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with cnhanced light microscopy tcchniques. N. J. Marley and P. M. Russell.
Divcrsity of cgg surfacc morphology in the family Macrobiotidae (Tardigrada). S. J. McInnes, P. J. A.
Pugh and K Robinson.
The cffccts of relative humidity on cggs of Dactylobiollis ombiglllls (Macrobiolidae: Tardigrada) from
freshwater lakes in Maritime Antarctic. S. J. McInnes, P. J. A. Pugh and K. Robinson.
Thc thcory of the mesoderm secondary layer and the enterocoely in the tardigrades. Giovanni Pilato.
TARDlGRADE ECOLOGY.
Environmental hctcrogcnity and the biodiversity of marine Tardigrada. S. Villora-Morcno and M.
Garcia-Carrascosa.
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James Murray and his work on tardigradcs. P. M. Greaves.

A bibliography of the Tardigrada. B. S. Maekncss.
A biography oftardigradc workers. B. S. Mackness.
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specificity. N. J. MarleJ and D. E.
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A preliminary report ofTardigrada from Norway. Tcrjc Meier.

Two Rcnaudclrctids (At1hrotardigrada) from Ryukyu Archipelago, Japan. H. Noda.
Distribution or Ilctcrolardigradcs in Japan. K. Utsugi.

AN ECOLOGICAL SURVEY OF TARDIGRADES FROM GREENE MOUNTAIN,
TENNESSEE.
R.G. ADKINS and D.R. NELSON.
Department of Biological Sciences, East Tennessee State
University, Johnson City, TN 37614, USA.

Few ecological studies of tardigrades have been conducted
in Tennessee. The purpose of this study was to survey the
tardigrades in different habitats on Greene Mountain, Greene
County, Tennessee. Samples were collected in May 1993 from
mosses, lichens, and pine needles at three sites: a mixed
hardwood-pine forest (eight samples), a hardwood/rhodendron
forest (eight samples), and a rock cliff (two samples). These
sites were located at different altitudes and exposures. The
samples were soaked in water for 24 hours and preserved with
boiling ethyl alcohol. Up to 100 tardigrades were removed from
each sample.
Specimens were mounted individually on slides in
Hoyer's mounting medium. The tardigrades were identified and
photographed under an Olympus phase/differential interference
contrast microscope at a magnification of 40X-100X (oil
immersion).
Eleven genera were represented in the samples:
Pseudechiniscus, Echiniscus, Hypechiniscus, Mi~nesium,
Macrobiotus, Minibiotus, Hypsibius, Isohypsibius, Diphascon,
Itaquascon, and Ramazzottius. Species diversity was compared
within the three sites and with previous studies of tardigrades
from other mountains in Tennessee.
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PHYLOGENETIC ANALYSIS OF THE TARDIGRADA.

C.M.L. ASSUN<;Ao and M.L. CHRISTOFFERSEN.
Universidade Federal da Paraiba, CCEN, Departamento de Sistematica e
Ecologia, Mestrado em Zoologia, 58059-900 Joffo Pessoa, Paraiba, Brazil.

The phylum Tardigrada contains about 800 described species. Both its
position among the metamerian metazoans and its internal relationships have been
previously much neglected. A manual Hennigian analysis provides a fulIy resolved
c1adogram for 13 terminal taxa at the family level. Fifty morphological characters
taken from the primary literature produce 55 apomorphies and 63 evolutionary
steps. The following sequenced system is proposed: (Subphylum Prototardigrada
(Neoarctidae] + Subphylum Neotardigrada nov. (Class Archaeotardigrada nov.
(Neostygarctidae] + Class Heterotardigrada (Order Paratardigrada nov.
(Stygarctidae (Renaudarctidae + Halechiniscidae)) + Order Eutardigrada
(Echiniscidae (Echiniscoididae (Coronarctidae (Anisonychidae nov. (Carphanidae
(Thermozodiidae (Milnesiidae + Macrobiotidae)))))))))). The square brackets
indicate monotypic taxa which are redundant in relation to phylogenetically
infonnative higher level taxa. The subdivision of the phylwn is based on a new
interpretation for the homology of the metameres. In Prototardigrada the third
original thoracic somite becomes fused with the fourth (which corresponds to the
first thoracic somite of traditional descriptions). In Neotardigrada the third original
thoracic somite becomes fused with the head. Another important departure from
tradition is that Eutardigrada becomes subordinated within the Heterotardigrada.
Other changes include restriction of the concepts of Stygarctidae and
Echiniscoididae, and the new status of Neoarctidae and Anisonychidae nov. (from
Neoarctinae and Anisonyclles, respectively). Batillipedidae has been reduced to
Battilipedinae and incorporated in Halechiniscidae. Echiniscidae includes its
former sister-group Oreella. The presence of intersegmental plates could suggest a
linkage of Paratardigrada and Echiniscidae, but this would result in a less
parsimonious c1adogram of 65 steps. FinalIy, Arthrotardigrada and Echiniscoidea
are paraphyletic groups whereas Mesotardigrada, Parachela, Apochela and
OreelIidae are innapropriate names. We hope that our results will reduce the
artificiality and growing ambiguity of the sexuagellary traditional system of the
Tardigrada.

MULTIHABITAT STIJDY ON mGH ALTITIJDE TARDIGRADES FROM A
NORTHERN APENNINES VALLEY (ITALY) .
ROBERTO BERTOLANI and LORENA REBECCm.
Dipartimento di Biologia Animale, Universitil di Modena,
Via Universitil4, 41100 Modena, Italy.

This study attempts to implement a new approach to the faunistic studies of tardigrades. Most
specimens from high altitude are collected from moss and lichen samples. Previous studies have not compared
tardigrades from a variety of habitats within a defined area. Accordingly, the authors carried out a sampling
campaign in a smaIl valley located to the north of the mountain ridge on Monte Rondinaio, Province of
Modena, in the Tusco-Ernilian Apennines, Italy. The area ranged from 1520 and 1730 m above sea level,
consisting almost exclusively of autochthonous sandstone, with grasslands and beech woodland, and strongly
influenced by Wiirm glaciation. The samples collected consisted of moss and lichen from rocks, moss
periodically wetted by stream water, beech litter, grass turf and sediments from streams, temporary pools and
permanent ponds.
The faunistic data obtained from the samples revealcd a tardigrade population with high species
diversity. The population structure varied between each habitat, with few species common to more than one.
For example, only Diphascon (Adropion) scoticum was present in moss, litter and grassland, whilst P/alicrista
angustata was restricted to moss and litter. Considerable variations in population structures were observed
between samples collected from lotic and lentic waters. Pseudobiotus mega/onyx and Thulinia rufJoi
predominant in the former, and lsohypsibius monoicus in the latter.
Many habitats produced novel findings, including species new to science, and others either very rare or
typical of high altitudes or latitudes. Several elements characteristic of cold climates were found, that based on
their geographic distribution can be defined as boreo-a1pine. A brief list of the most significant specimens
includes: Eohypsibius nadjae, extracted from grassland samples, which is known from Greenland, Faroe
Islands, and from high altitude grasslands of the Alps and Central Apennines; the high altitude species
Pseudechiniscus victor, found in periodically submersed moss beside a stream, which confirms the unusual
character for an Echiniscidae of being hygrophilous. Species typical of high altitudes or latitudes including
Macrobiotus dianae, Calohypsibius ornatus, Hebesuncus conjungens and, exclusive of moss habitats,
Amphibo/us vo/ubilis; in the beech litter another species of Amphibo/us, A. weg/arskae was found, and is
recognisable because it is hermaphroditic and not gonochoristic like A. vo/ubilis. Although A. weg/arskae, has
been collected from damp litter at several sites in Italy, it is also known from aquatic habitats. The freshwater
sites also provided interesting results with lsohypsibius annu/atus minor, present in the permanent pools, whilst
J. monoicus. a rare species. characterised the stream sediments.
This study presents an interesting comparison of both ecological and faunistic data, and proposes that
tardigrades are suitible candidates for further biogeographic studies.
This study was supported by a grant from "Ministero dell'Universita e della Ricerca Scientifica e
Tecnologica," Italy.

PHYLOGENETIC SIGNIFICANCE OF EGG VARIATION IN TARDIGRADES.
ROBERTO BERTOLANI I, LORENA REBECCID I and SANDRA CLAXTON2
I Dipartimento di Biologia Animale, Universita di Modena,
Via Universita 4,41100 Modena, Italy.
2 School of Biological Sciences, Macquarie University,
New South Wales 2109, Australia.

Freshwater and semiterrestrial tardigrades produce either eggs laid in the exuvium with a smooth shell
or eggs laid freely with an ornamented shell. According to literatnre, the former egg type is present in both
eutardigrades and echiniscid heterotardigrades and the latter only in eutardigrades. There are, however, few
species of eutardigrades which have free-laid smooth eggs or which occasionally lay ornamented eggs in the
exuvium. Published data on marine heterotardigrades, a more primitive group than the semiterrestrial
heterotardigrade and non-marine eutardigrades, are limited to three species belonging to different families.
They indicate free-laid eggs with smooth and sticky shell.
The shell ornamentation has been given considerable taxonomic value but not phylogenetic
significance. New data have allowed the formulation of an hypothesis in which tardigrade evolution is analysed
using egg characteristics.
Firstly, analysis of two species of Oreella (Oreellidae) has provided the initial information on the eggs
of moss-dwelling non-<:chiniscid heterotardigrades. These eggs are ornamented and free-laid. Together with
the previously cited data, the finding allows two different events in egg evolution to be distinguished, if one
looks at the smooth/ornamented character in relation to the free-laidllaid in e""vium character. In marine
species the egg is laid freely but not yet ornamented. The egg of Oreella suggests that the first evolutionary
event was the acquisition of ornamentation when the sea was abandoned, in order to better protect the egg in a
more unstable environment. However, the plesiomorphic condition of free-laid egg remained during this first
evolutionary step, and this free-laid ornamented egg thus characterises the most primitive non-marine
heterotardigrades and eutardigrades. The second evolutionary event is an adaptive convergence, consequent to
synchronised egg maturation and moulting. In echiniscid heterotardigrades and several times in the
eutardigrades, this synchronisation has shifted the burden of egg protection from the ornamentation, which is
lost, to the exuvium (pseudosynapomorphism).
Secondly, the finding of an ornamented egg even in Eohypsibius allows us to state that both genera of
the family Eohypsibiidae (Eutardigrada) have eggs with this featnre, as \vith few exceptions, have the genera of
Macrobiotidae. Other families have only smooth eggs laid in the exuvium. Only Hypsibiidae have both types of
egg, for the most part correlated with the genera. This family is also quite heterogeneous in other aspects (three
types of claws, three types of bucco-pharyngeal apparatns).
Thirdly, more in-depth analysis of the egg ornamentations allows appreciation of relationships at the
generic level and sometimes the recognition of species groups within the genus. The situation has been verified
by light microscopy and SEM. Among eggs with ornamented shells, those of Amphibolus (Eohypsibiidae) have
both large processes and a reticular mesh covering the entire shell. The latter is internal and therefore visible
only by light microscopy. Large processes and inner reticular mesh also characterise the eggs of some
Macrobiotus species (Macrobiotidae). Many other Mocrobiolus eggs lack the inner reticular mesh and have
inverted goblet-shaped processes. Note that the same two groups of species can also be identified by sperm cell
morphology. Again among Macrobiotidae, members of the genus Minibiotus always have ornamented eggs
with processes which vary in size and shape among species and do not have the intental reticular mesh. Species

of Dactylobiotus often have conical processes. Lastly, ornamented eggs of Hypsibiidae almost always have
spiked processes.

