1942) and van der Land (1975) indi-
cated similarities between the claws of Styraconyx
haploceros, S. sargassi, and Tetrakentron synaptae.
Kristensen and Renaud-Mornant (1983) present
good evidence that an evolutionary line exists
from tardigrades with complex claws, e.g., Styra-
conyx and Tetrakentron, to animals with simple
claws, e.g., Pleocola. This postulate is based on the
type of peduncles in the digits, the sense organs,
and other characters (Kristensen, 1977). These
authors have used the presence of peduncles in
the two aberrant genera, Angursa Pollock (1979b)
and Raiarctus Renaud-Mornant (1981a), as a key
character separating these animals from other
members of the family Halechiniscidae.

In the Styraconyx sargassi group, all three hooks
of the claw are large (Figure 45); in Styraconyx
hallasi (Figure 48) and in both new species from
Greenland (Figures 49, 50), the accessory hooks
are very thin, visible only when the claws are
exposed from the claw sheath. The secondary
hooks are also very thin. The claw sheath most
likely is present in all styraconyxids, but only
strongly developed in those species in which the
hooks have been reduced, e.g., Styraconyx hallasi,
Lepoarctus, and Pleocola. The presence of peduncles
on all four digits is known only in Styraconyx and
Tetrakentron, but the special Styraconyx-type of pe-
duncle is not present in Tetrakentron. The reduc-
tion from four to two peduncles probably has
happened only once in the group as has the
development of the heart-shaped proximal pads
on the internal digit.

The genus Styraconyx is problematic as Pollock
(1983) implied when he split the genus into two

groups. With the exception of the type-species,
Styraconyx haploceros, he transferred all of the spe-
cies of this genus to Bathyechiniscus Steiner, 1926.
The description of this latter genus is based on a
single specimen from Gauss Station, Antarctica,
B. tetronyx, which, as its name implies, has four
exposed points or hooks on each claw. None of
the species of Styraconyx has four exposed points.
In our opinion, there is insufficient justification
for synonymizing S. sargassi with B. tetronyx. De-
spite Steiner's (1926) figures, there is no doubt
that these two animals represent different species.
After reexamination of Marcus' (1936) four spec-
imens of S. sargassi, it is clear that 5. sargassi has
digits with four peduncles as found in S. haploceros.
The presence or absence of a supporting pedestal
for the lateral cirri and clavae are not good
generic characters; in closely related species of
Styraconyx, both long and short pedestals may be
found. In some species, the female has a well-
defined pedestal, which is lacking in the small
male. In S. sargassi, the pedestal is very short or
even absent while in Bathyechiniscus it is very long;
but, the latter taxon can be defined by its type of
digits and claws, primary clavae, and papillae of
the fourth leg, all of which are clearly different;
furthermore, there is no indication of peduncles
in Bathyechiniscus. Even if Steiner (1926) did not
illustrate his specimen carefully enough to show
such details, the entire body, including the head,
is so distinctive that it clearly separates Bathy-
echiniscus from other Styraconyxinae. It is inter-
esting to note, however, that the sense organs of
our new species from a shell-gravel habitat in
Greenland appear to be of the same type as those
described in B. tetronyx; especially similar are the
papillae on the fourth leg.

Key to the Species of Styraconyx

Four peduncles present on each foot [Figures 45B, 46B], primary clavae
dome-shaped or surrounded by an enveloping membrane or narrowly
elongate or spine-like 2

Two peduncles present on each foot [Figures 47-50], primary clavae round
to elongate-oval 5
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2. All cuticular sense organs reduced except for large, flat secondary
clavae S. haploceros Thulin, 1942

All cuticular sense organs well-developed except for indistinct secondary
clavae [Figures 20, 22] 3

3. Lateral cirri and primary clavae with common membrane extending almost
to tip of primary clava [Figure 46A]; dorsal cuticle with grid-like
pattern S. craticulus (Pollock, 1983), new combination

Lateral cirri and primary clavae without common membrane, or, when
present, never extending beyond base [Figure 45A); dorsal cuticle
smooth 4

4. Primary clavae with an extra membrane, leaving only tip free [Figure
45A]; lateral cirri elongate S. sargassi Thulin, 1942

Primary clavae spine-like with a small vesicle; lateral cirri short
S. paulae Robotti, 1971

5. Primary clavae ovoid or irregular [Figures 47A, 48A, 50A]; dorsal cuticle
smooth 6

Primary clavae lanceolate [Figure 49A]; dorsal cuticle with 18-21 ridges
[Figures 10, 11] S. nanoqsunguak, new species

6. Claws 3-pointed with well-developed accessory and secondary hooks [Figure
47E]; primary clavae irregular with indented mesial margin [Figure 47A]

S. kristenseni Renaud-Mornant, 1981
Claws 3-pointed with reduced accessory and secondary hooks [Figure

48E]; primary clavae ovoid with even margin [Figure 48A] 7
7. Peduncles attached to base of claw [Figure 50B]; claw sheath covering

entire claw [Figure 50E]; cuticle telescopic at trunk divisions
S. qivitoq , new species

Peduncles not attached to base of claw [Figure 48B]; primary hooks not
entirely enclosed by claw sheath [Figure 48E]; cuticle smooth, not tele-
scopic at trunk divisions S. hallasi Kristensen, 1977

Styraconyx craticulus (Pollock, 1983),
new combination

FIGURE 46

Bathyechiniscus craticulus Pollock, 1983:112 [type-locality: St.
Croix, U.S. Virgin Islands].

MATERIAL EXAMINED.—Type Material: Holo-
type, female (USNM 68683); 2 paratypes, female
(USNM 68684, 68685); paratype, juvenile
(USNM 68686); col. L.W. Pollock, 22 Mar 1979,
St. Croix, Caribbean Sea.

Other Material: 1 female, 1 young male (R.M.
Kristensen HU 082881.1,082881.2), col. H. Ram-
l0v, 28 Aug 1981, 0.5 m depth, algae from coral
reef, Ahiaa, Al-Ghardaqa, Egypt.

One male (R.M. Kristensen AU 100379.1), col.

N. Svennevig, 3 Oct 1979, lower intertidal zone,
from barnacles with algae, Nielsen Park, Sydney
Harbor, Australia.

Two females (R.M. Kristensen AU 090879.1-
2), col. N. Svennevig, 8 Sep 1979, from intertidal
barnacles, Hastings Point, Brisbane, Australia.

One young male (R.M. Kristensen AU
091879.1), col. N. Svennevig, 18 Sep 1979, from
intertidal barnacles, Coloundra, Moreton Bay,
Brisbane, Australia.

One male (R.M. Kristensen AU 120979.1), col.
N. Svennevig, 9 Dec 1979, from intertidal bar-
nacles, Cape Cleveland, Australia.

One female (R.M. Kristensen AU 051079.1),
col. N. Svennevig, 10 May 1979, from coralline
algae in intertidal coralline sand. North Cay,


