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Abstract: Palacoscolecidans (? Annelida) are known from the Cambrian 1o the Silu-
rian; in Bohemia they occur from the Arenigian to the Dobrotivian only. The state of
preservation of specimens from Bohemia enables detailed description of cuticle morpho-
logy. ultrastructure, and discussion of the systematic position of palaeoscolecidans.
Their locomotion and mode of life is discussed, too. The family Plasmuscolecidae, and
the genera Bohemoscolex, Gamascolex, and Plasmuscolex are erected. Five new species
together with three indeterminable specimens are described in the systematic part.
In addition, the description of a new genus Titerina (T. rokycanensis sp. n.) is given;
this belongs probably to Chaetognatha.

b Prirodovideckd fakulta Univerzity Karlovy, Albertov 6, 128 43 Praha 2
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Introduction

The palaeoscolecidans are a characteristic group of annelid-like metazoans with
uniform body plan: their bodies are composed of several hundreds of identical,
usually papillate segments without distinct traces of cephalization, body append-
ages, chaetae, and with rigid, resistant cuticle, They range from the Early Cambrian
to the Late Silurian, and judging from their rarity in fossil records, they were
uncommott elements in benthic marine assemblages during the Lower Paleozoic
age.

The finds of palaeoscolecidans have been reported under the generic names
Palacoscolex and Protoscolex from the Cambrian (CoNway-MORRIs 1977, CoN-
wAY-MORRIS - RoBisoN 1986, GLAESSNER 1979, RoBisoN 1969), Tremadocian
(OWENs - ForTEY - COPE - RUSHTON - BASSETT 1982, WHITTARD 1953), Middle —
Upper Ordovician (CONWAY-MORRIS - PICKERILL - HARLAND 1982, RUEDEMANN
1925, UrLricH 1878), and Silurian (BATHER 1920, MIKULIC - BRIGGS - KLUESSEN-
poRF 1985). In Bohemia, palacoscolecidans range from the Arenigian (Klabava
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Formation) to the Dobrotivian (Dobrotivd Formation). Apart from “Palacoscolex”,
three distinct new genera are present in our material. Additional material suggests
further palaescolecidan species, but the material is not sufficient for determination
and description of new taxons.

In the present paper we describe a minute, worm-like fossil of unclear affinity
(recalling Chaetognatha), which occurs in Arenigian rocks, too.

Depositories: The material is deposited in the collections of the Geological
Survey, Prague (GS-MM, GS-p), collections of the National Museum, Prague
(NM-L) and collections of the District Museum of Dr. B. Horik, Rokycany
(OMR).

Acknowiedgements: We are grateful to S. Conway-Morris (University of
Cambridge, England) for useful discussion and lean of information about palaeo-
scolecidans; J. R. Prokop (National Museum, Prague) for the privilege to examine
the collections; J. Kulich (Charles University, Prague) for making SEM photos;
Z. Kotrba (Geological Survey, Prague) for EMA investigation ; M. Kunst (Charles
University, Prague) for making the photos of Titerina.

Material and methods

The hitherto reported finds of palaeoscolecidans (WHITTARD 1953 a.0.) come
from shales or siltstones. Palaecoscolecidan remains are mostly strongly flattened
and folded, showing overall shape of bedies, fine details (papillae, pustules), and
more rarely internal structures (jaws, gut). An essential part of Bohemian specimens
comes from grey-green, dark-grey or reddish clayey or micaceous shales, and their
remains are deformed in the same way, too. Several specimens from the Dobrotivd
Formation have been obtained from siliceous nodules, and in spite of the wrinkling
of their bodies, they are preserved as internal and external moulds, occasionally
with cylindrical shape of the trunk preserved. These two different modes of pre-
servation enable recognition of cuticle deformation during the compression. This
is an important circumstance for investigation of the species available as flattened
imprints only. All specimens of palaeoscolecidans are preserved as moulds or im-
prints of cuticle; the soft parts of the body are preserved very scarcely. The cuticle
was undoubtedly more resistant than other parts of the body, and it is not ex-
cluded, that cuticle may be moulded as in recent priapulids (SHAPEERO 1962), or that
the cuticle may be loosened from the rest of body wall by sudden contraction of
body wall or decay (compare CoNwAY-MoRRIS 1977, p. 11).

The overall rarity of palaeoscolecidans influenced our methods. Apart from
natural imprints and remains of original cuticle substance, latex casts have been
used for SEM investigation.
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List of specimens

“Palacoscolex” tenensis sp. n.: Arenigian, Klabava Formation, 4 metres above base of formation.
GS-MM 199: minute fragment of trunk, preserved in wrinkled, flattened position in reddish
shale; locality Téné (text-fig. 1/1).

Gamascolex herodes gen. et sp. n.: Dobrotivian, Dobrotivd Formation.

NM-L 24634: slightly deformed trunk, preserved as internal and external moulds in siliceous
nodule, holotype; locality Malé Prilepy (text-fig. 1/8).

NM-L 24636: short part of slightly deformed trunk, preserved as internal and external mould
in siliceous nodule; locality Malé Pfilepy (text-fig. 1/8).

NM-L 24637: short part of strongly wrinkled trunk, preserved as internal and external moulds
in siliceous nodule; locality Malé Prilepy (text-fig. 1/8).

NM-1. 24638: short part of slightly deformed trunk, preserved as internal and external moulds
in siliceous nodule; locality S4rka (texe-fig. 1/9).

NM — without number: short, poorly preserved part of trunk in siderite oolitic ore; locality
“Veronika’ mine near Kafizek (rext-fig. 1/10}.

GS-MM 118: part of trunk of large, slightly flattened specimen, preserved as internal and external
moulds in siliceous nodule; locality Malé Pilepy (text-fig. 1/8).

GS$-p 5050: almost complete specimen, with one terminal preserved, composed of more than
250 segments. Trunk preserved as internal and external moulds, partly flattened, in siliceous nodule;
locality Malé Pfilepy (text-fig. 1/8).

OMR 11799: flattened part of large trunk, partly preserved as imprint in micaceous shale, partly
as internal and external moulds in siliceous nodule; locality Hirka hill near Stary Plzenec (text-fig.
1/12).

Bohemoscolex holubi gen. et sp. n.: Arenigian, Klabava Formation, Corymbograptus v-similis
Biozone.

OMR 9595: flattened part of trunk with coiled terminal part in clayey shale; locality Rokycany —
hospital (text-fig. 1/2).

Plasmuscolex_klabavensis gen. et sp. n.: Arenigian, Klabava Formation, Tetragraptus abbreviatus
Biozone.

OMR 18726: long part of trunk without teriminals, preserved in flattened position in clayey shale,
holotype; locality Klabava — Stary hrad (text-fig. 1/5).

'OMR 18198: almost complete minute specimen, preserved in flattened position in clayey shale;
locality Klabava — Stary hrad (text-fig. 1/5).

OMR 18727: fragmental decayedxpart of trunk, preserved in fiattened position in clayey shale;
locality Klabava — Stary hrad (text-fig. 1/5).

OMR 10500: almost complete specimen of minute size, preserved in flattened position in clayey
shale. Trace of burrow activity preserved; locality Rokycany — Stréf (quarry) (text-fig. 1/6).
Plasmuscolex nero gen. et sp. n.: Dobrotivian, Dobrotivd Formation.

NM-L 24635: slightly deformed, contracted part of trunk, preserved as internal and external
moulds in siliceous nodule; locality Sdrka (text-fig. 1/9)

OMR 11679: slightly flattened part of trunk and terminal, preserved as internal and external moulds
in micaceous shale, holotype; locality Sutice hill near Stary Plzenec (text-fig. 1/11).
Palacoscolecida gen. indet. A: Arenigian, Klabava Formation, Tetragraptus abbreviatus Biozone.
OMR 18171: short fragment of very small, slightly flattened trunk in clayey shale; locality Klabava
— Stary hrad (text-fig. 1/5).

Palaeoscolecida gen. indet, B: Arenigian, Klabava Formation, Holograptus tardibrachiatus Biozone.
OMR 18751 poorly preserved, strongly flattened part of trunk in clayey shale; locality Rokycany —
Vaicha (text-fig. 1/3).

Palaeoscolecida gen, indet. C: Llanvirnian, Sérka Formation, Corymbograptus retroflexus Biozone.
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OMR 9055: poorly preserved part of trunk in siliceous nodule; locality Myto (text-fig. 1/7).
Tirerina rokycanensis gen. et sp. n.: Arenigian, Klabava Formation, Holograptus tardibrachiatus
Biozene.