This study was supported by a grant from "Ministcro dell'Universita e della Ricerca Scientifica e
Tccnologica," Italy.

TARDIGRADES FROM SOUTHERN YUNNAN PROVINCE, PEOPLE'S REPUBLIC
OF CHINA

CLARK W BEASLEY

Department of Biology, McMurry University, Abilene, Texas 79697
Habitat samples were collected near Menglun (21 055' N, 101 0 14' E) in the tropical
Xishuangbanna Nature Reserve. Species recovered include Echiniscus scabrospinasus, E. limai,
Isahypsibius vietnamensis, Itaquascon ramazzottii, Macrobiotus harmsworthi, M. accidentalis,
M richtersi, and Milnesium tardigradum. This is first record for Echiniscus scabrospinosus,
E. limai, and Isohypsibius vietnamensis since their original descriptions. These species plus M.
richtersi and I. ramazzattii are new records for China. Tardigrada have not been previously
reported from Yunnan Province.

ON THE FINE STRUCTURE OF RICHTERSIUS CORONIFER (RICHTERS, 1903)
N.M. BISEROVA
Institute of Inland Water Biology of the Academy of Science of
Russia, 152742 Post Borok, Yaroslavl District, Russia

The fine structure of integument, musculature, pharyngeal bulb,
ovary and nervous system of Richtersius coronifer was studied by
means of TEM.
The integument is represented by 3 layers of cuticle and a
monolayer epithelium. The cells of the latter are flattened and
contain ribosomes, rough endoplasmic reticulum, numerous vacuoles
with eccentrically located electron dense-material and small
electron-dense granules.
This vacuoles and granules supply
different substances for the formation of cuticle by means of
exocytosis from surface apical membrane.
Nuclei occur rarely.
The epithelial layer is almost absent from the places of
attachment of somatic muscles.
Fibrillar components of basal
plates of epithelial and muscular cells form complex stratose
structure of "tendon" type, which is attached to the cuticle.
The fine structure of somatic musculature is similar to that of
the early described species.
It is necessary to note that the
majority of large fibres are connected in the syncytium and the
pericaria are often distant from the myofibrils.
Each somatic
muscular fibre has its own basal membrane.
At the junction
between the different direct muscles enormous areas of
strengthened compact fibrillar material of hemidesmosome type are
formed.
Radial musculature of the pharyngeal bulb is represented by
tightly packed bundles which alternate numerous mitochondria,
often of ramified shape.
Nuclei seldom occur.
The synaptic
endings with two types of vesicles were found.
The bulb is
surrounded outside by supporting plate, similar in the fine
structure to that of the muscular organ of the lower worms. In
turn, the supporting plate is covered by a thin folded basal
plate which separates bulb and structures connected with it from
the body cavity.
The glandular cells and mature eggs can be seen in the ovary.
The wall is formed by a thin basal plate and separate epithelialmuscular cells that do not form entire endoepithelium. Eggs have
an envelope with conical processes; the latter has very thin
villia on the surface. There are hollow three-dimensional canals
in the electron-dense envelope.
The optical region of brain, pigment and microvillous cells and
the nerve cells associated with them were investigated. Direct
connection with cuticle and the presence of the common basal
plate, which surrounds all complex elements of the eye, were
shown.

TARDIGRADES OF THE TAIMYR PENINSULA
V.I. BISEROV
Institute of Inland Water Biology of the Academy of Science of
Russia, 152742 Post Borok, Yaroslavl District, Russia.

Taimyr is the northernmost peninsula of Siberia. The landscapes
are represented by forest tundra, tundra and arctic tundra. The
tardigrades from Taimyr are not yet known.
On the whole, 164 samples from the Taimyr peninsula, Norilsk and
Dudinka regions and the Putoran Mts. (latter three, strongly
speaking, do not belong to the peninsula) were examined for
tardigrades. 138 samples of mosses, lichens and litter (95 with
tardigrades), 21 samples from freshwater biotopes (the Yenisei
river, the lake Taimyr and small lakes; 13 with tardigrades) and
5
samples
from the Kara Sea
(water bears absent)
were
investigated.

A total of 67 different species were identified, 9 of which were
new for Russia
Pseudechiniscus facet talis, Testechiniscus
laterculus,
Amphibolus nebulosus,
Macrobiotus bondavallii,
Eohypsibius nadjae(?), Diphascon iltisi, D. recamieri, D. tenue
and Ramazzottius montivagus (eggs of this species are described
for the first time) and 4 are new for science (genera Amphibolus,
Diphascon, Isohypsibius, Ramazzottius and, probably, a species
of Echiniscus group arctomys).
Description of the new species
are given here with some taxonomic,
zoogeographical and
ecological remarks concerning other species.
The tardigrade fauna of the Taimyr peninsula is characterized by
the abundance of cosmopolitan and subcosmopolitan elements and
widespread arctic Palearctic species as well.
Testechiniscus
spitsbergensis, Echiniscus merokensis, E. wendti, Macrobiotus
harmsworthi, M. hufelandi, M. islandicus. Diphascon pingue (in
sensu Pilato and Binda, 1977), Hypsibius dujardini. H. pallidus
and Calohypsibius ornatus are the most common species.
The
Nearctic species, Testechiniscus laterculus and Macrobiotus
bondavallii (they are absent in tundra area of European Russia,
Scandinavia and Svalbard) were noted within studied region for
the first time.
They have been found to be common l.n the
peninsula.
The tardigrades have not been found in terrestrial samples from
Norilsk and the neighbouring territory. only one freshwater
sample contained the tardigrades. In my opinion, this is related
to the heavy industrial pollution by sulphuric compounds (e.g.
SOJ) originated from a local nickel-copper plant.

SEXUAL DIMORPHISM AMONGST AUSTRALIAN ECHINISCUS
(fARDIGRADA, ECHINISCIDAE) SPECIES.
S.K. CLAXTON.
Macquarie University, School of Biological Sciences, Ryde, New South
Wales, 2109, Australia.

The presence of males in species of Echiniscus has been reported only as
recently as 1987 and is still considered to be rare. However males have been
found III eight of 17 species of Echiniscus found in Australia. Males occur in
high proportions in five of the more common species including E. duboisi
Rlchters, 1902 in which males have not previously been reported.

In all bisexual species examined males are, on average, smaller than
females. Morphometric analysis of three new bisexual species has revealed
further sexual oimorphism ranging from differences in the size of buccal cirri and
papillae in E. jamesi n. sp. and E. rodnae n. sp. to differences as well in the
lengths of lateral spines and presence or absence of dorsal spines in E. curiosus
n. sp. An analysis of two geographically separated populations of this species is
presented as well as a temporal analysis of one of them.
Males of E. curiosus were found in extensive beds of moss and lichen on
rock at one site and in isolated patches of lichen on tree trunks at another site.
Males have been found in species of Echiniscus from xeric and non-xeric
biotopes.

TEN NEW SPECIES OF MINIBIOTUS (fARDIGRADA
MACROBIOTIDAE) FROM AUSTRALIA: IS MINIBIOTUS INTERMEDIUS
PLATE, 1889, COSMOPOLITAN?
S.K. CLAXTON.
Macquarie University, School of Biological Sciences, Ryde, New South
Wales, 2109, Australia.

The genus Minibiotus Schuster et al (1980) is controversial. The definition
of the genus was based on the redescription of only one specie~l. Macrobiotus
intermedius Plate, 1889 as Minibiotus intermedius. Althougu there were
deficiencies in the definition, the genus has been accepted by some authors with
two species from Australia being oescribed in 1988 and 1989 on the basis of the
presence of peribuccal papulae rather than lamellae which are found in the
closely relateo genus, Macrobiotus.
Seventeen species (ten of which are new to science) which have papulae,
have been isolated from mosses and lichens in Australia, providing abundant
material for a reassessment of the genus. Two of these, Macrobiotus
hufelandioides Murray, 1910 and Macrobiotus aculeatus Murray/ 1910 have
been recollected from the type localities and have been reoescribed as
Minibiotus species. Eleven species have adult morphology which is very similar
to, and could be mistaken for, Minibiotus intermedius although most are
distinguishable on egg moq~hology. Four of the 11 have a membrane surrounding
the egg processes as descnbed for M. intermedius and one of these{ Minibiotus
macquariensis n. sp., has processes which are remarkably simi ar to those
described for M. intermedius. M. intermedius has been cited only once from
Australia - by Murray in 1910. The only species of Minibiotus recovered
recently from that site was M. macquariensis.
The worldwide literature suggests that many collectors have identified M.
intermedius on the basis of the "cliaracteristic" appearance of the adult and have
not verified the identification by obtaining the egg. A reexamination of this
species would appear justified.

A SURVEY OF THE IDMALAYAN TARDIGRADES

H. DASTYCH

Zoologisches Institut und Zoologisches Museum dec Universitat Hamburg, Martin-Luther-King Platz 3,
20146 Hamburg, Germany.

Tardigrades of Central and Eastern Nepal have been investigated and preliminary results are presented.
The survey is based on 330 bryophyte samples collected mainly in the Annapuma region at altitudes ranging
between 1320-5800 rn. This material yielded more than 2750 specimens representing 50 species. At least seven
species belonging to the genus Echinisclls (I), Macrobiollls (5) and Amphiboilis (l taxon) are new. These will
be described separately.
In the subtropical zone of Nepal (up to 2000 m), greatly altered by man, 17 tardigrade species were found.
Among them, Echinisclis peramlalus Murray, 1907, Echiniscus duboisi Richters, 1902, E. baills Marcus, 1928
and two as yet undescribed species of Macrobiotus were limited to that zone, The first two of these taxa are
new for Eurasian continent. The species composition of 35 taxa recorded in the following zone (the wet oak
forests: 2000-3300 m) manifests transitional characters of the fauna. A distinct montane character have already
the tardigrades of the next zone, i.e. in the Rhododendron-fir-birch forests (3300-3900 m). Among t2 species
recorded, Echini.w.:us rackae Dastych, 1986 and E. nepaJensis Dastych, 1975 represent here a high-mountain
element.

