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ABSTRACT

New detailed studies make revealed items of taxonomic importance abo ut inarti culate brachiopods of five
Ordov ician stages : Tremadocian , Arenigian , LIanvirnian , L1and eilian and Caradocian . These studies are based on ma
ter ial etched from the rock of exposures in Poland (Holy Cro ss Mount ain s), in Estonia, of the cores of deep boring s
in north- eastern Poland , from erratic boulders of the Baltic coast and environs of Warszawa. The numerous and best
preserved collections come from cores. In general, two group s of the studied inar ticulates : acrotretids and siphonotretids
are of special interest because of their great diversity. Presumably, they can be very useful in extended corre lation. Their
range in time and relat ive stratig raphic values are given. The descr ibed species belong to 26 genera and 9 fami lies of the
or ders Lingulida and Acro tre tida . Fourteen new species, 3 new genera and I new subfamily are proposed, based on the
featu res of external morphology and internal structure. Ditreta n. gen., Paratreta n. gen. and Semitreta n. gen. are the
Lowerrnost Ordovician acro tre tids recor ded in the studied collection. Myot retinae n. subfa rn. is erected to include forms
with a distinctive laterally folded median dorsal sept urn, Diagnoses of many genera, subfamilies and families are emende d
by use of some new data obtained in the scanning electro n microscope. Elements of externa l morphology and internal
structure are analysed as import ant for taxonomy, some of them (such as structure of a media n septum, elements of
ar ticulating mechan ism, patt ern of the surface orna mentat ion, protegu lar pitting) being judged as valuable for gener ic and
familial classificat ion . Detailed studies of the inar ticulate brachiopods have shed light on the morphogeny of cer tain for
merly obscure characters, e.g. surface concentric orna mentation (much more complicated than one could suppose), shell
surface and septal spinosity, median septum, details of the hinge, shell shape and outline - these all being, in addition,
considered from the point of views of their probable function and, in some cases, their evolutionary significance. Regarding
the problem of growth processes in some acrotretids it appears that, in genera l, two quite distinct phases for the post
pro tegulurn stage can be distinguished on the basis of the shell shape and outline and concentration of the surface lines.
Shell abn ormalities have not been previously discussed in inarticulate brachiopods. These are not numerous and seem
to be caused by, among others, desease or the activity of predators.

INTRODUCTION

The Ordovician inarticulate brachiopods form one of the more interesting gro ups of
fossil invertebrates. They display a very wide range of well developed for ms, yielding very
often extremely curious structures, illustrating the dynamic developm ent of these animals.

In general, two groups appear to be of special interest. They are: the acrotretids, usually
dominating in the number of species and genera, and the siphonotretids also diversified, but
to a lesser degree . The mentioned groups are considered to be valuable for stra tigraphy and
some species characteristic for given horizons can be suggested. The strat igraphic range,
however, of many taxa is, in general, insufficiently known. The se two groups, similarly as
other fossils like trilobites, graptolites or conodonts can also contribute to the corre lation of
Ordovician deposits over a wider area, including Scandinavia, Estonia and Poland.

The inarticulates, although they represent an important fossil assemblage, are insuffici ently
known, being, up to now, very neglected: so they still offer much opportunity for finding some
yet unknown or not sufficiently known structural elements. Among others, the use of the scanning
electron microscope can prove very valuable in a detailed investigation of these fossils.

An encouraging fact is that in recent years the re ha s been some advance in the under
standing of inarticulates in general, and although the number of papers dealin g with them is
still limited, many species and genera have already been described. Also the problem of
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classification, functional morphology, development and latel y of ult ra structure etc. have, to
some extent, been discu ssed (among others by BELL, 1941; COOPER, 1956; PALMER, 1955;
ROWELL, 1962; WRIGHT, 1963; WILLlAMS & ROWELL, 1965; GORJANSKY, 1969; BlERNAT &
WILLIAMS, 1970, 1971).

The inarticulate brachiopods described in thi s paper derive from the Lower, Middle
and Upper Ordovician deposits of: 1) an exposure in the eastern part of the Kielce region,
Holy Cross Mountains, Poland ; 2) a few selected bore holes recently made by the Geological
Institute (Warszawa), in north-eastern Poland; 3) an exposure in West Estonia, environs of
Tal1inn; 4) erratic boulders scattered over th e no rthern part of Poland. The age of these later
is frequently not exactly known, very oft en defined only as Upper Ordovician. The col1ections
from the first two sources are the most numerous.