OMR 15334A-C: complete (A) and fragmental (B, C) specimens, preserved in flattened position
in clayey shale; locality Rokycany — Strdf (gully, section 7) (text-fig. 1/4).

Table 1
Stratigraphic occurrence of Bohemian palacoscolecidans and Titerina

Series Formation Graptolite Biozone Qccurrence

DOBROTIY Dobrotivd DSamascoiex  herodes [IPlasmuscoiex nero

Bidymograptus
clavulus

LLANVIRN | Sdarka .
Corymbegroptus

retrafiexus OPalgepscolacida €

Tetragraptus

abbreviatus DPiusmuscoiu klgbovensis

OPataeoscotecida A

Holograptus B Titering rokycanansis
ARENIG Klabaova tordibrachialus GPolososcalacida B
Corymbograptus DBohemescolex  holubi
v—sgimilis

0 “Polgeoscolex” tenersis

1. Distribution of Lower Ordovician rocks in the Prague basin
Localities: I — Téng, 2 — Rokycany (hospital), 3 — Rokycany (Valcha), 4 - Rokycany (Strai,
gully, section 7), § — Klabava (Srary hrad), & — Rokycany (Stréd, quarry), 7 — Myto, & —
Malé Ptilepy, 9 — Sdrka, 10 — Kafez {mine “Veronika™), 11 — Stary Plzenec (Sutice hill),
12 — Stary Plzenec (Horka hill); B -— Beroun, H — Hoiovice, P — Praha, R — Rokycany
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Terminclogy

Recent annelid terminology is applied to structures of palaeoscolecidans cut-
icle which seem to be homologic with cuticular structures of recent annelids.
The terminology is the same as in RicHARDS (1978). New terms are introduced
where necessary.

Central band: Transverse band, with or without tubercles in mid-length of each segment.
Dorsal (ventral): These terms are used in description sense only, they do not indicate the
original orientation of animal anatomy.

Epicuticular projections: Minute, short, mound to papillae-like outgrowths, covering densely
outer cuticular surface.

Intersegmental furrow: Deep, transversal cutting between two adjacent segments.

Length of segment: Distance between bottoms of two adjacent intersegmental furrows.
At coiled specimens measured at mid-width of fiattened body.

Longitudinal ridge (furrow): Longitudinal, fine ridge {or suture) on dorsal and ventral
outer cuticular surface.

Segment: Annulation on cuticle, anteriorly and posteriorly bordered by intersegmental furrows.
Tubercles: Circular to elongate, more or less distinctly bordered elevations, encircling in several
{usually two) rows outer cuticular surface of each segment {= papillae in WHITTARD 1953).
Tubercle band: Transverse band along margin or at mid-length of each segment, bearing
tubercles.

Tubercle impression: Strong to obscure impressions on inner cuticular surface, corresponding
in arrangement to tubercles of outer cuticular surface.

Tubercle projections: Minute, thorn-like outgrowths extending externally from the tops of
tubercles.

Tubercle slopes: Slopes connecting top of tubercle with adjacent outer cuticular surface.

hes (cs): Half (total) circumference of segment, usually it is equal to the width of flattened
specimen; diameter of body = cs/m.

‘T2: Number of tubercles per 2 mm at single tubercle band.

$10: Number of non-contracted segments per 10 mm.

0sc  isc [s—el—tabm—— S0 =i itbich itb]
A B ¢

2. Morphology of cuticle of palaeoscolecidans

A — undeformed cuticle, B — flattened cuticle, C — structures of single segment, D — tubercle
with adjacent surface of cuticle {outer surface and lateral view)

cb — central band, d — diameter of body, ecp — epicuticular projections, Acs -~ half circum-
ference of segment, if — intersegmental furrow, fsc — inner surface of cuticle, /s — length of
segment, osc — outer surface of cuticle, t — tubercle, #b — tubercle band, i — tubercle impres-
sion, 1p — tabercle projections, ts — tubercle slope, S10 — number of non-contracted segments
per 10 mm, T2 — number of tubercles per 2 mm
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Morphology of cuticle

The excellent preservation of cuticular structures of Gamascolex and Plasmusco-
lex enabled reconstruction of palaeoscolecidan cuticular structures, their inter-
pretation, and comparison with cuticular structures of recent annelids. We consi-
der, that cuticular structures, especially shape and spacing of tubercles, are signif-
icant features of palaeoscolecidans, applicable for erection of new taxons, The
variability of corresponding structures within single species is very low and it is
only slightly influenced by the absolute size of specimen.

External structures of cuticle

Epicuticular projections: The entire outer cuticular surfaces of Gamasco-
lex and Plasmuscolex, apart from tubercles, are densely covered by fine outgrowths
(= epicuticular projections). In Gamascolex, they are subequal in size (7 —10 um),
circular to almost rectangular in outline. Epicuticular projections show no regular
arrangement in central band, but they are arranged in irregular longitudinal rows
between two adjacent tubercles at tubercle bands at dorsal side (pl. V, fig. 4). In
areas adjacent to intersegmental furrow, the epicuticular projections are arranged
in 12 to 16 transversal rows, they are larger and nearly rectangular in outline
{pl. V, fig. 4). The bottoms of intersegmental furrows are covered by epicuticular
projections of the same shape, too (pl. IV, fig. 5). The ventral side of the cuticle
in Gamascolex shows slightly different spacing of epicuticular projections in
comparison with the dorsal one, described above. The transversal rows of epi-
cuticular projections bounding intersegmental furrows are less distinct. In tubercle
bands, the areas with alternating rows of unequally large projections appear. There
are large projections (15—20 pm) surrounded by smaller ones (5 —7 um; pl. VI,
fig. 1). Judging from negative imprints of outer cuticular surface, the epicutic-
ular projections are mound to papillae-like in shape, less than 10 pm high.

Epicuticular projections in Plasmuscolex are papillae-like in shape, less than 5 pm
in diameter, uniform in size, arranged in oblique rows (pl. IX, fig. 5). This type of
epicuticular projections appears at the bottoms of notches between two adjacent
tubercles in tubercle bands. The second type of epicuticular projections are smaller,
less regularly spaced and densely crowded outgrowths in central bands (pl. IX,
fig. 6; pl. XI, figs. 1, 2). Additional Bohemian palaeoscolecidans show similar,
often very complicated structures in outer cuticular surface (pl. XV).

The two size categories of epicuticular projections and their spacing (larger along
segmental margins, smaller in central bands) are typical palacoscolecidan features.
The similar ornamentation patterns have been observed at palacoscolecidans by
WHITTARD (1953), RoBisoN (1969), and CoNway-MoRRis - RogisoN (1986), too.
In a shape and arrangement, the epicuticular projections of palaeoscolecidans recall
epicuticular projections or microvilli of recent annelids (RICHARDS 1978). '
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Tubercles: Tubercles are variably developed large outgrowths or elevations,
forming two, exceptionally one transversal bands on each segment. Stage of tubercle
complexity differs in each genus.

Plasmuscolex possesses simple tubercles. Its tubercles are strong, longitud-
inally elliptical to pear-shaped steep elevations, with indistinct boundaries with
the rest of the cuticular surface (pl. IX, figs. 4 —6; pl. XI). Tubercle projections are
very similar in the shape and spacing to epicuticular projections, differing only
in having larger size, and they cover entire tubercle surface.

Gamascolex has two types of tubercles. The dorsal type tubercles are formed by
moderately elevated platforms, longitudinally elliptical to nearly circular,
70 —250 um long (pl. V, figs. 3, 4; pl. VI, fig. 2; pl. IV, fig. 4). Their width is nearly
uniform. The length of tubercles depends on their position on the body ; the longest
tubercles are located on dorsal side, whereas lateral and ventrolateral ones are
shorter, attaining nearly circular outline. Tubercles in central band on ventral side
of Gamascolex are conical in shape, with circular outlines, and are uniform in size
(pl. 1V, figs. 1, 2). Tops of all tubercles (dorsal and ventral) are smooth, without
epicuticular projections, but bear two longitudinal rows of tubercle projections.
The total number of tubercle projections depends on the size of the tubercle and
ranges from 4 to 14.

Tubercles of Palaeoscolex were described by WHITTARD (1953). On the whole
they are similar to tubercles of Gamascolex. “Palacoscolex™ tenensis, although
poorly known, shows another type of tubercles. They are concave externally, with
scallop-shaped or spinned margins and with undercut margins; their outline is
longitudinally elliptical. Indeterminable palaeoscolecidans and Bohemoscolex
indicate that tubercles are prominent, highly differentiated, but probably un-
necessary structure of palaeoscolecidans.