The Himalayan meadows (or alpine zone: 3900-5200 m) are distinguished by the presence of at least 33
species. Among them of major importance are Echiniscus rackae, E. nepalensis, 1<.:. reticlilalUs Murray, 1905,
M. hanllsw0I1hi Murray, 1907, three new species of MacrobiotllS, Ric:hlersius c:oronifer (Richters, 1903),
DOIyphoribilis cilrinlls (Maucci, 1972), Diphasco/l pinglle (Marcus, 1936) and Milnesiul11 lardigradul11 Doyere,
1840, these being here markedly more frequent and abundant. The tardigrade fauna of that zone is very similar
to that occurring in the corresponding zone of other Palearctic mountains, including the Arctic tundra. This
similarity results from the presence of as many as 20 species common to all.
Bryophytes from the highest localities (the nival zone: 5200-5800 m) had still a differentiated tardigrade
fauna, composed of at least nine taxa. The highest (verifiable) record for any tardigrade includes a rock site at
the Makalu's Icefall (5800 m) where five tardigrades, vis. HypechinisclIs gladiator (Murray, 1905), Echiniscus
rackae, Pselldec!linisclls SlIiJlus (Ehrenberg, 1853), A mphibo/lIs sp. n. and P/alicrista anguslala (Murray, 1905)
were found.
The species composition of the Himalayan tardigrade faunas, as elsewhere, depends on altitude and type
of substrate (calcareous as against non-calcareous), on which the animals dwell.

THE BRAIN OF ECHINISCUS VIRIDISSlMUS (HETEROTARDIGRADA).

R.A. DEWEL and

w.e.

DEWEL.

Department of Biology, Appalachian state University,

Boone, North Carolina, 28608, USA.

The brain is composed of ganglia from the mouth cone,
including the buccal tube, cephalic segment, and the first trunk
segment.
Neuropils from these ganglia lie central to a rind of
neuronal cell bodies.
Among these are sensory cells whose

pericarya have been identified by tracing their inner dendritic
segments with serial thin sections.
Although the neuropils are
somewhat indistinct, they appear to be arranged in an orthogonal
pattern.
The paired dorsolateral and ventrolateral neuropils

generally maintain topographical ordering of connections within and
between segments with dorsal and ventral comrnissures and vertical

and horizontal tracts.
The neuropils and commissures of the mouth cone are located
in the cephalic segment just posterior to the internal cirri and

papillae.
Since the paired lateral neuropils of the buccal tube
and their cornmissures are medial to those of the mouth cone, the
two components form concentric rings around the buccal tube.

The

ventral neuropils of the cephalic segment have a slightly posterior
and lateral position between the two mouth cone neuropils.
They
are connected to the more posterior dorsal cephalic neuropils by

thick stalks.

The dorsal cephalic neuropils are fused medially

above the buccal tube and constitute a posterior neuropil mass.

Portions of the mass appear to be divided into smaller ellipsoidal
compartments. Nearly all sensory cell bodies for the internal and
external cirri and the cephalic papillae are peripheral to the
dorsal neuropils.

Cell bodies of some of the neurons of the

papillae are part of prominent lateral lobes overlying the cerebral
ocelli. Ventrally the commissure for the cephalic segment appears
fused to the commissure joining neuropils for the mouth cone. The
fused commissure, neuropils and pericarya of ventral sensilla of
the mouth cone form the subesophageal ganglia described in
anatomical literature.
Neuropils for the cirri and clavae of the
first trunk segment are probably located in the posterior mass.
Paired lobes of sensory and support cell bodies are connected to
that mass by axonal tracts; the presumed dorsal trunk neuropils are
joined in the same region by a dorsal commissure and by oblique

(vertical) tracts to the first trunk ganglion.
Several of these observations, including the orthogonal
organization of the brain, the absence of a second free ventral
commissure, and the derivation of the bulk of the brain from fused

dorsal ganglia of the cephalic and first trunk segments, contribute
important phylogenetic information.

DEVELOPMENT, ULTRASTRUCTURE AND FUNCTION
OF THE TARDIGRADE PHARYNX

1. EIBYE-JACOBSEN

Zoological Museum, University of Copenhagen, Universitetsparken 15,
DK-2100 Copenhagen, Denmark

A transmission electron microscopic study of the pharynx of the
eutardigrade Halobiotus crispae is presented.
The development of the pharynx is described using five embryological
stages. Three of them are reconstructed three-dimensionally using computer
techniques. The number of cells composing the pharynx remains constant from
an early embryological stage and each cell can be traced and refound in the
adult pharynx. The total number of cells is 54. The numerical constancy of the
cells, a condition known as eutely, seems to be present only in some organs of
the tardigrades.
The structure and function of the adult pharynx and the relations of this
organ to the mouth tube and esophagus are described for the active, sexually
mature summer form as well as for the winter form known as pseudosimplex
I. The nerve tracts and nerve cells are identified and followed from the mouth
tube to the esophagus.
A point of particular interest was to establish whether the muscle cells of
the tardigrade pharynx are myoepithelial in nature (as those of many
aschelminth pharynges) or functionally mesoderm with the cuticle being
produced solely by specialized epithelial cells (so-called apical cells). A
comparison with the pharynx of the arthrotardigrade Actinarctus doryphorus
indicates that the cuticle is formed as suggested by the latter alternative.
The results obtained are compared with findings in the aschelminth
complex and among the arthropods, and some phylogenetic conclusions are
drawn.

GENOME SIZE VARIATIONS INTARDIGRADA.
SILVIA GARAGNA I, LORENA REBECCHI2 and ALESSANDRA GUIDI2
Dipartimento di Biologia Animale e Centro di Studio per l'Istochimica del CNR, Universita di Pavia,
Piazza Botta, 10,27100 Pavia, Italy.
2 Dipartimento di Biologia Animale, Universitil di Modena,
Via Universitil4, 41100 Modena, Italy.

It is well known that evolutionary divergence involves changes in genome size (g.s.), and sometimes
this can be used as a cytotaxonomical parameter for elucidating phylogenetic relationships. The authors already
documented that tardigrades, like nematodes and insects, have very low genome size (0.08-0.44 pg), among the
lowest in invertebrates. However, in tardigrades, tissue specific DNA contents can reach very high values
through successive duplications of the haploid value (genome size).
In the present study the authors extend the evaluation of the g.s. to other species of tardigrades with
the aim of better defining its variations and evolutionary meaning inside the phylum.
Eight species of eutardigrades and one species of heterotardigrades were considered, all of them were
amphimictic (gonochoristic or hermaphroditic). The presence of spermatozoa allowed the evaluation of g.s in
all the species tested.
In eutardigrades, the variability of g.s. within the family is confirmed. Moreover, new data on
Hypsibiidae show very similar g.s. among the genera Doryphoribius, Pseudobiotus and lsohypsibius, which
also have the same kind of claws; instead, the g.s. differs within the genus Diphascon. The data on
Pseudechiniscus suillus is the first reported on the g.s. measured in Ie cells in heterotardigrades. Comparison
with literature data on DNA content in certainly non-haploid cells in thelytokous species of heterotardigrades
shows high variation also inside this group.
The most parsimonious explanation of the observed variations in DNA contents among species (g.s.)
and within species (rounds of DNA duplications) advocates relationships between genotypic and nucleotypic
effects. In terms of genotypic effects, small variations of g.s. may be related to a certain degree of conservation
of the body morphology among species inside the phylum. The haploid DNA contents have the same range of
magnitude (four to five fold from the lowest to highest). This is a very small size variation in comparison to
that of annelids (0.7-7.2 pg), crustaceans (0.7-22.6 pg) and insects (0.05-12.7 pg). However, genomic
differences are not restricted to cases of interfamiliar changes; they also occur among genera as well as within a
single genus. Moreover, a straightforward correlation between g.s. and sperm cell shape can be detected. In
fact, two groups of species can be distinguished among tardigrades: the first includes species with higher g.s.
and round-head spermatozoa, the second those with smaller DNA contents and long-head spermatozoa, and
therefore more evolute. Thus, it seems that inside the phylum, g.s. evolves towards reduction. Comparison with
the sclerified structures of the animals shows that this tendency appears in several phyletic lines. In terms of
nucleotypic effects, several rounds of DNA duplications occur in each species, enhancing the production of
DNA templates, which ensures an increased transcriptive capacity. The presence of such high DNA contents in
tardigrades tested to date can likely be related to a physiological requirement of matching the time required to
fulfil metabolic activities with time-eonstrained situations (that very often occur during their life), while
keeping a very low metabolic rate (that is always associated with very large DNA content by a nucleotypic
effect.)
This study was supported by a grant from "Ministero dell'Universita e della Ricerca Scientifica e
Tccnologica," Italy and a grant from "Consiglio Nazionale delle Ricerche," Italy.

ECOLOGICAL INVESTGATIONS ON MOSS-DWELLING TARDIGRADES (TARDIGRADA)
FROM HESSE (GERMANY).
B. GRABOWSKI.
Philipps-Universitiit Marburg, AG Prof. Dr. Remmert,
-Zoologie-, Karl-v.-Frisch-Str., 35043 Marburg, Germany.
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Moss-dwelling tardigrades of the "Lahnberge" (a mainly wooded area
near Marburg, Hesse, Germany) were recorded faunistically. In 82 collected
moss-samples 27 species of tardigrades were found. 5 of those species,
MicrobypsibillS cf. bertolanii KRISTENSEN, 1982, IsobypsibillS dastycbi PILATO,
BERTOLANI & BINDA, 1982, I. cf. monoiclls BERTOLANI, 1981, I. lll/llllatlls
(IHAROS, 1966) and Diphascon nobilei BINDA, 1969, can be counted as new for
the german tardigrade-fauna.
The influence of xeric parameters on the most frequent species of
tardigrades in the research area was investigated. The considered xeric
parameters were: exposure to insolation of each site sampled, hydrat.ion
capacity and desiccation rate of the most common moss species. Especially
exposure to insolation and hydration capacity are clearly associated with the
incidence of certain tardigrade species. Even though HypsilJius dujardi/li
(DOY8R8, 1840) is usually described as a hygrophilous species, in this
research it was found to be rather xerophilous.
A cluster analysis of all the moss-samples and the most frequent
tardigrade species revealed two clearly separated groups of species. The first
group included Dipbascon spitsbergense RICHTERS, 1903 and Dipbascon
scoticum MURRAY, 1905. It was only found on acid forest soil with little
insolation. The second gTOUp, including Milnesium tardigradllm DOY8R8, 1840,
Ramazzottius oberlJaellseri (DOY8R8, 1840) and Ramazzottills cf. anomaltls
(RAMAZZOTTI, 1962), preferred extremly sunny habitats with neutral to
alcaline pH value and exclusively rocl\.y substratums. These results point out
that, when collecting moss samples, one should pay attention not only to the
humidity type of a moss cushion, but also to the pH value of its substratum.
Population dynamics were studied in a moss cushion of BrachytlJecium
April 30 th to October 29 th 1993. The entire number of
tardigrades increased constantly during the whole time of investigation, even
though all ten species found showed different population dynamics. Neither
the whole
population, nor single
species showed clearly significant
correlations to regional climatic factors such as temperature, percipitation and
relative humidity. Further investigations, therefore should pay more attention
to microclimatic conditions within a moss cushion.
rlltablllllm from

JAMES MURRAY AND HIS WORK ON TARDIGRADES.