For the present study approximately 1000 specimens in various state of preservation
were col1ected during the years 1959-1969. Part of the fossil material from the Kielce region
and the boulder col1ection was passed onto the present author by Professor ROMAN KOZLOWSKI
in 1959, the latter col1ection being slightly enriched as further boulders were dissolved in acid.
The col1ection from the Holy Cross Mountains was completed by the author in 1967 (BIERNAT,
1971).

The Ordovician inarticulate brachiopods from Poland have been rarely taken into con 
sideration by invest igator s, mostly only mentioned in connection with general studies on
Ordovician , and very rarely described (BEDNARCZYK, 1964; BlERNAT, 1971; BIERNAT & WIL
LlAMS, 1970).

The collection describ ed in the present paper is deposited in the Palaeozoological Institute
of the Poli sh Academy of Sciences, Warszawa , AI. Zw irki i Wigury 93, for which an abbreviation
Z. Pal. is used, and the numbers of spec imens th rou ghout the paper refer to this collection.
The cores performed by the G eological Institute, Warszawa are abbreviated as IG.
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GENERAL PART

MATERIAL AND METHODS

The studied collection of fossil inarticulates has been obtained from the rocks by diluted
hydrofluoric and acetic acids technique. Approximately 1000valves, more complete or less together
with a great number of fragments, were picked from the residua. The state of preservation
of the fossils varies greatly, in general, however, it is not satisfactory. This concerns mostly
the specimens from the Tremadocian chalcedonites in the Holy Cross Mountains (see, p. 20).
Many shells of particular species are in a not very advanced growth stage and therefore especially
fragile. In addition, they all have undergone extensive disarticulation and , in many cases, serious
fragmentation mo stly due to the etching. Some dissolution phenomena also occured when
hydrofluoric acid was used , changing very much the shell microstructure (BIERNAT & WILLIAMS,
1970, p. 485 ; see PI. XI, Fig. I). As a result, many specimens are incomplete to such a degree
that the y are almost unidentifiable not only on the specific but also often on the generic levels.
Therefore, the generic and in some cases, specific status of a few species described from chalce
donites remain in doubt. Some of them represent, in all probability, new taxa .

The brachiopods from the core samples or erratics are better pre served , as a rule , much
less damaged, being in general, much more thick-shelled.

All the species are represented, with a few exceptions, by disarticulated valves, in many
cases almost entire, especially within acrotretaceans. This abundance ofseparate valves is
unfortunate, as it is very difficult to find two valves belonging to one specimen , the more so,
as the variation limits in the external morphology and internal structure of the shells are rather
wide. Only a few acrotretaceans shells, among others of Ephippelasma spinosum n. sp., Tory
nelasma rossicum GORJ., Myotreta crassa GORJ. and Scaphelasnia subquadratum n. sp. were
preserved after etching with valves closed. However, a slight touching of the shells with a needle
was sufficient to separate the valves.

It proved very helpful for identification to compare the surface ornamentation, dimensions
and outline of the brachial valves with the antero-Iateral margins of the pedicle ones and to
treat these two valves , as, probably, belonging to one shell. The pedicle valves of some species,
e. g. Torynelasma rossicum GORJ. , Myotreta crassa GORJ. and Scaphelasma subquadratum
n. sp. were much more numerous than the brachials. This was not a very satisfactory, as usually ,
from the pedicle valves very little information could be obtained about their interiors. This
mainly concerned the highly conical pedicle valves and thin-shelled ones. Primarily, due to the
valves being thin-shelled, the internal details such as e. g. muscle scars, pallial sinuses which
are almost unknown, to some degree apical processes or morphological details of the internal
pedicle foramen have only a slight chance of being preserved or marked. When pre sent , their
traces are extremely week and difficult to observe within the conical valves.
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As ha s been mentioned , the specimens studied here are , in general, not in their full growth
with the exception of the Estonian and erratic samples, these latter being sometimes silicified.
Th ere is often difficulty in establishing relationship to the already known species. A visua l com
pari son of many of these specimens with tho se illustrated in publi cat ions, and which usually
represent a very adva nced ind ividual age, reveals that in spite of the extern al resemblance
there occur, however, some differences both in the externa l morphology and internal structure.
As the data on such interior details as e. g. the ventra l muscle sca rs or pallial sinuses are not
very complete, they are not , or rar ely, used as valuable comparable characters in the taxonomic
sense.