Tubercle projections have been interpreted as bases of minute chactae (WHIT-
TARD 1953); this assumption has been discussed by CONWAY-MORRIS - ROBISON
(1986). In recent annelids, the chaetae originate in epidermal follicles and penetrate
the cuticle (STEPHENSON 1930). We suppose that tubercle projections did not house
the chaetae due to their compact structure built of cuticular material, and their
spacing. Tubercle projections are in contracted segments in opposite position;
therefore, the suggestion that they bear the chaetac is hardly acceptable.
Tubercles were more probably some sense organs. They externally recall
wart-like structures serving as secretory cells openings in some priapulids
(HamMmonp 1970).

Longitudinal ridge: Longitudinal ridge or furrow shows a very fine struc-
ture on outer cuticular surface. The ridge is developed both on dorsal and ventral
sides, and the body along the ridge is bilaterally symmetrical. In Bokemoscolex the
ridge is substitued by a furrow. Longitudinal ridge was observed in Gamascolex and
Plasmuscolex, but undoubtedly it was present in other palaeoscolecidans, too
(pl. IV, figs. 1, 2; pl. XIV, fig. 3).
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Internal structures of cuticle

The cross-lamellar structure is preserved in original cuticular substance of
Gamascolex. The lamellae lie at an angle of 60° to one another and at 60° to the body
axis (pl. VI, figs. 3, 4). Lamellae are subequal in size, 2 —3 um wide, several times
repeating throughout the thickness of the cuticle, overlapping one another. The

3, Sections through cuticle of
palacoscolecidans (Gama-
scolex), and recent annelids
(Branchiobdella)

A — Gamascolex herodes,
% 1800, B - Branchiobdella
pentodonta, » 18 000

cut — cuticle, epi — epider-
mis, ¢f — collagen fibres,
on — cuticle matrix, ecp —
epicuticular projections,
fil — felt-like layer (epi-
cuticle), mic - microvilli;
B — according to FARNESI
(1973)

cross-lamellar structure is developed in the whole cuticle except for tubercles.
Tubercles are built of amorphous material with no structure visible. Cross-lamellar
structure recalls cross-lamellar arrangement of collagen fibres in the cuticle of
recent annelids (RicHARDs 1977). The angles contained by collagen fibres range
from 45° (FARNESI 1975) to 90° (STEPHENSON 1930). In recent annelids, however,
the fibres are much slender than those in palaeoscolecidans, they reach 0.3 —0.5 um
in diameter only.

The size difference between the palaeoscolecidan and recent annelid fibres is
difficult to explain, since the thickness variability of collagen fibres in recent groups
is very restricted. In spite of this difference we believe that both structures are
identical.

Segmentation

The question of segmental units is widely discussed by ConwAY-MORRIS -
RopisoN (1986). They suggest that boundaries between segments lie between papil-
late bands, in the unarmed (== central) bands. However, the unarmed bands are
covered by finer ornamentation only in comparison to the remaining segmental
surface. The overall uniformity of palaeoscolecidan body plan suggests that seg-
mental boundaries lie in mid-length. between two tubercle bands, and they are
marked by deeply cut grooves (intersegmental furrows). The segmental deform-
ations on the inner side of coiled specimens (pl. II, fig. 2) and the formation of
transversal ridges in contracted segments are better explainable by presumed seg-
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ment boundaries than by the opinion of CoNwAy-Morris - RoBisoN (1986).
It should be emphasized, however, that outer segmentation (and/or annulation)
of a cuticle does not necessarily reflect the internal metameric segmentation.

Chemical composition of cuticle

The cuticle is fossilized by dark brown-grey material, which changes into light
grey-blue due to the effects of weathering. The EMA investigation of unweathered
Gamascolex and Bohemoscolex cuticles enables to estimate the chemical composi-
tion. The cuticle is composed of Ca, P, and traces of Fe, S, and Si (C omitted).
P: Ca ratio ranges about 4:5, and is almost constant in all the measured sites. It is
evident that the cuticle is fossilized by apatite or other phosphatic minerals (Ca:P
ratio is as in apatite standard).

Systematic position of palaeoscolecidans

The discussions about relationships of palacoscolecidans have been given in
papers of BATHER (1920), WHITTARD (1953), and more recently of CoNWAY-Mor-
RIS - RoBison (1986).

Our recent knowledge of palaeoscolecidans is based almost entirely on their
cuticle shape; other features (shape of the gut, jaws) possess only limited taxonomic
value. Lack of information about soft parts of the animal (e.g. reproductive system)
and about structures of body terminals makes our assumptions about palaeo-
scolecidans affinity tentative. The main palaeoscolecidan features are as follows:

1) Firm, rigid, against decay rather resistant cuticle. The cuticle of recent
annelids, although thick in some groups (RICHARDS 1979), is probably less resistant
in comparison with the cuticle of palaeoscolecidans. Palaeoscolecidans occur in the
rocks with rich assemblage of skeletal animals. Although the cuticle of palaeo-
scolecidans is undoubtedly secondarily phosphatized, no soft-bodied or lightly
skeletized animals are preserved in the same rocks, in spite of common bioturbation
and presence of scolecodonts.

2) Internal cross-lamellar structure of the cuticle. Cross-lamellar structure of
the cuticle observed at Gamascolex strongly resembles similar structures in the
cuticle of recent annelids (RicHarDs 1977; RUTSCHKE 1970; STORCH - WELSCH
1970). '

3) Absence of cephalization and parapodia, both common in polychaetes.
Palaeoscolecidans share with oligochaetes poorly differentiated body terminals, but
the latter exhibit some structures (e.g. clitellum) unknown in palaecoscolecidans.

4) Presence of jaws. Two specimen of Palaeoscolex piscatorum possess structures
interpreted as the jaws (WHITTARD 1953). In our material no similar structure was
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observed, but that was due to the limited number of body terminals. Presence of
jaws may be a significant feature distinguishing palaeoscolecidans from oligo-
chaetes (WHITTARD 1953 ; COoNWAY-MORRIS - ROBISON 1986).

5) Absence of chactae. No signs of chaetac are preserved on the material avail-
able. Tubercle projections, interpreted as chaetae bases (WHITTARD 19533), are
probably of other origin. In the remaining cuticular surface, uneven structures
interpreted as chaetae or chaetae epidermal follicles (pores, penetrations through
the cuticle) are absent. It is evident that palaecoscolecidans are without large chaetae;
tiny, hair-like chaetae and cilia lack potential for preservation and their traces in the
cuticle may be very delicate. Thus, the question of tiny chaetae presence/absence
remains open for future investigation.

6) Double bands of tubercles (or papillae) encircling each segment in majority
of palaeoscolecidans are of arrangement unknown in any recent annelid groups.
However, some taxons (Bohemoscolex) indicate that the body plan significantly
deviates from the definition of palacoscolecidans given by CoNnway-MORRIS - Ro-
BISON (1986).

In external shape, the leeches (Hirudinea) are the closest of annelids to the
palaeoscolecidans. Both groups share some features (presumed absence of chaetae,
probably duplicated external annulation), but there are significant differences
{absence of a sucker and higher number of segments in the latter). Similar external
shape of the cuticle as that in palaeoscolecidans is developed in some nematodes
(BosTROM - GYDEMO 1983; WIDER - Barud - TEnoORA 1978), and priapulids
(Conway-Morris 1977; HammoxDp 1970; Por 1983).