P.M. GREAVES'

, 4, Combe Common Cottages, Woodside Road, Chiddingfold, Surrey GU8 4QR,
UK

James Murray (1865 - 1914) spent a short but active career working on the
micro-invertebrate fauna of mosses and lakes. Originally trained as a sculptor, he
became interested in natural history and was introduced to the tardigrada by David
Scourfield. In 1902 Murray was engaged by Sir John Murray as Assistant Zoologist
on the Scottish Freshwater Lake Survey. Murray continued to the completion of the
survey in 1906 and published extensively on the tardigrada found during the survey.
Between 1907 and 1911 Murray served on three expeditions; the British
Antarctic Expedition led by Sir Ernest Shackleton (1907 - 1909), the Bolivian
Boundary Commission (1910) and Stefansson's Canadian Arctic Expedition (1911).
However, the Stefansson expedition was disastrous, with one ship crushed by ice.
Murray and two colleagues died on the ice when they separated from the main party.
Tardigrades found during the fIrst two expeditions have been described by
Murray including all the countries visited during the Shackleton expedition; South
Africa, Australia, Canada, New Zealand and South America. In addition, Murray
had a number of foreign correspondents who sent samples from many other
countries. From these samples many distribution lists were published which are still
of value today.
Murray was 49 when he died. In the period from his fust paper in 1898 to his
death in 1914, he wrote 77 papers and described 1 gastrotrich, 63 rotifer and 66
tt.rdigrade sp0cies or varieties new to science.
Most of Murray's collections have been lost but a slide collection of the tardigrades
collected during the Scottish Loch Survey is maintained by the Royal Scottish
Museum, Edinburgh. A total of 49 slides are present in the collection, representing
15 species.

TARDIGRADES FROM THE GREENLAND ICE SHEET

ANETTE GR0NGAARD

Zoological Museum, Universitetsparken IS, 2100 Copenhagen 0, Derunark

Tardigrades are found in a wide variety of habitats all over the world. However, they only
become a preponderating faunal component at places characterized by extreme, physical
conditions. One of the most hostile environments on earth is the Greenland ice sheet. The
Greenland ice sheet covers more than 80% of this the world's largest island. The average
thickness is about 1500 m. In 1992 the thickness at Summit, Greenland's highest point,
was determined as a part of the international GRIP-project (Greenland Ice-Core Project). It
proved to be 3029 m. Though even modern textbooks on arctic ecology quote the
Greenland ice sheet to be an absolute desert, this is not so. From this vast glaciated area,
samples have been collected since 1987, some of which with help from the Greenland
Geological Survey (GGU) based in Copenhagen. In September 1993 I participated in a
French expedition to the Greenland ice sheet and worked there for three weeks. The
expedition took place at the latitude of Sendre StrJ1Jmfjord 25 km inland from the border of
the ice. The French team, consisting of glaciologists and speleologists, had made
expeditions to the Greenland ice sheet since 1989. The aim of the expeditions was to study
cave systems within the ice. In 1993 a biologist participated for the flISt time. Apart from
fInding tardigrades on the surface of the ice sheet, even a far more amazing discovery was
done. In samples taken by the French expedition in 1992 80 m below the surface in a socalled moulin tardigrades were found.
In the melt-zone of the Greenland ice sheet large areas are covered by cryoconite
(literally meaning "ice dust"). This phenomenon was flISt described by Nordenskiold in the
report from his expedition in 1870. It is a black dust partly of cosmic, partly of terrestrial
origin. Cosmic dust rains down everywhere on earth, but in most places it is lost in the
crowd of terrestrial particles. However, on the Greenland ice sheet it makes up a relatively
large fraction (1-2%) of the cryoconite due to the presence of little terrestrial dust.
Physicists have even discovered that the cryoconite on the Greenland ice sheet constitutes
the richest mines of cosmic dust on earth. As the cryoconite has a low albedo, contrary to
the ice which has an extremely high albedo, the cryoconite will gradually melt its way
down into the ice. In this way cryoconite-holes are formed. The ice in the study area was
perforated by cryoconite holes in all sizes.

A whole new biocenosis is now described from the Greenland ice sheet. A major
component in the samples turned out to be a cyanobacteria, which, together with other
bacteria, is supposed to be the base for the community. Several groups of algae are
present, e.g.some green algae. Protozoans occur now and then in the samples. Of
metazoans only two groups are found. Rotifers are rare, but present in all investigated
samples. The eutardigrade Diphascoll recamieri makes up for about 80-85% of the
metazoans present. Apart from the surface samples, several samples were taken in various
depths in the moulins. Most interesting of these, samples collected 110 m below the
surface of the ice turned out to contain very high numbers of tardigrades.

SPERMATOZOON MORPHOLOGY IS A CHARACfER FOR TARDIGRADA SYSTEMATICS.

ALESSANDRA GUIDI and LORENA REBECCHI.

Dipartimento di Biologia Animale, Universiti di Modena,
Via Universitil4, 41100 Modena, Italy.

The majority of animal phyla have both a primitive type of spermatozoon and a more differentiated
secondary type of male gamete. This condition, also present in Tardigrada, invalidates the use of spermatozoa
as indicators of phylogenetic relationships among phyla. The male gamete can instead be used for comparisons
within specific groups. The authors have carried out observations of spermatozoa under light microscope, TEM
and SEM on several species from various genera and families of eutardigrades. The resulting data were
compared with taxonomic features, of both animals and eggs, that are commonly used to identify these species.
The spermatozoon of eutardigrades was confirmed to be of the secondary type, and was characterised
by a flagellum with terminal tuft of 8-10 microtubules. In contrast, heterotardigrade spermatozoa are known to
be of the primitive type and moreover lack a tuft. Within single families of eutardigrades, the situation appears
quite heterogeneous, whilst among genera or species an appreciable homogeneity may be present.
The structure of the spermatozoa of the two species of Amphibolus (Eohypsibiidae) examined,
gonochoristic A. volubi/is and hermaphroditic A. weglorskae, were particularly similar. Both had a globose
head with a peculiar cork-screw-shaped acrosome and cylindrical nucleus surrounded by cytoplasm. Behind
this was a short neck with unmodified mitochondria and a longitudinal centriol. The flagellum, with "9+2"
axoneme terminates with the microtubule tuft. The taxonomic features of these two species are quite similar in
the animals and the eggs, although of different morphology, both have large processes and the same reticular
texture.
Eight species from the genus Macrobiotus (Macrobiotidae) were considered, which, based on the
spermatozoon morphology, can be divided into two groups. The first included five species of the "hufelandi
group": M pseudohufelandi, M sandrae, M. macrocalix, M terminalis and M joannae. The salient features of
spermatozoa from this group are: length about 30 j.l.0l, bilayered rod-shaped acrosome, tightly coiled helicoidal
nucleus surrounded by scanty cytoplasm, voluminous and long middle piece with symmetrical hemispherical
protuberances on the surface; and the typical eutardigrade flagellum. The second group included three species:
M richtersi, M areolatus and M harmsworthi. The spermatozoa of this group were particularly long (up to
100 j.l.m) and filiform. The distinctive length was due to the remarkably developed acrosome and nucleus,
which were weakly coiled and flexible. The head was followed by a small widened mid-piece and by a
flagellum of typical length and shape. The species from the first group, in addition to the similar spermatozoa,
exhibited analogous taxonomic features of: hufelandi-type bucco-pharyngeal apparatus, with two rod-like
macroplacoids (the first constricted) and microplacoid; cuticular pores (with the exception of M.
pseudohufelandi); and eggs with processes, without reticulations, and shaped in the form of inverted goblets.
The second group also demonstrated homogeneous taxonomic characters, though markedly different from those
of the first group. These were: robust buccal armature, with posterior row of conspicuous triangular teeth; three
long rod-shaped macroplacoids; no cuticular pores; and eggs with either long or truncated cone-shaped
processes, with reticulate patterning.
Three species of the subfamily ltaquasconinae (Hypsibiidae) were examined. Two of these, Diphascon
(Adropion) scoticum and Platicrista angustala, although belonging to different genera, have very similar
spermatozoa. Both spermatozoa exhibited a relatively short roundish head with distinctive conical acrosome
bearing three to four superficial and regular coils. In the third species, Diphason (D.) sp., the acrosome was
similar to those of D. (A.) scoticum and P. angustata, but the nucleus, at light microscope, appeared much
longer and notably more coiled. Thus, the spermatozoa in this subfamily were similar in species of different
genera, and heterogeneous within the same genus, as demostrated in Macrobiotus. However, the data on
Diphascon, restricted 10 two species, will require further evidence before the observed differences can be used
as an element for discriminating the two subgenera.
This study was supported by a grant from "Consiglio Nazionale delle Ricerche," Italy.

TWO NEW SPECIES OF TARDIGRADES FROM SHORT MOUNTAIN, TENNESSEE.
K.L. KENDALL-FITE 1 and D.R. NELSON 2 .
1 Department of Biology, Middle Tennessee State University,
Murfreesboro, TN 37132, USA.
2 Department of Biological Sciences, East Tennessee State
University, Johnson city, TN 37614, USA.