It should be menti oned that the acrotrct ids arc the most dom inant group from the point
of view of the degree of differentiation and the number of specimens for particular species
being in addition, rath er well preserved. Hence, many observa tions have been made on thi s
group, the mo re so, as their morphological and intern al analysis was supplemented by an
examination of several species of acrotretaceans kindly received from other institutions.

In addition, after etching, it was possible, in some cases, to clean up many specimens
by means of a very thin needle, especially the brachial valves ofmany forms such as Ephippelasma
COOPER, Myotreta GORJANSKY, S caphelasma COOPER or Eoconulus COOPER, with , in general ,
good results. .

Many details of the shell surface and occasionally the interiors of acrotretaceans and some
siphonotretaceans have been studied by using the Cambridge Stereoscan Scanning electron
microscope in the Queen's University of Belfast. Shell surface.studied by this microscope were
coated with gold palladium.

The photographs on the plates, excluding the electron micrographs, are slightly retouched.
Thi s was necessary especially in the case of small and very translucent spec imens, i. e. tho se
coming from the Tremadocian chalcedonites or bore holes.

Many specimens, mostly those from erratic boulders and some from Estonia were coated
with ammonium chloride before being photographed. Th e majority of the specimens have been,
however, photographed, without coating, in glycerine. The Text-figu res show mainly these
features which were ava ilable and considered as important for the studied collection.

As in the collection, complete shells with both valves preserved together are lack ing, in
the case of newly proposed species, the pedicle valves have been choosen as the holotypes, and
the brachial valves tre ated as the paratypes. Only in a few cases do the type specimens comprise
the whole shell, these specimens having been found with both valves joined.

Th e synonymy is not given for the already known species, only the most recent papers
in which the species are described and which have possibly a full synonymy, being mentioned.

The . inarticulate brachiopods morphology has been discussed in genera l, among others,
by WALCOTT (1912), BELL (1941), COOPER (1956), ROWELL (1962, 1966), WILLIAMS & ROWELL
(1965), GORJANSKY (1969), BIERNAT& WILLIAMS (1970,1971). In view of thi s only some characters
of some inarti culate groups are here con sidered.

The following abbreviat ions of some interna l structure and externa l morphology in
Text-figures are used :

a . a . - an terio r adductor
a . p. - ap ica l process
a . w. - width a nteriorly
b. th . - bu lbous thi cke nin g
b. v. - brachi a l va lve
c. 111. S. - ca rd inal muscle scars

c. v,

d . u,

e. p. t.
f . s. p.

- calpac valve (you ng stage followi ng the
protegu lum, young valve being supe rimposed
on the adu lt va lve)

- dorsa l umbo
- exte rna l pedic le tube
- free sep ta l plate
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in. - interarea
i. p. t. - internal pedicl e tube
it. - interthrough
I. v. - valve length
I. w. - limbus width
I. w. p, - limbus width postc riorly
m. p. - med ian plate
m. r. - median ridg e
m. S, - muscle platfor m
m. w. - width medially
n. h. - height o f notch
n. w. a . - notch width anter iorly
n. w, p. - notch width posreriorl y
p. a. - posterior adductor s
p, f. - pedicle fora men
pp . - proparea
p, v. - pedicl e valve

p, w.

s. c.
s. p.
s. s.
s. sp.
sp.
spn.
t. p. t.
t. sp,
u, p.
v. I.
v. p.

z. s.
[

11
III

- width posteriorly
- septum complex
- surmounting plat e
- septum simple
- septa l plate
- spikes
- spo ndy lium
- trace of pedicl e tub e
- trace of spike
- upper plat e
- length of valve
- vert ica l plate
- zigvag form of t he sloping edge 01 septum
- protegulurn stage
- young stage
- ad ult stage.

REMARKS ON STRATIGRAPHY

The described brachiopods are of different stra tigraphic age and come from Lower Or
dovician deposits outcropping in the Holy Cross Mountains, Lower and Middle Ordovician
bored in the north-eastern pa rt of Poland , Lower Ordovician in the western part of Estonia
and from erratic boulders, the age of which is, tentatively, defined as Middle and Upper
Ordovician (Text-fi g. I).

EASTE RN PART OF KIELCE REGION

In the KieIce region only some of horizons of the Ordovician outcrop in a few places.
At Wysoczki, environs of Bogoria, about 5·5 kilometres south-eas t of KieIce, the Lower Or
dovician is developed as chaIcedonites defined by KOZLOWSKI as of Upper Tremadocian age
(KOZLOWSKI, 1948, p . 5). BEDNARCZYK {1964) basing on previous investigations (MICHALSKI,
1883; GURICH, 1896-1901 ; SAMSONOWICZ, 1916-1956; CZARNOCKI, 1919-1950; KOZLOWSKI,
1948; TOMCZYK, 1957-1962) and in particular on his own detailed studies, presented scheme
of the Lower Ordovician in the KieIce region. Among others, he distinguished within the r-e
madocian the Miedzygorze, Zbilutka and K oziel beds, including the chaIcedonites ofWysoczki
into the Zbilutka bed.