Locomotion

Recent annelids commonly used propagate waves for crawling or burrowing
{TRUEMAN 1978). Each locomotion wave results in shortening — lengthening
cycle, forming retrograde or direct waves. The limit to the changes of dimension
and on that depending dimension of wave is met by the elastic limit of muscles
and of the body wall (Gray 1968). ’

Palaeoscolecidans have rigid, flexible but only slightly elastic cuticle covering
the entire body surface. In a single segment, the thickness of the cuticle, and on
this depending elasticity, varies. The central bands and areas flanking inter-
segmental furrows are built by a thinner cuticle in comparison with the cuticle
thickness in tubercle bands. Accordingly, the former were more elastic than the
latter. In Gamascolex, the dorsal and lateral parts of segments were able to form
a fold along the central band and a deep groove along intersegmental furrow.
Tubercle bands remain without change, becoming only steeply inclined (text-fig. 3;
pL. IV, fig. 4). Ventral side of Gamascolex, bearing tubercle rows in central band
of each segment, formed a set of extremely convex segments during contraction;
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it exhibited no sharp transversal ridges in central bands of the segment (pl. IV,
figs. 1, 2). In Plasmuscolex, non-contracted segments show gently elevated central
bands with tubercle bands moderately inclined toward intersegmental furrows.
At the beginning of contraction, tubercle bands are recurved, becoming steeply
sloping towards the intersegmental furrows; central bands are without change or
form a slightly concave transversal depression (text-fig. 4). Further contraction

muscles  epidermis  cuticle B 4. Schema of contraction of
z segments at Gamascolex (A)
and Plasmuscolex (B)
a — non-contracted seg-
ments, & — segments at
beginning of contraction,
¢ — maximum contraction.
Arrows indicate muscle con-
traction. Note origin of
folds (A-b) and depressions
(B-b) at the beginning of
contraction

formed in central bands sharp, prominent ridges similar to the fold of Gamascolex.
Tubercles in the tubercle bands of adjacent segments are nearly touching each
other, forming tooth-like clinching in maximally contracted segments (pl. XI,
fig. 2; pl. X1I, fig. 5). In Bohemoscolex contracted segments have developed sharp
ridges in the central bands.

The contraction of palaeoscolecidan segments is significant, reaching almost
1/3 —1/4 of the non-contracted length (pl. IX, figs. 1, 2). Due to this strong con-
traction we suppose that intersegmental septa allowed migration of coelomic
fluids, or that the external segmentation does not reflect underlying metameric one.

The function of tubercles as a penetration anchor (CONWAY-MORRIS - ROBISON
1986) is questionable. During body contraction the tubercles are not in contact
with the sediment (except for the ventral side of Gamascolex) because of their
location along segmental margins. The transversal sharp ridges originating during
contraction in the central bands have more probably function as the penetration
anchor.

The elastic lengthening and shortening developed in recent annelids have been
partly substituted in palaeoscolecidans by folding and straightening of each seg-
ment. Locomotive propagate waves originating by the repeated folding - straight-
ening cycles allowed crowling and burrowing of the palaeoscolecidans.

Mode of life
Palacoscolecidans were supposed deposit feeders (WHiTTARD 1953). Their
cylindrical body, absence of body appendages, and poorly or no differentiated
dorsal and ventral sides indicate infaunal mode of life (RoBISON 1969; CoNwAY-
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MORRIs - RORISON 1986). Trace od burrowing activity is preserved in Plasmuscolex
klabavensis (specimen OMR 10 500). The short, cylindrical (secondarily flattened)
coiled burrow is preserved close to the body terminal. This trace (Planolites-like)
indicates infaunal mode of life of palacoscolecidans, too.

Growth

Four specimens of dif-
ferent size enable estim-
ation of the growth chan-
ges during ontogeny in
Plasmuscolex  klabavensis
(text-fig. 5).

5. Graphs indicating growth

changes of Plasmuscolex kla-
bavensts
Graphs showing dependence
of hcs (in mm) on the:
a — number of tubercles
equal to 1 mm? of body
mass (dot), & — bulk of
10 mm long sequence of
cylindrical body (in mm?3;
cross), ¢ — surface of body
equal to 1 mm? of the body
mass (in mm?; circle). It is
evident that palaeoscoleci-
dans show quick relative
growth during early adult
stage. During evenly in-
creasing bulk of body
number of body outgrowths
{= tubercles) and corre-
sponding surface of body
quickly decrease. This de-
crease was very quick origin-
ally but became more slow
later
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Pathology

Pathologic malformations are rather comrnon in Gamascolex. Imperfect or
irregular course of a segment is the most common malformation; it is marked by
bifurcation or fusing of intersegmental furrows. Segments are discontinuous (pl.
III, fig. 5) or fused (pl. I1I, fig. 4). Fine details of cuticle (tubercles a.0.) are often
fused or show irregular course. Different malformations are represented by much
shorter segments laying between longer ones (pl. IV, fig. 1). This pathologic
malformation differs in ornamentation and tubercle shape, too. These pathologic
malformations did not originate due to injury, they are more probably results of
growth deffects of the animal.

?Annelida LAMARCK, 1809

Palaeoscolecida ConwaY-Morris et RoBIsoN, 1986

Palaeoscolecidae WHITTARD, 1953

Genera assigned: Palaeoscolex WHITTARD, 1953 ; Middle Cambrian — Lower
Ordovician.
Gamascolex gen. n.; Lower Ordovician.
?Protoscolex ULRICH, 1878; Upper Ordovician —Upper Silurian.

Species probably belongs to the family: Palaeoscolex antiquus
(GLAESSNER, 1979; Lower Cambrian.

Palaeoscolex WHITTARD, 1953

“Palaeoscolex™ renensis sp. n.
Pl I

Holotype: Specimen GS-MM 199, figured on pl. I.
Type horizon and locality: Arenigian, Klabava Formation, 4 metres above base; Téné.

Description: The fragment of flattened trunk less than 0.7mm wide, with
prominent transversal rows of tubercles. Boundaries between segments indistinct.
Tubercles densely arranged in transversal tubercle bands, probably two in each
segment. All tubercles equal in shape and size. They are about twice longer than
wide {maximum length is nearly 90 pum), elliptical, with strongly scalloped to
spined margins of outer tubercle surface. The outer surface of tubercle concave,
tubercle slopes vertical to nearly undercut. Inner tubercle surface (= corresponds
to tubercle impression) is concave, too, and bears shallow circular pits in two
longitudinal rows. Pits in spacing and number correspond to spines of outer tu-
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bercle surface. If the width of preserved trunk is equal to the whole cuticle, there
are 40--50 tubercles in one tubercle band; T2 = 50 —70.

Gamascolex gen. n.
Type species: Gamascolex herodes gen. et sp. n.

Diagnosis: Large palaeoscolecidan with probably cylindrical body composed
of more than 250 equal segments. Body with differentiated dorsal and ventral
sides of the cuticle. Each segment with two transversal rows of tubercles; elongate
dorsal flanking intersegmental furrows and circular ventral in central band. Outer
surface of tubercles with prominent, paired tubercle projections. Microornamen-
tation of fine epicuticular projections, papillac-like to mound-like in shape. Inner
cuticle surface nearly smooth, with obscure tubercle impressions. Intersegmental
furrow simple, narrow, sharply cut but rather shallow. Longitudinal ridge devel-
oped both on dorsal and ventral sides.

Discussion: Gamascolex differs by its tubercle shape and differentiated dorsal
and ventral sides from Palaeoscolex. Moreover, the new genus attains much larger
size than other palacoscolecidans.

Species: Gamascolex herodes gen. et sp. n.; Ordovician, Dobrotivian, Dobro-
tivd Formation; Bohemia.

Gamascolex herodes gen. et sp. n.
Pis. II-VI; pl. VIII, fig. 3

1978 Paleoscolex sp.; MERGL, p. 28

Holotype: Specimen NM-L 24634, figured on pl. III, figs. 1, 2 and pl. IV, figs. 1, 2, 4.
Type horizon and locality: Dobrotivian, Dobrotivd Formation; Malé Piflepy.

Shape of the body: The largest flattened specimen 20 mm wide (= 12 mm
in diameter at originally cylindrical body), the smallest 7.5 mm wide (= 5 mm
in diameter). Body slightly tapering at terminal parts, with terminals suddenly
ended. Maximum of segments preserved is 248, the entire animal possesses 300 to
400 segments. Segments 0.4 1.2 mm long, their length depends on absolute size
of the specimen, but within one specimen varies only a little (text-fig. 5). Inter-
segmental furrows narrow, sharply cut, shallow, simple. Judging from the frag-
ments, the absolute length of non-contracted specimen may reach 20 to 40 cm.
S10 = 9—25. T2 = 13-25.

Outer surface of the cuticle: The dorsal side of each segment (about 2/3
of body circumference) has two transverse bands of regularly spaced low tubercles
along segment margins. The central band smooth apart from microornamentation.
Dorsal tubercles 70—80 pm wide and 180—250 pm long, with slopes gently

23



decreasing to the adjacent surface. Size and shape of tubercles correspond to
location on the body (dorsally they are longer). Tubercle projections arranged in
two longitudinal rows, arising from the outer surface of tubercles, numbered
12—14 on the dorsal side, laterally and ventrally their number decreases to 4
(2 pairs). Ventral third of the segment bears conus-shaped tubercles of circular
outline, 90 —110 um in diameter and comparatively high,arranged in two irregular
rows in the central band. Margins of segments on the ventral side are without
tubercles or with minute, irregularly spaced tubercles of dorsal type. Ventral
tubercles have 4 tubercle projections at their tops, identical in shape with those
on the dorsal side. The contact of both tubercle types is rather sharp. The dorsal
tubercles suddenly become much smaller, and are arranged closer to the inter-
segmental furrows. Ventral tubercles suddenly appear in the central band between
dorsal ones. In one transverse row, there are 60 to 120 tubercles of dorsal type and
28 to 40 ones of ventral type. Their number is nearly identical at adjacent segments
but decreases toward body terminals. On dorsal and ventral sides the fine longi-
tudinal ridge, slightly elevated above segmental surface, is developed.