Tardigrades were collected from three seepage spring sites
at 549m on Short Mountain, Cannon county, Tennessee. Three
terrestrial samples and three aquatic samples were taken monthly
from each site. Terrestrial samples included mosses and lichens
from rocks and fallen trees; one sample of leaf litter was also
collected from two of the sites. Aquatic samples included
sediment, decaying leaf litter, and aquatic plants. All samples
were returned to the lab for processing and preservation.
specimens of tardigrades were mounted on individual slides in
Hoyer's medium. Species were identified and photographed under
phase and differential contrast microscopes. Twenty-seven
species representing 13 genera were recorded: Pseudechiniscus,
Echiniscus, Thulinia, Ramazzottius, Hypsibius, Isohypsibius,
Diphascon, Platicrisa, Itaquascon, Murrayon, Macrobiotus,
Minibiotus, and Milnesium.
One of the Pseudechiniscus species
and the Thulinia species were new and will be described at the
symposium. This is also the first record of the genus Thulinia
from Tennessee and from a terrestrial habitat (moss and lichens
on rocks) .

MORPHOMETRIC ANALYSIS OF RAMAZZOITIUS VARfEORNATUS
(HYPSIBIIDAE, EUTARDIGRADA).
I.M. KINCH IN.
27, Woodlands Road, Slyfieid Green, Guildford, Surrey GU I I RW, UK.
Rama;;;;ottius varieornatus is a species that has recently been described
from xeric gutter sediment from southern England. The species can be
distinguished from other members of the genus by its unique egg-shell
morphology, though morphometric data of the animals also form an important
part of the species description.

Variation in these data are assessed by measuring a proportion of the
isolated population from which the holotype was obtained and calculating pt
ratios. All specimens were mounted in Hoyer's medium and allowed to relax
for two weeks prior to measurement. Measurement of the sclerified structures
of the buccopharyngeal apparatus seemed to give consistent results particularly the relationship between buccal tube length and the point of stylet
support insertion on the buccal tube. Whilst the buccopharyngeal apparatus
appears to grow with each moult, it grows at a slower rate than overall body
length. Therefore, in larger animals. the sclerified structures form a smaller
proportion of the animals' length than in the smaller specimens.
Of the 214 specimens that were included in the sample, 16% were observed
to be in the simplex stage. Some of these were' partial simplexes' in that no
pharyngeal placoids were present, but stylet primordia were evident. Previous
authors have used frequency plots of body lengths of simplexes and intermoults
in an attempt to deduce the number of moults. This technique was applied to
R. varieomatus. The technique has a number of problems, including possible
sexual dimorphism which would create a bimodal plot. The observation of
active spermatozoa suggests that males were present in the population, though
sexual dimorphism could not be confirmed.
Observations of the ultrastructure of the claw glands, which synthesise new
claws during ecdysis, are consistent with those described for other species.

Biological aspects of Pseudobiotus megalonyx (Thulin, 1928)
(Tardigrada, Eutardigrada) and other freshwater intertidal
tardigrades of the Elbe River, after an oil spill.

Gebhard Erwin Kraft

Georg-Clasen-Weg 17, D-22415 Hamburg, Germany

Abstract:
During a two year survey after an oil spill, sandy and muddy intertidal flats of the Elbe River
were investigated. Pseudobiotus megalonyx (Thulin, 1928) showed high population densities,
and at some sites was the most abundant meiofauna1 species in the mud flats. This species has
been found at several places in the Elbe River, downstream of Hamburg. Less abundant was
Isohypsibius deconincki Pilato, 1971, which was found only in sandy shores. Population
dynamics, behaviour, reproduction and ecology of these tardigrades are discussed in general,
and under the special aspect of the effects of the oil pollution.

Keywords:
Tardigrada, Elbe, intertidal mud flats, Pseudobiotus megalonyx, Isohypsibius deconincki,
reproduction, population dynamics, oil pollution.

THE PHYLOGENETIC POSITION OF THE TARDIGRADA

R. M0BJERG KRISTENSEN

Zoological Museum, University of Copenhagen,
Universitetsparken 15, DK-2100 Copenhagen 0, Denmark

The phylogenetic position of Tardigrada still remains controversial. At the present, two
schools exists: I) The oldest school claims that tardigrades are related to arthropods, and 2)
The newer school claims that tardigrades are aschelminths.
A new general body plan of tardigrades based on electron microscopic investigations is
introduced for phylogenetic consideration. The tardigrades are strictly segmented animals,
consisting of three or four fused head segments and four trunk segments. The plesiomorphic
condition of the brain is one consisting of three major regions: 1) a protocerebrum
innervating the eyes, primary clavae and cirri A; 2) a deutocerebrum innervating secondary
clavae and internal cirri; and 3) a tritocerebrum innervating external cirri, tertiary clava and
the peribuccal sense organs. The stylet muscles are innervated by both tritocerebrum and
the suboesophageal ganglion. The so called salivary glands are homologized with the claw
glands, and the stylets and stylet supports with modified claws. In addition, the following
characteristics indicate an arthropod relationship: segmented legs, procuticle with chitin and
moulting cycle, arthropod-type of sensillae, cross-striated muscles and their attachments,
structure of the reproductive system, Malpighian tubules, rectal pads, and peritrophic
membrane. The light-perception cells in the eyes have both cilia and microvilli, as in
Onychophora.
The discovery of new fossil lobopod animals from the Burgess Shale and related faunas
(Cambrian) indicate a large diversity of marine proarthropods and worms with thick
segmental cuticle, similar to that in present-day kinorhynchs. The hypothesis favouring a
relationship between some aschelminth groups and arthropods has gained support from
recently published ultrastructural and paleontological data. Proarthropods could have
developed from segmented, aschelminth-like animals and not from annelids without a
cuticular moulting cycle. The similarities between arthropods (including tardigrades) and
aschelminths thus may be true homologies rather than surprising analogies.
The conclusion of the phylogenetic discussion is that tardigrades in a few characters are
related to proarthropods, e.g., Onychophora, but in most characters are related to
euarthropods. The tardigrades and euarthropods comprise the sister group to the
onychophorans. Autapomorphic characters for the tardigrades are the nerve commissure
from the protocerebrum to the first trunk ganglion as well as the telescopic mouth and legs.

STUDIES ON THE MORPHOLOGY AND ULTRASTRUCTURE OF THE
MALPIGHIAN TUBULES OF HALOBIOTUS CRISPAE KRISTENSEN, 1982.

N. M0BJERG KRISTENSEN and C. DAHL

Institute of Zoology, University of Copenhagen,
Universitetsparken 15, DK-2100 Copenhagen, Denmark

The excretory and osmoregulatory system of HaLobiotus crispae consists of one
dorsal and two lateral Malpighian tubules emerging from the transition zone of the midgut
and rectum. The two monomorph, lemon-shaped lateral tubules are larger than the dorsal
one. The three Malpighian tubules are identical at the ultrastructural level. Each tubule is
surrounded by a continuous basal lamina and divided into an initial segment with three large
cells and a hindmost segment. The latter is composed of a thin, transitional distal part
lacking a nucleus and a proximal part with 9-12 nuclei. The proximal part opens into the
intestinal system.
The initial segment is characterized by deep basal infoldings and interdigitating,
finger-shaped processes of the plasma membrane, large mitochondria and giant nuclei. The
distal part is a short section which supports the initial segment. It is characterized by large
intercellular canals bounded by conspicuous tight junctions. Cellular offshoots from the
succeeding proximal part constitute the distal part. The intercellular canals, which contain
concretions of variable size, in this way continue in the proximal part. Rough endoplasmatic
reticulum is observed in communication with the nuclear envelope. The opening region of
the proximal part into the transition zone of the midgut and rectum is characterized by the
presence of microvilli. Cuticle is not found in the Malpighian tubules and thus there is no
definitive evidence of an ectodermal origin.
Correlated to different stages in the cyclomorphosis of H. crispae, size variation of
the tubules is observed; thus, pseudosimplex stages have larger Malpighian tubules than the
corresponding active stage. The pseudosimplex stage 2 can be introduced by low salinities.
On the basis of these data, proposals concerning the physiological aspects of the
Malpighian tubules are presented. The Malpighian tubules are both osmoregulatory and
excretory organs. Osmoregulation is related to the initial segment, which is larger in
animals living at low salinities.
The morphology and ultrastructure of the Malpighian tubules of H. crispae IS
compared with similar organs in Pseudobiotus augusti, Macrobiotus richtersi, Isohybsibius
granuLijer, DactyLobiotus dispar and MiLnesium tardigradum.
Finally, on the basis of the information presented on the Malpighian tubules,
considerations regarding the phylogenetic position of tardigrades are discussed.

A REVIEW OF THE MARINE TARDIGRADES OF AUSTRALIA
WITH A DESCRIPTION OF TWO NEW SPECIES
FROM THE CORAL SEA
R.M. KRISTENSEN' and B.S. MACKNESS2

1

Invertebrate Zoology Department, Zoological Museum,
University of Copenhagen, Universitetsparken 15,
DK 2100, Kiilbenhavn 0, Denmark
2

Department of History & Philosophy of Science,
University of Melbourne, Parkville, Victoria,
Australia, 3052

The rust marine tardigrade collected in Australia was Echiniscoides
sigismundi polynesiensis from Port Melbourne, Victoria in 1928. Only
four other taxa have since been recorded - Halechiniscus remanei from a
Queensland beach; Styraconyx craticulus and S. kristenseni from various
localities along the east Australian coast and Wingstrandarctus corallinus
described by Kristensen (1984) from coralline sand from One Tree Island
on the Great Barrier Reef.
This paper presents first records of representatives of the
arthrotardigrade genera including Archechiniscus, Batillipes, Floractus
and Parastygarctus from Australian waters. It also includes descriptions
of Parastygarctus jeanneae sp. nov. and Florarctus landi sp. nov. from
the Coral Sea. Florarctus landi is markedly sexually dimorphic and has
symbiotic bacteria. The bacteria were studied using transmission electron
microscopy. The role of such symbiotic bacteria in the Stygarctidae and
Florarctidae is discussed.

A QUANTITATIVE STUDY OF TARDIGRADES
IN AN ELEVATED MOSS COMMUNITY.
1. SPATIAL DISTRIBUTION AND DENSITIES

B.S. MACKNESS

Department of History & Philosophy of Science,
University of Melbourne, Parkville, Victoria,
Australia, 3052

The tardigrade fauna from a community of mosses, lichens and liverworts
growing on an elevated building awning was examined to determine the
spatial distribution and relative densities of constituent taxa. The
distribution of each plant species was mapped and then 10cm x 10cm
pure stand samples, where possible, were collected for each plant on a
single day. A duplicate set of random samples were also collected.
Environmental factors such as slope, wind exposure, drainage and solar
radiation exposure were noted for each sample. The total water-holding
capabilities of each plant sample was also measured via drying and rehydration. Tardigrades and other microfauna were extracted using bulk
processing techniques and sorted into taxonomic groupings. The
tardigrades were manually counted. Their spatial distribution was then
plotted and relative densities logged.