The Wysoczki expos ure con sists of an abo ut 16 metres thick, sedimentary series of
chalcedonites and associ ated rocks composed of interbedd ed thin layers of glauconitic sandsto
nes, each 5-20 centimetres thi ck, and chalcedon ites in pa ra llel beds or lenses. These deposits
contain a very well preserved fauna of graptolites (KOZLOWSKI, 1949), extremely numerous
Acritarcha (GORKA, 1969), an interestin g assemblage of algae (STERMACH, 1963), very numerous
spicules of sponges, some of them described. With the mentioned fauna are associated in
articulate brachiopods (BEDNARCZYK, 1964; BIERNAT, 1971). The assemblage of brachiopod
species indicates the Lower Ordovician age of the chaIcedonites. Among the guide species
Siphonotreta acrotretontorpha GORJ. appears to be a very characteristic form because of its
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Fig. 1

Sketch-map of localitie s from which th e inarticulate brachiopods were sampled.

limit ed stratigra phical range and of, probably, quite wide geographica l distribution. It is
kno wn from the Lower Ordo vician iThysanotus siluricus Zone) in West Estonia (GORJANSKY,

1969, p. 67).
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NORTH-EASTERN POLAND

The Ordovician deposits recorded in a number of bore holes were subjected to many
investigations since 1959. The detailed data pertaining to the Ordovician of the whole north-east
part of Poland can be found in papers of TOMCZYK (1959, 1962, 1964), TOMCZYKOWA (1962,
1966, 1968), ZNOSKO (1964), BEDNARCZYK (1966, 1971), MODLINSKI (1967, 1968), SZYMANSKI
(968), MODLINSKI & POKORSKI (1969).

In 1964"ToMCZYKOWA divided the Ordovician deposits of the above area into: Bialowieza
beds, comprising the Tremadocian and Arenigian; Pomeranian beds, including the Llanvirnian,
Llandeilian and partly Caradocian; Mazurian beds with the Uppermost Caradocian (Pleuro
graptus linearis Zone) and Ashgillian.

The considered in this paper brachiopods come from a few selected borings in the extreme
north-east part of Poland (Text-fig. 1): Bartoszyce IG-l , Ketrzyn IG-I, Goldap IG-l , Jezioro
Okragle IG-1. In the Bartoszyce, Ketrzyn, Goldap bore holes, where there are shallow water
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deposits, the general thickness of the Ordovician slightly varies for particular bore hole
(Text-fig. 2). The sedimentation begins, in general, with transgressive conglomerates super
imposing Cambrian sandstones. Possibly, the lowermost stratigraphic unit stated there is the
Arenigian. The presence of some parts of Tremadocian is, however, not excluded, as very
thin layers with Obolus have been recorded in bore holes in the neighbouring area of
Lithuania (MODLTNSKI, 1967). The subsequent stated stratigraphic units occurring within the
bored area are: Arenigian, Llanvirnian, Llandelian , Caradocian and Ashgillian.

In the Jezioro Okragle IG-l bore hole the Ordovician begins with deposits of Upper Are
nigian which lie concordantly on , supposedly, Lower Cambrian (MODLTNSKI & POKORSKT, 1969).

In general , in the above area, the Arenigian is mostly characterized by limestones and
marl s of changing colour, from grey to brown-cherry, often intercalated with nodular limestone.
In the upper part a rich fauna of trilobites occurs including such species as: Megistanus limbata
(BOECK), Ptychopyge angustifrons (DALM.), Niobe cf. laevicens DALM. and Nileus exarmatus
(TJERN.), this corresponding to that of Volkhov horizon in Estonia (MODLTNSKT & TOMCZYKOWA,
1968). Of the brachiopods, also indicating this horizon, can be cited Myotreta crassa GORJ.
and Torynelasma rossicum GORJ.

The Arenigian-Llanvirnian boundary is marked by organodetritic limestones occurring
in the Lowermost Llanvirnian, which passes into brown-cherry limestone, interbedded with
marly limestone, ferrugineous small oolites often present. Found here are: Asaphus (Asaphus) sp.,
Ampyx nasutus DALM. accompanied by Torynelasma rossicum GORJ., numerous Myotreta
crassa and Ephippelasma spinosum n. sp.