Microornamentation : The outer cuticular surface is densely covered, apart
from tubercles, by very fine epicuticular projections, mound to papillae-like in
shape. They cover the bottoms of intersegmental furrows, too. For details on their
shape, size and spacing see chapter Morphology of cuticle.

Inner surface of the cuticle: The inner surface of the cuticle is smooth,

80

6. Histogram of segment length-variability of Gamascolex herodes
hes — half circumference of segments (in mm), mm — length of segments (in mm), % — per-
centage presence; n = 25--40 segments
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with prominent transversal ridges corresponding to the intersegmental furrows.
Tubercle impressions poorly preserved, elongate in outline. Other internal
structures not preserved.

Plasmuscolecidae fam. n.

Diagnosis: Palaeoscolecidans with two transverse bands of indistinctly bord-
ered tubercles on each segment, with tubercle tops and slopes covered by poorly
differentiated tubercle projections. Dorsal and ventral sides not differentiated.

Discussion: Plasmuscolecidae differs from Palacoscolecidae WHITTARD, 1953
in having a simpler external morphology of the cuticle, and especially poorly
differentiated tubercles and tubercle projections.

Genus assigned : Plasmuscolex gen. n.; Lower Ordovician.

Plasmuscolex gen. n.

Type species: Plasmuscolex nero gen. et sp. n.

Diagnosis: Medium-sized palaeoscolecidan with probably cylindrical body
composed of more than 200 segments, with undifferentiated dorsal and ventral
sides of the body. Segments equal in size, bordered by very deep intersegmental
furrows. Each segment with nearly smooth central band, and two tubercle bands.
Tubercles ridge-like, strong, elliptical to pear-shaped in outline, with indistinct
boundaries, entirely covered by tubercle projections, Quter cuticular surface
densely covered by epicuticular projections, more coarse at tubercle bands. Inner
surface of cuticle with prominent ellipsoidal tubercle impressions. Number of
tubercles at one tubercle band is nearly constant, and ranges from 50 to 70.

Discussion: Plasmuscolex differs from other palaecoscolecidans in having
a different shape of tubercles and in poorly differentiated tubercle projections.

Species: Plasmuscolex nero gen. et sp. n.; Ordovician, Dobrotivian, Dobrotiva
Formadon; Bohemia.

Plasmuscolex klabavensts gen. et sp. n.; Ordovician, Arenigian, Klabava Formation;
Bohemia. :

Plasmuscolex nero gen. et sp. n.
PL. VII; pl. VIIT, figs. 1, 2; pL. IX

1978 Paleoscolex sp. (sp. n.}; MERGL, p. 44

Holotype: Specimen OMR 11 679, figured on pl. VII, pl. VIII, figs. 1, 2 and pl. EX, figs. 4—6.
Type horizon and locality: Debrotivian, Dobrotivda Formation; Sutice hill near Stary
Plzencc.
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- Shape of the body: Flattened body 4.5 mm wide (= 4 mm in diameter in
originally cylindrical body). Segments 0.45—0.55 mm long in non-contracted
position, equal in size, separated by narrow, deep intersegmental furrows. The
single known terminal of the body composed of identical segments, slightly tapering
to the terminal. The maximum of segments preserved is 90, but entire animal
possesses probably 200 —300 segments. Absolute length of non-contracted speci-
men may reach 70—150 mm. S10 = 18 —22,

Outer surface of the cuticle: Each segment possesses strongly elevated
central band, 70 —80 %, as long as the segment, with both marginal tubercle bands
steeply sloping toward intersegmental furrows. Both these slopes are deeply
notched in regular intervals, forming zig-zag course of the central band. The
strong, elliptical ridge, originating between two adjacent notches has an identical
function as the tubercle in other palaeoscolecidans. Tubercle surfaces are covered
with very fine tubercle projections, arranged in several (6 —8) longitudinal rows.
The tubercle projections are the largest at the tubercle tops and moderately de-
crease in size toward tubercle margins, near the bottom of notches they pass into
epicuticular projections without clear boundaries. Dorsal and ventral longitudinal
ridges very fine, preserved only at bottoms of notches. One tubercle row exhibits
55 —60 tubercles.

Microornamentation: The bottoms of notches in tubercle bands are covered
with regularly spaced (in oblique rows), papillae-like epicuticular projections.
“They are less than 5 um in diameter being slightly higher than wide. The surface

7. Histogram of segment length-variability of Plasmuscolex klabavensis and P. nero species
Explanation as in text-fig. 6
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of central bands is covered with low, pustule-like, densely crowded epicuticular
projections, less than 3 um in diameter,

Inner surface of the cuticle: Inner surface of the cuticle bears on each
side of segment a lot of short, sharp ridges corresponding with the notches of the
outer surface of the cuticle. Elliptical, deeply cut tubercle impressions are developed
between ridges; their surface is convex internally.

Internal structures of the body: Specimen NM-L 24635 has preserved
0.6 mm wide and 2 mm long cylindrical structure, which may be sedimentary
infilling of the intestine.

Plasmuscolex klabavensis gen. et sp. n.
Pls. X—XIII

Holotype: Specimen OMR 18726 figured on pl. X as fig. 1, 2 and pl, XI.
Type horizon and locality: Arenigian, Klabava Formation, Tetragraptus abbreviatus Bio-
zone ; Klabava, Stary hrad.

Shape of the body: The largest flattened specimen is 3.5 mm wide (= 2.3mm
in diameter), the smallest only 0.5 mm wide (= 0.3 mm in diameter). Overall shape
of the body is the same as that in P. nero. Maximum of segments preserved is 250,
Segments are 0.04 —0.4 mm long, their length depends on specimen size. Absolute
size of non-contracted specimens ranges from 10 mm to more than 100 —150 mm.
S10 = nearly 275 in minute specimen; in adults 20 —30.

Outer surface of the cuticle: In arrangement of tubercles, tubercle pro-
jections and shape, size, and spacing of epicuticular projections this species is the
same as P. nero, differs only in having pear-shaped outline of tubercles.

Family uncertain

Bohemoscolex gen. n.

Type species: Bohemoscolex holubi gen. et sp. n.

Diagnosis: Large palacoscolecidan-like worm with body composed of more
than 150 (probably several hundreds) identical segments. Dorsal and ventral sides
probably undifferentiated; intersegmental furrows sharp and deep. Central band
with gently wrinkled, shallow groove. Surface of segments smooth, with no signs
of tubercles or papillae except for very minute (less than 30 wm in diameter) circular
structure irregularly spaced. Narrow, sharply cut longitudinal furrow is developed
on the ventral (?) side.

Discussion : Bohemoscolex is assigned to the palaeoscolecidans on the basis of
1) very long body composed of several hundreds identical segments with distinct
boundaries, 2) rather rigid cuticie, and 3) by thinner cuticle along central bands
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allowing folding of contracted segments. However, the new genus lacks tubercles
and the outer surface of the cuticle does not bear epicuticular projections. Moreover,
palacoscolecidans have developed longitudinal ridge; this is substituted by a deep
furrow in Bohemoscolex. Polygonal structure of cuticle is unknown in other palaeo-
scolecidans, too.

Species assigned: Bohemoscolex holubi gen. et sp. n.; Ordovician Arenigian,
Klabava Formation ; Bohemia.

Bohemoscolex holubi gen. et sp. n.
Pl X1V

Holotype: Specimen OMR 9595 figured on pl. XIV.

Type horizon and locality: Arenigian, Klabava Formation, Corymbograptus v-similis Bio-
zone; Rokycany — hospital.

Name: After Karel Holub, outstanding collector in Rokycany.

Shape of body: Flattened body 11 mm wide (= 7 mm in diameter at origin-
ally cylindrical body). Body terminals unknown. Maximum of segments preserved
is nearly 90. Segments 0.6 —0.7 mm long, all subequal in length. Intersegmental
furrows narrow, deep, simple. Judging from a single coiled specimen, the absolute
length may reach minimally 8 —12 ¢m in uncontracted specimen. S10 = 16 —18.