POSTER

A BIBLIOGRAPHY OF THE TARDIGRADA
B.S. MACKNESS

Department of History & Philosophy of Science,
University of Melbourne, Parkville, Victoria,
Australia, 3052

Since Johann August Ephraim Goeze published tbe first paper on the
Tardigrada - Ueber den kleinen Wasserbiir in 1773, nearly two thousand
individual papers have been written on aspects of tardigrade biology,
including structure, taxonomy and ecology. There have been many
attempts to compile bibliographies ranging from tbose that have tried to
encompass all tardigrade papers at a certain time (e.g. Perty, Schuster,
Homing) or group (e.g. Pollock) to those tbat were part of tardigrade
monographs (e.g. Cuenot, Marcus, Ramazzotti). This poster presents tbe
progress of the most comprehensive attempt at compiling a bibliography
of tbe Tardigrada, showing how each reference is linked to species,
location and journal. It also shows how the work can be used in tbe
analysis of tardigrade research to compile citation records and
biochronologies.

POSTER

A BIOGRAPHY OF TARDIGRADE WORKERS
B.S. MACKNESS

Department of History & Philosophy of Science,
University of Melbourne, Parkville, Victoria,
Australia, 3052

A biography of tardigrade workers is presently being compiled. It will be
used to help trace the history of tardigrade research as well as provide
tardigrade researchers with contact details and personal research files. It is
also being used to document the history of tardigrade research in different
countries. The biography includes both historical figures and those
currently engaged in research. The format of each biographic entry is
illustrated.

THREE-DIMENSIONAL TOMOGRAPHY OF TARDIGRADES
USING CONFOCAL LASER MICROSCOPY
B.S. MACKNESS 1, J. GROSS 2 and R. WALLIS'
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Department of History & Philosophy of Science,
University of Melbourne, Parkville, Victoria,
Australia, 3052
Department of Pathology,
University of Melbourne, Parkville, Victoria,
Australia, 3052
2

, Faulding Imaging,
152 Forster Road, Mount Waverley, Victoria,
Australia, 3149

A variety of features have been used to deliniate species within the
Tardigrada including the length of the buccal tube, claw type and the ratio
of body parts (e.g. buccal tube length/total body length). Problems with
the orientation of specimens under microscope cover slips or on SEM
studs has meant that many of these features cannot been seen or are
subject to distortion and consequently cannot be accurately measured.
Furthermore once tardigrades have been mounted for SEM or light
microscopy it is very difficult to process them for any other types of
study. Confocal laser microscopy has the potential to solve many of these
problems. Both internal and external features can be viewed after
scanning to collect a series of 2-dimensional contiguous slices. Scans can
be generated at O.5 om intervals. Three-dimensional surface reconstruction
facilitates viewing of features such as claws in all planes. Click-on scale
measuring allows for morphometric analysis of taxonomic features using
ancillary statistical packages. Pseudocoloured images can be generated
using a colour look up table which allocates colour according to
flourescence intensities.

VISUALIZATION OF THE SURFACE SCULPTURING OF THE TARDIGRADE,
PSEUDECHINISCUS SUILLUS (EHRENBERG),
EXPLORED WITH ENHANCED LIGHT MICROSCOPY TECHNIQUES.

N. J. Marley and P. M. Rnssell

Department of Biological Sciences, University of Plymouth,
Drake Circus, Plymouth, Devon, PL4 8AA, Britaiu.

Tardigrades are small multicellular animals, measuring between lOOp:111 and 1200.ulll in length. They can

be found in almost every habitat from the poles to the tropics. the mountain tops to the ocean depths. The
Tardigrade Pseudechilliscus suillus (Ehrenberg) belongs to the family Echiniscidae, members of this family have
a species specific arrangement of sculptured plates on their dorsal surface. Recent studies by several workers
around the world have discovered additional sculpturing on the ventral surface of a few species. The
micrographs presented here illustrate specimens collected in Canada and Britain, which form part of the material

now being analysed by one author (NJM) for a filII re-description of this and closely related species.

THE EUTARDIGRADE SYMPHORIANT, PYxmTUM TARDTGRADUM
VAN DER LAND, ITS EUROPEAN DISTRIBUTION AND HOST SPECIFICITY.

N. J. Marley and D. E. Wight

Department of Biological Sciences, University of Plymouth,
Drakes Circus, Plymouth, Devon, PL4 8AA, Britain.

Pyxidillm tardigradllm Van der Land, a ciliate symphoriant which colonises
Tardigrada is described. Its reported European distribution and host Tardigrada species
preferences are summarised and discussed.

THE ANATOMY AND HISTOLOGY OF AMPHIBOLUS WEGLARSKAE DASTYCH.
(EOHYPSIBIIDAE, PARACHELA, EUTARDIGRADA, TARDIGRADA)

N. J. Marley and D. E. Wight

Department of Biological Sciences, University of Plymouth,
Dntke Circus, Plymouth, Devon, PIA 8AA, Britain.

The species Amphibolus weglarskae (Dastych), has been recorded across Northern Europe. Populations
from several localities have been utilised in the this study including specimens from Iceland, Russia and Great
Britain. A full description of this species is given including the eggs and cysts. Percent (pr) ratios for this
species were measured and calculated. These ratios facilitate the identification of this species from other similar
Amphibolus species, when no eggs have been collected.
The anatomy will be demonstrated with particular reference to the methods used for getting these minute animals
successfully into resin blocks. A summary of the results from a histological investigation of A. weglarskae cysts
is presented.

SOME NOTES ON THE ARCTIC TARDIGRADA OF CANADA AND ALASKA,
INCLUDING A NEW ADDITION TO THE NORTH AMERICAN FAUNA.

N. J. Marley and D. E. Wight

Department of Biological Sciences, University of Plymouth,
Drake Circus, Plymouth, Devon, PIA 8AA, Britain.

The arctic Tardigrada of North America has had little work dedicated to it. Previous arctic reports have
looked at several Canadian Islands, hut this is the first report from Ellesmere Island. The Ellesmere Island
samples originated from a 2000 year old caribou antler and its associated hryophytes and lichens. The Alaskan
samples were collected from Point Hope on the Lishurne Peninsula and the Denali National Park, and were
composed of hryophyte and lichen material associated with the ground and some bones. Percent ratios were
measured and calculated for the eutardigrades collected. One new addition to the Tardigrada fauna of North
America is reported and a comparison of the pt ratio data is presented for this species.

SOME DATA ON TARDIGRADA OF ARCTIC AND SUB-ARCTIC TUNDRA.

WALTERMAUCCI

VIAMAMELI 9, VERONA, ITALY.

Summary.

The paper reports some findings obtained from samples collected in a tundra
environment in Greenland (1987 and 1989), Iceland (1990) and Svalbard Islands (1992). In
total, 58 Tardigrada species are reported, out of which only 11 are common to all the three
areas considered. 43 species are reported from Greenland (11 new for this country and one
new for science); 33 species are reported from Iceland (nearly all of them new for Icelandic
fauna); and 21 species are reported from Svalbard Islands (4 of which new for the
archipelagus). A description of Hypsibius pachyunguis sp. nov. is given.

Key words.
Tardigrada; tundra.

Diversity of egg surface morphology in the family Macrobiotidae
(Tardigrada)
S. J. McInnes, P.J.A. Pugh & K. Robinson
British Antarctic Survey, Natural Environment Research Council,
High Cross, Madingley Road, Cambridge CB3 OET, U.K.
Egg shell surface morphology is very diverse within the Tardigrada. and is especially
elaborate in the family Macrobiotidae. where the ornamentation includes a variety of
projections and processes. Egg surface morphology was investigated in six species which
were prepared for low temperature scanning electron microscopy (LTSEM). a rapid
preparation technique which does not use chemical fixatives. thus avoiding dehydration and
minimising distortions.
Eggs were collected from their natural substrata and placed on membrane filters over
distilled water in small sealed chambers, i.e. in an atmosphere of 100% relative humidity
(RH). The membrane filters and eggs were subsequently placed on the pre-cooled stage of
the LTSEM at -160°C. coated with gold, and then examined frozen and fully hydrated.
Examples of the different surface sculpturing include: rounded tubercles enclosing funnels,
e.g. Minibiotus intermedius; simple cones. e.g. Dactylobiotus ambiguus; simple cones with
basal areoles. e.g. Macrobiotus richtersi; simple cones with bifurcate tips and pitted basal
areoles. e.g. Macrobiotus cfr. liviae; inverted crenellate goblets on a smooth surface. e.g.
Macrobiotus cfr. persimilis and inverted crenellate goblets on a reticulate surface. e.g.
Macrobiotus sandrae.
This diversity in surface morphology is based upon a common shell structure, as revealed in
fractured specimens. The ovum of Macrobiotus richtersi for example is surrounded by a
thin basal vitelline membrane and a more peripheral thicker fibrillar layer onto which the egg
shell processes are attached. These shell processes are primarily hollow structures
comprising a double wall connected by a number of struts or trabeculae. The internal
process wall is sometimes perforated by pores. but the outer process wall is imperforate and
any pore-like features are essentially surface depressions. The processes are attached to the
fibrillar layer via small 'podia' derived from a single wall. A slightly different morphology
was observed in Macrobiotus cfr. liviae, where the bases of the processes are surrounded by
areoles (irregular thin areas of wall) which are themselves perforated by fine pores in the
single wall.