No lithological changes can be stated on the Llanvirnian-Llandeilian boundary. In the
Upper Llandeilian, organodetritic limestone with ferrugineous oolites occurs. The fossils also
have sometimes strong traces of ferrugineous impregnations. The fauna is represented by
Illaenus schroeteri (SCHLOTH.), Lonchodomas rostratus (SARS), accompanied by Scaphelasma
subquadratum n. sp., Ephippelasma latior n. sp. and Torynelasma rarum n. sp. which pass into
Caradocian.

In the Caradocian, the sediments of Ketrzyn IG-l and Bartoszyce IG-l are comparable
to the Ordovician of Sweden and Latvia, while those of Goldap IG-I and Jezioro Okragle IG-l
are closer to those of Lithuania (MODLINSKI, 1967). In the Lower Caradocian of Ketrzyn-i-Bar
toszyce there occur organodetritic limestones which contain in their lower part: Neosaphus
ludibundus TORN., Chasmops er. odini (EICHW.), Echinospherites sp. and this part being correlated
with the Kukruse horizon in Estonia. The upper part of these Lower Caradocian organodetritic
limestones with lllaenus fallax HOLM., Illaenus jevensis HOLM., Remopleurides wimani THORN.
can be correlated with Idavere-Johvi-Keila horizons in Estonia.

In Goldap IG-l this complex of sediments can be correlated (as a whole, without division)
with the horizons from Kukruse to Keila in Estonia . In the Upper Caradocian there occur
mostly marls in Ketrzyn-s-Bartoszyce and limestone interbedded with marls in Goldap
bore holes.

Regarding the Ashgillian, in the Goldap IG-l and Jezioro Okragle IG-l marls with oolitic
limestones pass into pelitic limestones interbedded with grey marly limestones, fauna being
very poor. In Ketrzyn IG-l, occur brown-cherry limestones and marls with Tretaspis seticornis
(HIS.), lllaenus roemeri VOLB., etc., and they can be correlated with the "Tretaspis Zone" in
the Vestergotland in Sweden (MODLINSKI, 1967). In the upper parts of the section in Bartoszyce
IG-l , Ketrzyn IG-l occur limestones passing into sandy limestones and marls with Dalmanitina
mucronata (BRONG). Inarticulate brachiopods are lacking.
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Th e very sma ll collection of inarticulates comes from the locality Suhkrumagi , south
of Tallinn, from the Arenigian , Volkhov horizon, which lies about 0,4-0,55 metres above
the lower boundary of Viesnaski subhorizon BII (MANNIL , 1966). There are marr y limestones
with fossils. The brachiopod fauna is not very numerous, represented by few genera. The shells
of all species are characterized by being much larger in size and all specimens a re thick
-shelled. Mostly occur : Scaphelasma septatum COOPER (G ORJANSKY, 1969), Toryn elasma
rossicum GORJ. , in much less number of specimens Myotreta estoniana n. sp. characterized
by strongly fold ed dorsal septum (PI. XV, Figs. 1-17). Eoconulus and Rowelella occur rarely
and mainly the latter form .

ER RATI C BOULDERS

Th e errat ic boulders in which the inarticulat e brachiopods have been found in associat ion
with e. g. algae, phosph ate tubes, acrita rchs, scolecodonts etc . were studied by KOZLOWSKI

(1954, 1956, 1959, 1960, 1961 , 1962, 1966, 1967), KI ELAN-JAWOROWSKA (1961,1966) and GORKA

(1969). In a particular bould er the brachiopods are often found only sporadica lly, represented
mostly by pedicle valves of Torynelasma or Eoconulus.

An assemblage of brachiopods obta ined from the erratic boulder-Jaroslawiec No. O. 247
merit s some mention. Th e fauna is not very differentiated, represented mo stly by numerous
eoconulids, containin g few valves of Toryn elasma sp., one complete shell (with both valves
closed) of Ephippelastna er. spinosum (pI. XXIII, Figs. 7, 8), few valves of M yo treta sp. and
S caphelasma sp. with a cha racteristic lens-like pedicle foramen (PI. XVI , Fig. 7).

Some reference is here given to those boulders in which more than one specimen ha s
been found. Th eir exact age unknown , supposedly Middle and Upper Ordovician.