Quter surface of the cuticle: Tubercle bands smooth, without tubercles
or similar structures. Central band with wrinkled shallow groove. Remaining
surface of the cuticle with minute circular structures, irregularly spaced, at some
places forming indistinct, longitudinal rows. These structures represent shallow
pits or hollow secondarily broken outgrowths infilled with clayey substance.
Narrow sharp and deep longitudinal furrow is developed on the ventral (?) side.
SEM investigation shows small areas with polygonal structures, irregularly spaced
on the outer surface of cuticle. Polygons are about 8 pm in diameter, bordered by
less than 1 pm wide interspaces. This structure of cuticle may be interpreted as
imprints of epithelian supporting cells (compare epithelian moulds of some fossil
inarticulate brachiopods; CURRY - WiLLIAMS 1983). The structure and arrange-
ment of fine circular structures irregularly spaced on the surface of the cuticle
recall papillae in intrapapillate zone of Palacoscolex antiguus (GLAESSNER, 1979,

Palaeoscolecida gen. indet, A
Pl XV

Description: Body finely segmented. Cuticle composed of several layers,
with some structures dissimilar and/or showing reverse spatial orientation of the
structures in comparison with other palaeoscolecidans. Single fragment (pl. XV) is
probably a positive imprint, showing outer surface of the cuticle. Specimen shares
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with palacoscolecidans deep intersegmental furrows, rigid cuticle, and slightly
contracted segments forming folds. Tubercle projections form outgrowths more
or less regularly spaced in shallow depressions.

However, tubercles are substituted by shallow depressions of semiglobular
shape ; they are arranged along intersegmental furrows and their number is unclear.
Epicuticular projections are substituted by shallow pits, covering whole surface
of the segment. Close to segmental margins they are longitudinally elongate, be-
come nearly circular to hexagonal in outline at central bands. The bottoms of the
pits are smooth, but their walls are vertically striated.

If available imprint represents an external mould, then segments are bordered
by strong ridges, structures of cuticle are reverse compared to aforementioned
ones, and contractions of segments originate by concave bending.

Occurrence: Arenigian, Klabava Formation, Tetragraptus abbreviatus Bio-
zone; Klabava — Stary hrad locality.

Palaeoscolecida gen. indet. B

Description: Distinctly segmented, 14.3 mm long fragment of a trunk, due
to poor preservation with only segmentation preserved. Maximum width = 6.7 mm,
length of segment 0.25—0.3 mm. S10 = 38 —42.

Occurrence: Arenigian, Klabava Formation, Holograptus tardibrachiatus
Biozone; Rokycany — Valcha locality.

Palagoscolecida gen. indet. C

Description: Short part of distinctly segmented trunk with no other struc-
tures visible. Length of trunk = 25 mm, maximum of width = 8 mm, length of
segment 0.3—0.4 mm. S10 = 26—27.

Occurrence: Llanvirnian, Sarka Formation, Corymbograptus retroflexus Bio-
zone; Myto locality.

#Chaetognatha LEUCKART, 1854
Class, Order and Family uncertain
Titerina gen. n.

‘Type species: Titerina rokycanensis gen, et sp. .

Description: Worm-like body minute, elongate, at mid-length gently
widened. Anterior part distinctly differentiated. Jaw apparatus composed of
a single pair of large, hollow, slightly incurved spines, with anterior ends narrowly
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pointed (= grasping spines). The anterior part of the body exhibited preserved
intestine. Both sides of intestine are bordered by narrow, axially strongly elongate
structures, which have the same location as ovaria at recent chaetognaths. In poste-
rior terminal of 2 single specimen the remains of fibrillar structure are presérved
(= fin?). The posterior third of the body (behind the intestine) contains globular,
tiny (less than 70 um in diameter) bodies, with shallow concave depression on their
surfaces (pl. XVI, fig. 5).

Preservation: All specimens arc preserved in dark brown organic substance,
forming thin film on the bedding plane. Grasping spines, some parts of intestine
and globular bodies show three-dimensional preservation. Ovaria and remaining
parts of the intestine are flattened and are distinguishable by their darker colour
only. Minute globular bodies are fossilized by transparent, brown-red substance.

Remarks: Titerina recalls Chaetognatha by its anatomy, but this assignment is
only provisional. Spadella (according HYyMAN 1959) is morphologically the closest
to the new genus. Titerina shares with Chaetognatha: 1) elongate, worm-like body
of minute size; 2) jaw apparatus with paired, slightly incurved grasping spines.
Titerina has one pair, but recent chaetognaths have four pairs minimally. Complex,
multipaired grasping spine apparatus is known from the Cambrian (SZAMAWSKI
1982), but grasping spines may be absent in poorly developed specimens (SCHRAM
1973); 3) The intestine of Titerina ends at 3/5 of the body length and determines
location of the trunk-tail septum and anus. The space in the posterior part of the
body may correspond to tail coelom of recent chaetognaths; 4) remains of fibres
at the posterior terminal of the body recall by location and shape supporting rays
in the fin of recent chaetognaths; 5) elongate, narrow spots running parallel with
the body axis and rimming the intestine recall by location and shape the ovaria
of recent chaetognaths.

Species assigned: Type species only.

Titerina rokycanensis gen. et sp. n.
Pl, XVI1, text-fig. 8

Holotype: Specimen OMR 15334A figured on pl. XVI as figs. 1, 4; text-fig. 8A.
Type horizon and locality: Arenigian, Klabava Formation, Holograptus tardibrachiatus
Biozone; Rokycany — Strad (gully, section 7).

Description : see description of the genus. The width of the intestine depends
on mode of preservation, non-deformed has 40 um in diameter, width of the flat-
tened one ranges from 10 to 250 pm. Posterior end of the intestine reaches 3/5
of the body length. The paired elongate structures bounding the intestine (ovaria)
have anterior ends at half-length the intestine, and nearly reach trunk-tail septum,
The globular tiny bodies with concave depression at their surfaces have been
observed mainly at posterior part of the body. They have been found at specimens
OMR 15334A (35 bodies) and OMR 15334B (3 bodies). The diameter of these
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8, Titerina rokycanensis gen. et
Sp. n.
Specimens OMR 15334A
(A), 15334B (B), 15334C

{(C), and reconstruction of
anatomy ()
an — anus, gb — globular
bodies, gs — grasping spines,
f — fin, in — intestine,
Pov — ovaria, te — tail
coelom, rs - trunk-tail
septum
Table 3
Dimensions of Titerina rokycanensis gen. et sp. 1.
! maximum of length of ' width of
specimen i lengehi of body bedy width grasping-spines grasping spines
l {in mm) {in mm) (in mm) . (in mm)
OMR 15334A 4.9 0.7 0.41 . 0.06
OMR 153348 3.1 0.4 0.48 i 0.06
OMR 15334C i 34 067 I — | —

bodies ranges from 20 to 70 um, and apart from 4 bodies, all have been found at
posterior third of the body. Close to specimen 15334B and 15334C a lot of minute,
cylindrical, 50 —70 um long and 35 —55 pm wide dark bodies have been found.
They are distributed near the posterior third of specimens and may be interpreted
as coprolites. Specimen 15334C shows squeezing of these bodies from broken part
of the intestine.

K tisku doporucil M. Plicka
Prelozil M. Mergl

References

BarrER, F. A. (1920): Protoscolex latus, a new “‘worm” from Lower Ludlow beds. — Ann. Mag.
natur. Hist., (9), 5, 124—132. London.

BosTrOM, S. - GYDEMO, R. (1983): Intraspecific variability in Acrobeloides nanus (de Man),
Anderson (Nematoda, Cephalobidae} and a note on external morphology. — Zool, Scr., 12,
4, 245255, Oxford,

31



CONWAY-MORRIS, S. (1977): Fossil priapulid worms, — Spec. Pap. Palaeont. 20, iv-155.
London.

CONWAY-MORRIS, S. - PICKERILL, R. K. - HARLAND, T. L. (1982): A possible annelid from the
Trenton Limestone (Ordovician) of Quebec, with a review of fossil oligochaetes and other
annulate worms. — Canad. J. Earth, Sci., 19, 2150 2157. Ottawa.

Conway-MORRts, S. - RoBISON, R. A. (1986): Middle Cambrian Priapulids and other soft-bodied
fossils from Utah and Spain. — Palaeont. Contr., 117, I —22. Lawrence.