The effects of relative humidity on eggs of Dactylobiotus ambiguus
(Macrobiotidae: Tardigrada) from freshwater lakes in the
Maritime Antarctic
S. J. McInnes, P.J.A. Pugh & K. Robinson
British Antarctic Survey, Natural Environment Research Council,
High Cross, Madingley Road, Cambridge CB3 OET, U.K.
Eggs of the family Macrobiotidae are ornamented with surface processes. Eggs of six
species were examined by means of low temperature scanning electron microscopy
(LTSEM), a rapid-preparation technique, which causes minimal distortion, to identify any
possible relationships between the number of surface processes and egg surface area. A clear
correlation was established in one, Dactylobiotus qmbiguus, collected from freshwater lakes
on Signy Island in the Maritime Antarctic. These regression data were used to investigate
possible changes in egg surface structure as a consequence of exposure to low humidity.
Eggs collected from frozen and subsequently thawed lake vegetation were not cleaned of
their adherent surface debris in order to preserve their natural in vivo condition. Control
group eggs (used to calculate the regression line) were placed on membrane filters over
distilled water in small sealed containers, i.e. in an atmosphere of 100% relative humidity
(RH). The filters and eggs were then placed on the pre-cooled LTSEM stage at -160°C,
coated with gold, examined and photographed while frozen and hydrated.
The experimental eggs were divided into three groups of 5 to 10 eggs, each of which were
initially placed on dry membrane filters over 77% v/v aqueous glycerol solution in sealed
containers, i.e. in an atmosphere of 50% RH. After 15 hours, one group was prepared for
LTSEM, while the other two were transferred to different containers, with one kept over
glycerol and the other over distilled water. i.e. in atmospheres of 0% and 100% RH
respectively. After 15 hours both sample groups were prepared for LTSEM.
The number of papillae, current egg surface area and volume were determined from the SEM
images. Then using the number of papillae and the regression data calculated for the control
group, the original volume and hence the volume change of each egg within the three
experimental groups were estimated.
Exposure to sub-saturated air causes changes in egg morphology, including a collapse of the
surface papillae (at 0% RH) and a shrinkage in egg volume (to 84±18% of original volume at
50% RH and 52±27% at 0% RH). The shrinkage at 50% RH, at least, could be reversed by
subsequent exposure to a saturated atmosphere.
The changes in both egg surface relief and overall volume caused by desiccation are clearly
reversible. suggesting that the eggs may be viable after desiccation and that the observed
'recovery' is a truly physiological process and not simply water absorption. Further
physiological research, including the hatching of previously deydrated/rehydrated eggs is
needed to substnntiate egg viability.

TARDIGRADES OF THE AUSTRALIAN ANTARCTIC TERRITORIES:
CASEY BASE, EAST ANTARCTICA
W.R. MILLER 1, J.D. MILLER2, and H.F.HEATWOLE 3•
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Department of Zoology, University of New England, Armidale,
New South Wales 2351, Australia
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Queensland Department of Environment and Heritage, P.O. Box
5391, Townsville, QLD., 4810, Australia.

3

Department of Zoology, North Carolina State University, Raleigh,
North Carolina 27695, U.S.A.

During the austral summer of 1982-83, members of the Australian
National Antarctic Research Expeditions (A.N.A.R.E.) conducted a general
survey of the tardigrades found in mosses and lichens collected in the ice
free areas around the Australian Research Base at Casey, East Antarctica.
The tardigrade taxa are reported for the Windmill Islands and Bailey, Clark,
Mitchell and Browning Peninsulas.
Some species reported include
Pseudechiniscus suillus, Diphascon pinguis, Diphascon chilenense, Hypsibius
antarcticus, and Hypsibius renaudi.
Tardigrade distribution throughout the study area is presented. Several
aspects of sample diversity and distribution are discussed for three
dimensional moss samples. Interspecific association data is also presented.

PHYLOGENETIC POSITION OF THE TARDIGRADA BASED ON THE
18S RIBOSOMAL RNA GENE SEQUENCES
SEUNG YEO MOON
Department of Molecular Biology, Seoul National University,
Seoul 151-742, Korea

Tardigrades are considered as enigmatic because some of their
somatic characters are found also in other animal groups, such
as the Aschelminthes (rotifers, gastrotriches, nematodes) and the
protostome eucoelomates (annelids, onychophorans, arthropods).
The absence of clear fossil records and detailed embryological
data for tardigrades has contributed to the difficulty of
interpreting whether these
characters are homologous
or
analogous.
The debates on the phylogenetic position of the
Tardigrada have focused on whether the taxon branches from the
annelid-arthropod lineage, or lies within the arthropod complex.
The molecular data presented here from an analysis of the 185
rRNA gene sequences is used to test the validity of these two
hypotheses.
The 185 rRNA gene sequence of the tardigrade Hypsibius sp. was
determined and compared with those sequences known from other
invertebrates:
the nematode
(Caenorhabditis elegans) ,
the
arthropods (Eurypelma californica, Artemia salina, Ten ebri 0
molitor) , annelid (Chaetopterus sp.), mollusk (Cryptochiton
stelleri) ,
sipunculid
(Golfingia
gouldii)
and
nemertine
(Cerebratulus lacteus).
The platyhelminthes, Dugesia tigrina,
was designated as the outgroup, and sequences were aligned using
the CLUSTAL program. Relatively conserved sequences were chosen
and regions of ambiguous alignments were excluded from the
analyses.
Inference by parslmony analysis was consistent with that of
distance matrix (neighbor-joining): 1. The Tardigrada is a sister
group of the protostome eucelomata assemblage, not in or close
to the arthropod clade but evolved before the arthropods,
annelid, mollusk, and sipunculid.
2. The Tardigrada clade is
also a discrete lineage apart from the nematode clade.
Although the exact position of the Tardigrad is unknown at
present,
these results dismiss
the hypotheses
that
the
tardigrades have the aschelminth relationship, or have affinities
to annelids and/or arthropods. The molecular data presented here
strongly suggests that several morphological features, considered
significant in determining the phylogeny of tardigrades, have
been acquired through convergent evolution.

A PRELIMINARY REPORT ON THE TARDIGRADA OF THE
INSIDE PASSAGE, ALASKA.
D.R. NELSON and GILBERT HALE.
Department of Biological Sciences, East Tennessee State
University, Johnson city, TN 37614, USA.

During a two-week cruise of the Inside Passage, 24 July 9 August, 1992, 23 samples of mosses and lichens from various
substrates were collected from six port cities in Alaska. The
Inside Passage is a 1000-mile strip of land and sea along the
coast of Alaska (USA) and British Columbia (Canada). Collections
were taken from the southern-most port of Ketchikan (8 samples),
north to Wrangell (2 samples), then Juneau (5 samples), Skagway
(4 samples), Valdez (2 samples), and the northern-most port of
Seward (2 samples). In general, the number of species present
declined along the south-north gradient; species diversity
(richness) ranged from 15 species in Ketchikan to 5 species in
Seward. However, the small number of samples collected may have
affected the species diversity. The number of species per sample
ranged from a to 10, with a mean of 4.2. Only two of the samples
were negative. Slides were made of approximately 600 individuals
and 100 eggs (primarily Macrobiotus), and 22 species of
tardigrades have been tentatively identified (16 eutardigrades
and 6 heterotardigrades). One group of specimens may represent a
new genus; however, further study is warrented before this
determination can be made.

TWO NEW SPECIES OF TARDIGRADES
FROM ROAN MOUNTAIN, TENNESSEE-NORTH CAROLINA.
D.R. NELSON 1 and K.L. McGLOTHLIN 2 .
1 Department of Biological Sciences, East Tennessee State
University, Johnson City, TN 37614, USA.
2 Department of Biological sciences, Clemson University,
Clemson, SC 29634, USA.
The ecological distributions of tardigrade species from six
sites on Roan Mountain, Tennessee-North Carolina were determined
in a study begun by D.R. Nelson in 1971. Three new species of
eutardigrades were discovered in Nelson's study, but remained
undescribed. A follow up to that study was initiated by K.L.
McGlothlin in 1988 to determine the effects of man-made and
natural disturbances, passage of time, and natural forest
succession on tardigrades in epiphytes on beech trees at two of
Nelson's original collection sites. Two of Nelson's three new
eutardigrade species were rediscovered by McGlothlin and one new
heterotardigrade species was found. The description of one of
the eutardigrades, Hypsibius roanensis, was published previously.
Two remaining species, one Calohypsibius and one Pseudechiniscus,
will be described at the symposium

TWO RENAUDARCTIDS (ARTHROTARDIGRADA)
FROM RYUKYU ARCHIPELAGO, JAPAN.
H. NODA

Department of Biology, Tokyo Women's Medical College, 8-1 Kawada-cho, Shinjuku-ku,
Tokyo 162, Japan.

Two species of the family Renaudarctidae Kristensen & Higgins, 1987 were obtained
from coarse coralline sand from Kabira (24 27' 22" N, 124 8' 36" E), Ishigaki-jima Island,
Ryukyu Archipelago, Japan. Sediment samples were collected from 15 cm under the sand
surface at middle intertidal zone on a coralline sandy beach, 29 Aug. 1993 (ca. 400 cm' of
sand) and 23 Nov. 1993 (ca. l000cm'). Renaudarctids occurred only from the former sample.
Stygarctus sp., Parastygarctus higginsi Renaud-Debyser, 1%5, Halechiniscus sp., Florarctus
spp., Raiarctus sp., Styraconyx nanoqsunguak Kristensen & Higgins, 1984, Tholoarctus
natans Kristensen & Renaud-Mornant, 1983, Batillipes pennaki Marcus, 1946, B. similis
Schulz, 1955 (?), Anisonyches sp. were occurred from the same locality.
0

0

1) Renaudarctus psammocryptus Kristensen & Higgins, 1987: Five specimens were
obtained. These specimens are well accord with the original description by Kristensen and
Higgins (1984) and no differences are observed.

2) Gen. (?) sp.: Only a single specimen (adult male ?) was obtained. Body shape is like
that of Renaudarctus psammocryptus, although it lacks thickening body plates. Head shape
resembles that of R. psammocryptus. A pair of large plates are present beside the mouth cone.
These structure may be reduced secondary clavae. Accessory cuticular structure of trunk is
different from that of R. psammocryptus. Trunk has no lateral cuticular projections and has a
single caudal spike. Dorsal cuticle is thin and has no thickening plates. Each of legs I-Ill has a
small knot anteriorly, a distal spike posteriorly, and 4 extremely short digits. Each digits has a
large claw ornamented with a thin thread-like dorsal spine. Leg IV has a coxal spike internally,
a drop-shaped papilla externally, 2 digits, and 2 small processes beside the digits which may be
reduced external digits.
This species has a great affinity with Renaudarctus psammocryptus especially in the
structure of digit. But several differences observed in cuticular armature on trunk and legs may
justify a erection of a separate genus in the family Renaudarctidae.
Occurrence of Renaudarctus psammocryptus from the Western Pacific far from the type
locality (the East coast of the North America) suggests that this species has a worldwide
distribution. But another possibility is that Renaudarctus or the Renaudarctidae has a relict
endemic distribution likc the order Xiphosurida (Arthropoda, Merostomata).

THE THEORY OF THE MESODERM SECONDARY LAYER
AND THE ENTEROCOELY IN THE TARDIGRADES
GIOVANNI PILATO

Dipartimento di Biologia Animale dell'Universita di Catania
Via Androne 81, 95124 Catania, Italy

Erlanger (1895) was the first to affirm that the tardigrades must
This statement was
be considered an enterocoelic group.
confirmed by Wenck (1914) and by Marcus (1929).
Sometimes we find a stranger situation: more than one mechanism
of coelom formation is recognizable within the Brachipoda and
within
the
Enteropneusta;
sometimes
(some Enteropneusta,
Chordata) different portions of the coelom form by different
mechanisms.
Till now nobody has explained these strange phenomena.
The purpose of this paper is to underline that the new
phylogenetic theory (that I proposed in 1992 and named "theory
of endoderm secondary layer") allows the solution of that problem
and of a series of other problems not satisfactorily solved by
other phylogenetic theories.
For the same reason it is understandable that in some groups
different portions of the coelom forms by different mechanisms.
Pointing out some facts, I suggest that the endoderm is not a
primary but a secondary layer arising from a primordial
ectomesenchyme. Soon, after the differentiation of the endoderm,
an acceleration in the differentiation and the settling of the
latter began. Because of that acceleration, the endoderm reaches
its place before at least a part of the mesoderm, so an
endomesoderm appears.
When that acceleration is not marked the endomesoderm, more or
less precociously, parts from the endoderm forming a cellular
mass, which afterwards becomes hollow; when that acceleration is
a little more marked the endomesoderm parts from the archenteron
wall either as mesenchyme (Phoronida) (Hyman 1940, 1959; Zimmer
1964, 1980; Siewing 1974, 1975; Emig 1974, 1976, 1982; SalviniPlawen 1978, 1980), or as cellular solid masses, from which,
later, the coelomatic pockets rise (form); when the acceleration
is more marked, the endomesoderm parts (already structured as an
epithelium) from the archenteron wall giving origin to the coelom
by typical enterocoely.
A difference in the degrees of the acceleration of endoderm
settling should explain why in different groups of the same
evolutionary line coelom can develop in different ways.
This
study
was
dell'Universita e
Italy.

supported
by
della Ricerca

a
grant
from
"Ministero
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DISTRIBUTION OF HETEROTARDIGRADES IN JAPAN.
K. UTS UG I.

Departmentof Biology, Tokyo Women's MedicalColiege,
Kawadacho 8-1, Shinjuku-ku, Tokyo, Japan.

Japanese heterotardigrades were identified and classified from specimens which were
obtained from mosses and lichens collected from about 1600 stations in main cities and
suburban areas in Japan during 1983 and 1993. Twenty-six species of heterotardigradeswere
found in all samples including 21 species of genus Echiniscus, 4 species of genus
Pseudechiniscusand one species of genus Cornechiniscus.
Among these tardigrades, 6 species: E. japonicus, E. baius, E. crassispinosus, E.
fischeri, E. viridissimus, and P. !acettaliswere found to be widely distributed in many urban
and suburban areas. However, E. japonicus which was first reported by Dr. Morikawa from
Shikoku in 1951 seems to be distributed in the south-west of Japan. I could not find this
species at any stations in Hokkaidoand could be rarely found in northern Japan. Distribution
of these 6 species will be shown in illustrated maps.
On the other hand, 16 species: E. canadensis, E. elegans, E. kerguelensis, E.
laterospinosus, E. limai, E. merokensis, E. re/iculari!; E. rugospinosus, E. spiniger, E.
tesselatus, E. testudo, E. virginicus, E. viridis, E. sp., P. bartkeiand Co. loba/us could only be
found at one or two stations.
The remaining 4 species: E. dreyfusi, E. lapponicus, P. ramazzotti, and P. suillus could
be found at 4-8 stations of several cities and suburban areas. It is expected that more kinds of
tardigrades will be found in Japan by continuing to examine broader areas.

NEW RECORDS ON MARINE TARDIGRADA IN THE
MEDITERRANEAN SEA

S. VILLORA-MORENOI and S. DE ZIO GRlMALDI2

1
Laboratorio de Biologia Marina. Departamento de Biologia Animal.
Univertitat de Valencia. Avda. Dr. Moliner, 50. 46100-Burjassot, VALENCIA
(SPAIN). Present address: Observatoire Oceanologique de Banyuls. CNRS
URA 117. F-66650 BANYULS SUR-MER (FRANCE).
2
Istituto di Zoologia ed Anatomia Comparata. Universita degli Studi di
Bari. Via E. Orabona 4. 70125 BARl (ITALY).

Marine Tardigrada has been studied in the Mediterranean Sea, mainly from the
southern italian coasts, and therefore Tardigrada records from the oriental and sudwestern Mediterranean basin are scarce.
Meiofauna from Chafarinas Archipelago (NW coast of Africa, Western
Mediterranean) were studied during July-August 1991 within the framework of a
benthos survey. Tardigrada were removed from the remainder meiofauna and
identified to species level.
A total of 15 species, belonging to the families HALECHINISCIDAE,
STYGARCTIDAE, BATILLIPEDIDAE and ECHINISCOIDIDAE, were identified:
Haleehiniseus greveni, H. perteetus, H. remanei (Sbf HALECHINISCINAE); Aetinaretus
physophorus, A. ef doryphorus (Sbf TANARCTINAE); Styraeonyx nanoqsunguak, S.
eratieulus (Sbf STYRACONYXINAE); Floraretus aeer, F. asper, F. einetus, F. hulingsi, F.
stellatus (Sbf. FLORARCTINAE); Stygaretus bradypus (F. STYGARTIDAE); Batillipes
mareelli (F.BATILLIPEDIDAE) and Eehiniseoides sigismundi hispaniensis (F.
ECHINISCOIDIDAE).

Four species are new records for the Mediterranean Sea: Floraretus asper,
Fstellatus, Facer and Aetinaretus doryphorus.

ENVIRONMENTAL HETEROGENlTY AND THE BIODIVERSITY OF
MARINE TARDIGRADA

S. VILLORA-MORENOI and M. GARCIA-CARRASCOSA

Laboratorio de Biologia Marina. Departamento de Biologia Animal.
Univertitat de Valencia. Avda. Dr. Moliner, 50. 46100-Burjassot, VALENCIA
(SPAIN). IPresent address: Observatoire Oceanologique de Banyuls. CNRS
URA 117. F-66650 BANYULS SUR-MER (FRANCE)

Marine Tardigrada from Chafarinas Archipelago were studied during JulyAugust 1991 within the framework of a benthos survey. Different sedimentary
environments, ranged from 0 to 60 m depth, were surveyed: mud, sand, muddy sand,
Amphioxus gravel, heterometric and biogenic sediment in mixed environments
(seagrass meadows and littoral ponds) and midlittoral sand or gravel. Qualitative and
quantitative samples were collected using a 2 I box-corer and 10 cm2 area corer.
Tardigrada were not present in all sedimentary environments. Communities of
pure mud and sandy mud were devoid of tardigrada. Batillipes marcelli was the unique
tardigrada species identified in the community of very fine sands (in agreement with
the preferences of family Batillipedidae).
Fourteen species were identified in the communities of mixed environments. In
these communities the high heterogenity of interstitial environments provides a lot of
microhabitats that support a high biodiversity. Halechiniscus greveni was the more
abundant species. Gravel of "Amphioxus" showed a high diversity of meiofauna
groups and tardigrada species. Florarctus stellatus and Halechiniscus greveni reached
its higher densities in this community.
Midlittoral pools and very shallow gravels and sands, showed an outstanding
richness of tardigrada, with the species Styraconyx nanoqsunguak, S. craticulus,
Stygarctus bradypus, Florarctlls hulingsi, F cinctus, Halechiniscus remanei and
Echiniscoides sigisl11undi hispaniensis.
Cluster analysis of sampling stations using tardigrada species as descriptors,
pelmits us to distinguish nearly the same groups that when the analysis is performed
with environmental factors.
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We report here on minute bodily preserved and secondarily phosphatized fossils have been etched from limestones of the Middle Cambrian of
Siberia. Their egg-shaped, slightly flattened and smooth body is between 250
and 350 }lm long and carries three pairs of stumpy limbs. Not only size and
gross shape of the fossils matches that of extant tardigrades, but also details are
strikingly similar, such as the pit-like mouth, associated by velum-like walls a
slightly raised area anterolaterally (suction device?) and the sensillum on either
side, the limbs with paired hooks or claws that can be withdrawn at their outer
edge, while articulating medially, and minute plate-shaped knoblets between
the limbs. These characters are found particularly in heterotardigrades, but
aome are also developed in eutardigrades. An explanation for the lower
number of limbs as compared to extant tardigrades may be that the fossils
represent larvae. Since extant tardigrades have epimorphic growth and hatch
with the definite number of limbs, the Siberian fossils are considered as
tardigrades in the sense of representatives of their stem-group. After the
recognition of ancestral onychophorans and stem-group pentastomids in the
Lowermost Palaeozoic, this new find from Siberia pushes also the fossil record
of tardigrades more than half a Billion years back into the Cambrian.
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Shape and extension of the cerebral ganglion of the eutardigrade
Milnesium tardigradum was reconstructed three dimensionally using If.Lm serial
sections of resin embedded specimens. In addition some of its ultrastructure is
described.
The cerebral ganglion lies above the buccal tube and adjacent tissue
like a saddle. It has an anterior indentation traversed by two muscles which arise
from the cuticle of the forehead. The ganglion consists of a lateral outer lobe
(bearing an eye) on each side and two inner lobes extending caudally. Between
the inner lobes a cone-like projection tapers into a nerve bundle. Each outer
lobe is connected with the second ventral ganglion and the epidermis.
Anteriorly the cerebral ganglion continues in three precerebral ganglia which
innervate the three "upper" oral papillae. Two further ganglia supply the lateral
cephalic papillae. The three "lower" oral papillae are probably innervated by
the first ventral ganglion.
The cerebral ganglion is covered by a fibrous sheath. The pericarya that
surround the neuropile have large nuclei. Towards the axons in the center of the
ganglion the cytoplasm is crowded with vesicles of different size and structure.
Some of them resemble synaptic vesicles, others dense core bodies. With respect
to their structure different types of synapses and axons can be distinguished.
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26 species and morpho-species of tardigrades from 5 different families were obtained from
160 moss samples collected from 4 localities in the "Cordillera Real de los Andes" occidental
basin (La paz - Bolivia) at altitudes of 3800 to 4700m. Five of the morpho-species are
probably undescribed.
The frequency, abundance and habitat preference of each tardigrade species are related to
altititude and the microclimate humidity by means of analysis of variance on 40 qualitative
samples, comparing samples within and between sites. The relationship between the
different tardigrade and moss species are also estimated.
The zoogeographical relationships of the tardigrade species present in the Bolivian Andes are
discussed.
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