CUrRrY, C. B. - WILLIAMS, A. (1983): Epithelian moulds on the shells of the early Paleozoic bra-
chiopod Lingulela. — Lethaia, 16, 2, 111—118. Qslo.

Farupst, R. M. (1973): Ultrastructural examination of the cuticle of Branchiobdella pentodonta
Whit. — Boll, Zool., 40, 371 —373. Padova.

GLAEsSNER, M. F. (1979): Lower Cambrian Crustacea and annelid worms from Kangaroo Island,
South Australia. — Alcheringa, 3, 21 —31. Sydney.

GRrav, J. (1968): Animal Locomotion. Weidenfeld and Nicolson. London.

HAMMOND, R. A. (1970): The surface of Priapulus caudatus (Lamarck, 1816), Nemanthelminthes,
Priapulida. — Z. Morph. Okol. Tiere, 68, 255-- 268. Berlin.

Hyman, L. H. (1959): The Invertebrates: Smaller coclomate groups. — McGraw-Hill. New
York.

MERGL, M. (1978): V¥sledky paleontologického vyzkumu ordoviku v §irSim okoli Starého Plzence.
— Sbor, Zapadotes. Muz, Pfir,, 28, 3—70. Pizea.

MixuLic, D. G. - BriGas, D. E. G. - KLUESSENDORF, J. (1985): A Silurian Soft-Bodied Biota. —
Science, 228, 715 — 717, Washington.

OwENS, R. M. - ForTeY, R. A. - CoPE, ]. C. W, - RUSHTON, A. W. A. - Bassert, M. G. (1982):
Tremadoc faunas from the Carmarthen district, South Wales. — Geol. Mag., 119, 1, 138,
Cambridge.

Por, F. D. (1983): Class Seticoronaria and phylogeny of the phyllum Priapulida. — Zool. Scr.,
12, 4, 267272, Oxford.

RIcHARDS, K. 8. (1977): Structure and function of the oligochaete epidermis (Annelida). In: Com-
parative Biology of Skin. — Spearman ed., R. L. C, No. 39. 171 —183. London.

—  (1978): Epidermis and Cuticle, fn: Physiology of Annelids. Mill ed., Academic Press, 33 —61.
London.

Robison, R. A. (1969): Annelids from the Middle Cambrian Spence Shale of Utah. — ]. Paleont.,
43, 1169 — 1173. Menasha.

RUEDEMANN, R. (1925): Some Silurian (Ontarian) faunas of New York. —— Bulletin (N. Y. 5t. Mus.),
265, 5 —134. Albany.

RuUTSCHKE, E. (1970): Zur Substruktur der Cuticula der Egel (Hirudinea). — Z. Morphol. Okol.
Tiere, 67, 97— 185. Berlin.

ScHraM, F. R. {1973): Pseudocoelomates and a nemertine from the Illinois Pensylvanian. — J.
Paleont., 47. 285 —5988. Menasha.

SuapeerO, W. L. (1962); The epidermis and cuticle of Priapulus caudatus Lamarck. -- Trans
Am. microsc. Soc., 81, 325 355. USA.

STEPHENSON, J. (1930): The Oligochaeta. Clarendon Press, Oxford.

STORCH, V. - WELSCH, U. {1970): Uber die Feinstruktur der Polychaeten-Epidermis (Annelida), —
Z. Morphol. Okol. Tiere, 66, 3710 — 322, Betlin.

Szamawskl, H. (1982): Chaetognath grasping spines recognized among Cambrian protoconodonts.
— J. Paleont., 56, 806 — 810. Menasha.

TruEMAN, E. R, (1978): Locomotion, [n: Physiology of Annelids. Mill ed., Academic Press,
243— 269. 1ondon.

Urrich, E. O. {1878): Observations on fossil annelids, and description of some new forms. —
J. Cincinn. Soc. Nat. Hist., 1, 87 - 21. Cincinnati.

32




P. Krart = M, MmicrL: Worm-like fossils {Palseoscolecida; #Chaetognatha) FL 1]
from the Lower Ordovician of Bohemia

Sbor, geol. véd — P — sv, 30



FLII




P. Krart - M. MimcL: Worme-like fossils (Palaeoseolecida; #Chaerognarha) Pl 111
from the Lower Ordovician of Bohemia

Sbor. geol. véd — P — sv. 30



PLIV




MY

M, MerGr: Worm-like fossils (Palasorcolecida; ?Chastognatha)

from the Lower Ordovician of Bohemia

P. KRAFT -

Sbor. geol. véd — P — sv, 20



Pl VI

RSN ST,
r'; A e I:“ﬁ




P, Krart - M. MencL: Worm-like fossils (Pafaeoscolecida; ?Chaetornatha) PL VII
from the Lower Ordovician of Bohemia

Sbor, geol. véd — P — sv,. 30



PL VIII

Y

s .H,..wﬂ.,wor

-..




Pl IX

P. KsarT - M. MERGL: Worm-like fossils (Palaeoscolecida; *Chactognatha)

from the Lower Ordovician of Bohemia

Sbhor. geol. véd — P — sv, 30






P. Kraer - M. MerGL: Worm=like fossils (Palaeoscolecida; PChastognatha)
from the Lower Ordovician of Bohemia

Sbor. geol, véd — P — av. 30

Pl XI






P. Erart - M. MerGL: Worm-like fossils (Palasescolecida; ?Chastognarha) Pl XIII
from the Lower Ordovician of Bohemia

Sbor. geol, véd — P — gv. 30







P. Erarr - M. MewGL: Worm-like fossils (Palasorcolocida; ?Chaetopnarha) PL XV
from the Lower Ordovician of Bohemia

Shor. geal. véd — P — sv, 30




PL XVI




WHITTARD, W. F. (1953): Palacoscolex piscatorum gen, et sp. nov., a worm from the Tremadocian
of Shropshire. — Quart. J. Geol. Soc. London, 109, 125 —135. London.

WIGER, R. - Baru§, V. - TENORa, F. (1978): Scanning electron microscopic studies on four species
of the genus Syphacia (Nematoda, Oxyuridae). — Zool, Ser,, 7, 25— 31. Oxford.

Explanation of plates

PLI

“Palaeoscolex” temensis gen. et sp. .,

Specimen GS-MM 199, Klabava Formation, Tén& locality; latex casts (1—3), external moulds
(4,5); SEM photo (1—-35). :

1,3 — transversal rows of tubercles, showing spined outer and pitted inner surfaces of tubercles,
arrow indicates vertically oriented tubercle, <150, x150; 2 — inner surface of tubercle, x490;
4,5 — inner and outer surfaces of tubercles, x 370, x 250,

PL II

Gamascolex herodes gen. et sp. n.

Specimen GS-p 5050, Dobrotiva Forniation, Malé Prilepy locality; uncoated external mould (1),
latex casts coated with ammonium chleride (2,3).

1 — almost complete specimen, composed of more than 250 segments, x2.8; 2 — coiled trunk
showing folded segments at ventral side, x9.0; 3 — trunk showing ventral (left) and dorsal
(right) tubercles, x9.0.

Pl II1

Gamascolex herodes gen. et sp. n.

Specimens NM-L 24634 (1, 2) and GS-MM 118 (3—5), Dobrotivi Formation, Malé Pfilepy
locality; latex casts coated with ammonium chioride (1—5).

1,2 — outer and inner surfaces of cuticle, the same part of trunk, x20, x20; 3 — outer dorsal
surface of caticle, x 10; 4, 5 — pathologic segments, arrow indicates discontinuous intersegmental
furrow, <10, %25,

PL IV

Gamascolex herodes gen. et sp. n. .

Specimens NM-L 24634 (1, 2, 4}, GS-NM 118 (3, 5), Dobrotiva Formation, Malé Pfilepy locality;
latex casts coated with ammonium chloride (1, 2, 4) and SEM photos (3, 5).

1 — outer surface of cuticle, ventral side near body axis, < 18; 2 — longitudinal ridge on ventral
side, ~25; 3 — outer surface of cuticle with original substance preserved, note mound-like
epicuticular projections surrounded by ventral type tubercles, x 140; 4 — outer surface of cuticle,
dorsal side, showing tubercles, and folds at central bands originating during contraction, x25.
5 -~ bottom of intersegmental furrow with epicuticular projections, x 140.

PL V

Gamascolex herodes gen. et sp. .

Specimen GS-MM 118, Dobrotiva FFormation, Malé Piilepy locality; external moulds {1—4),
SEM photos (1—-4).

1, 2 — external moulds of outer surface of cuticle, ventral sides showing large circular pits (= tu-
bercles) and minute pitting { = epicuticular projections), » 70, x 140; 3,4 — external moulds of
outer surface of cuticle, dorsal sides showing elliptical areas with two rows of pits (= tubercles with
tubercle projections) and fine pitting (= epicuticular projections) x 45, x 140
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PL VI

Gamascolex herodes gen. et sp. n.

Specimen GS-MM 118, Dobrotivd Formation, Malé Piilepy locality ; external moulds (1, 2) and
original cuticle substance (3, 4); SEM photos (1—4).

1 — external mould of outer surface of cuticle, ventral side showing alternating of two size categories
of epicuticular projections, x350; 2 — external mould of dorsal type tubercle on ventral side,
% 700; 3,4 — cross-lamellar structure of original cuticular substance, < 180, <700,

Pl VII

Plasmuscolex nero gen. et sp. n.

Specimen OMR 11679, Dobrotiva Formation, Sutice hill near Stary Plzenec locality; internal
mould (2), and latex casts (1,3); coated with ammonium chloride (13

1—3 — trunk with terminal, holotype, %3, X3, x10.

Pl VIII

Plasmuscolex nero gen. et sp. n.

Specimen OMR 11679, Dobrotivd Formation, Sutice hill near Stary Plzenec locality; internal (1)
and external (2) moulds; coated with ammonium chloride (1, 2).

1, 2 — part of trunk showing negative imprint of inner surface of cuticle and tapering body terminal,
%10, x10.

Gamascolex herodes gen. et sp. n.

Specimen OMR 11799, Dobrotivi Formation, Hiirka hill near Stary Plzenec locality; imprint
in shale; coated with ammonium chloride.

3 — dorsal side of large specimen, x 10.

PLIX

Plasmuscolex nere gen. et sp. n.

Specimens NM-L 24635 {1—3) and OMR 11679 (4—6), Dobrotiva Formation, Sarka (1—3)
and Sutice hill near Stary Plzenec (4—6) localities; latex casts (1--6); coated with ammonium
chiloride (1—3), SEM photos (4—6).

1—3 — trunk with contracted terminal parts, > 10, % 10, x 4; 4,5 — five incomplete segments
showing outer surface of cuticle with tubercles, tubercle projections and epicuticular projections,
%35, % 150; 6 — the same part, oblique view, x 80.

PL X

Plasmuscolex klabavensis gen. et sp. n.

Specimens OMR 18726 (1,2}, and OMR 18198 (3), Klabava Formation, Klabava — Stary hrad
locality ; uncoated imprints (1—3).

1,2 — almost complete specimens flattened in shale and detail of segments, x5, < 15; 3 — minute
complete specimen with partly preserved substance of cuticle, x12.

Pl X1

Plasmuscolex hlabavensis gen. et sp. .
Specimen OMR 18726, Klabava Formation, Klabava — Stary hrad locality; latex casts; SEM
photos.
1,2 — detail of several tubercles in vertical and oblique views, x 280, x280.
Pl. XII

Plasmuscolex klabavensis gen. et sp. n.
Specimens OMR 18198 (4,5) and OMR 10500 (1—3), Klabava Formation, Rokycany — Strin
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(quarry) (1—3), and Klabava — Stary hrad (4, 5) localities; imprints (1 —3) and latex casts (4, 3);
uncoated specimens (1, 2), and SEM photos (35},

1, 2 — almost complete specimen flattened in shale and detail of segmentation, x5, x 15; 3 — nega-
tive imprint of epicuticular projection (on the left), % 350; 4,5 — part of trunk with partly con-
tracted segments, and detail of segments, x 100, x450.

Pl X111

Plasmuscolex kiabavensis gen. et sp. n.

Specimen OMR 18727, Klabava Formation, Klabava — Stary hrad locality; imprint (1), external
moulds (2, 3); uncoated specimen (1), SEM photos (2, 3).

1 — fragmental flattened trunk in shale, x5; 2,3 — detail of tubercles with tubercle projections
200, x500.

Pl X1V

Bohemoscolex holubi gen. et sp. n.

Specimen OMR 9395, Klabava Formation, Rokycany — hospital locality; imprint with cuticle
substance preserved; uncoated (1), coated with ammonium chloride (2, 3), and SEM photo (4).

1 — incomplete flattened specimen in shale, x2.5; 2,3 — details of trunk with segments, centrai
bands and longitudinal furrow preserved, x5, % 7; 4 — polygonal structure of cuticle, x 800.

PL. XV

Palaeoscolecida gen. indet, A

Specimen OMR 18171, Klabava Formation, Klabava — Stary hrad locality; imprints {1 —4) and
latex cast (5); SEM photos (1—35).

1 — several segments showing segment boundaries and pitting of cuticle, x350; 2 — the same
part, showing tubercle pits and details of cuticular surface, = 1600; 3 — several segments, x265;
4 — epicuticular pits at central band with scalloped outline, x3600; 5 — part of segment with
large tubercles (?} and epicuticular projections (?), x370.

PL XVI

Titerina rokycanensis gen. et sp. n.

Specimens OMR 15334A (1, 4), OMR 15334B (2,5), and OMR 15334C (3), Klabava Formation,
Rokycany — Strafl (gully, section 7} locality; imprints {1—5); uncoated specimens (1 —4) SEM
photo (5).

1,4 — complete specimen with grasping spines and ovaria, and enlarged anterior end of body,
%15, %60; 2 — incomplete specimen with anterior end and grasping spines preserved, X15;
3 — incomplete specimen with intestine preserved, x15; 5 —- globular body with concave de-
pression on the right, < 950.

Photographs on pl. XVI, fig. 4 made by M. Kunst, all SEM made by J. Kulich, remaining by
authors.
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Vermiformni fosilie {(Palaeoscolecida; !Chaetognatha)
ze spodniho ordoviku Cech

(Résumé anglického textu)
PeTR KRAFT ~ MicHar MERGL

PiedloZeno 6. fijna 1986

Paleoskolecidi (?Annelida) predstavuji charakteristickou skupinu vermiformnich
metazof. V zahrani¢i se vyskytuji v marinnich sedimentech kambrického az silur-
ského stafi; z Cech jsou zndmi pouze ze spodniho ordoviku (arening —dobrotiv).
Jejich kutikula, dokonale zachovald diky fosfatizaci, ma pomérné sloZitou morfo-
logii. Jeji povrch je typicky ¢lenén (tuberkule, epikutikuldrni vyrtstky aj.); kutikula
je laminovana a pifipomind podobné struktury v kutikule recentnich annelidi.
Svou vnéj$i morfologii paleoskolecidi pfipominaji kromé annelidi i nematody a
priapulidy, aviak vzhledem k nedostatku udajlt o vnitini anatomii a morfologii
télnich zakondeni je jejich pozice v systému nevyjasnénd. V systematické Césti je
popséana 1 nové Celed, 3 nové rody a 5 novych druhd.

Kromé toho je popsan drobny organismus, ktery svou velikosti, vngj$i morfologii,
piitomnosti Celistnfho aparatu a vnitini anatomii pfipomind ploutvenky (Chaeto-
gnatha). Tento organismus je pfifazen k novému rodu Tizerina.

Hcekonaemule aepuseobpasunie (Palacoscolecida; ? Chactognatha)
H3 HHIHEI'0 OpAOBHAKA ‘-Iexun

Palaeoscolecida (2 Annclida) M3BecTHbl ¢ KemGpHA mo cuayp; B Yexn oOHH BCTPEHAOTCN
JIMINE ¢ apeHura no AoGpotus. (CremeHb COXPAHEHHOCTH HHAUBHIOE N2 UeXHK 1103B0JIAET JIie-
TANbBHO OIHCATL MOPQONOTHIY KYTHRVIBI, VABTPACTPYKTYP M 00CY/IMTH CHCTEMATHUECKVIO IIO-
SHIHIO TIATEOCKONCHHAOR, OBCY>AAI0TCH TAKKe UX crocol ABixeHusa M ofpaz mumsuu. Ompe-
RenssioTes  cemetictBo  Plasmuscolecidae n popwsl  Bohemoscolex, Gamascolex w  Plasmuscolex.
B cucTeMaTH9ECKO# YaCTH ONHCAHO NIATH HOBBIX BUJOR M TPH HEONpeIe/MMEIX HAAHBHIA. B Ka-
yecTRe BONOIHeHMs omucad Hopwil pox Titerina (1. rokveanensis sp. n.), OTHocAupicA, Be-
poatao, ¥ Chaetognatha.

Prelozil 4. KriZ
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