Characteristics of the boulders

No . O. 178. Mochty, environs o f Warszawa. Grey, finely grain ed , compact lime ston e containing a numb er of
G rap tol ites, po lychae te jaws : Mochtye lla sp , KI ELAN-JAWOR., Kozlowskiprion longicavernosus KIELAN-JAWOR., Pistoprion
sp, KIELAN-JAWOR., and a number of si licified spec ime ns o f Craniops erra tica n. sp . and a frag ment of Rowelella sp.•
Sca phelas ma cf. septatum COOPER, Torynelasma sp. Age unknown .

No. O. 247. Jar oslawiec. en viron s of Koszal in , Baltic coast. Limeston e light grey, finely gra ined with a grea t number
of Eoconulus semiregularis n. sp., rare Ephippelasma cf. spinosum n. sp., Scaphelasma sp., Ectenog lossa sp., Glyp toglo
ssella sp.

No. O. 319. Moch ty, enviro ns of War szawa. Lim eston e light, grey, compact with unident ified Dendroid ea ; Chit i
nozoa represented by Cya thochitina campan ulaefo rmis KOZL., For am inifera, spicules of spo nges, polychaete jaws of
At rak toprion maior KIELAN-JAWOR., Ramphoprion sp., Mochtye lla sp. Of th e inartic ulates few valves of Eoconulus cf. semi
regularis n. sp. a nd one valve o f Ephippelasma cr. spinosum n. sp, a re fo und. Age : prob abl y Upper Ord ivician.

No. O. 349. Zakroczyrn, enviro ns of Warszawa. F ine ly grai ned lime stone, very similar in its lith ology to th e Balt ic
limeston e, con ta in ing nu merou s fossils : Chi tin ozoa , 'lClimacograpt us sp., polychaete jaws of Pistoprion transitans KI ELAN
JAWOR., iso lated jaws of Polychaetaspis sp. a nd Xanio prion sp., few speci mens of E OCOIIUllls sp, Age unknown .

No . O. 400. Mocht y, environs of Wa rszawa. Grey, coarse grained limeston e with a rich fauna of sco lecodonts
(K OZLOWSKI , 1956; KIELAN-JAwORowSKA, 1962, 1966). Of th e brachiop od s single va lves of Tory nelasma sp. a nd Ephlppe
lasma cr. sp inosum n. sp . occur. Mi dd le Ordovician , prob abl y corresponding to Kukruse Stage or Idavere Stage in Eston ia.

No . O. 418. Micdzyzdroje, Balt ic coast. F ine ly gra ined a nd compact limeston e very similar lith ologically to Balti c
limeston e yie lding : Co nodo ntophor ida, Foraminifera, Chiti nozoa, 'lOr thoretiolites sp. po lychae te jaws of Pistoprion sp.,
undescribed jaws of Polychaetaspis sp ., Ramphoprion sp., few valves of Torynelasma sp., T. rossicum GOR. , Ephippelasma
sp ., Myotreta sp. EOCOlIlI llIs sp. Age: prob abl y Middle Ordovician .

No. O. 461. Jaroslawiec, environs of Koszal in , Balti c coast. Light , thicker grained limestone with con odonts, Ch i
t inozoa, Desmochimina sp. a nd piryt ized Phyc omy ceta, ph osph at e tubes : Labirinthotuba k ozlowsk ii GORKA. Of th e bra
c hio pods are recorded few va lves of EOCOIIUllls semiregularis n. sp. Age unknown .

2'
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No. O. 511. Mochty, environs of Warszawa. Compact limestone, thicker grained with graptolites : Climaco
graptus sp., Grap tolodendrum sp., Dendroidea, Hydroida , Scolecodonta, phosphate tubes : Pho sphot esta sp inosa G6RKA.
Of the brachiopods few pedicle valves of Torynelasma sp. occur. Age: Middl e or Upper Ordo vician .

No. O. 525. Miedzydzroje, environs of Szczecin, Baltic coast. Gr ey limestone of middl e sized grain s, containing
fragmen ts of grap tolites, numerou s melano sclerit s, scolecodonts, Chitinozoa , Acritarcha : Baltispheridium digitatum
(EISEN). The inarticulate brachiopod s are rarely represented by few valves of Eoco nulus semiregularis n. sp. and two valves
of Torynelasma sp. Age: probably Upp er Ordovician.

No. O. 534. Mocht y, environ s of Warszawa. Organoclastic coarses grained limestone cont aining pedicle valves
of Torynelasma sp., one of Epliippelasma er. spinosum,

No . O. 535. Mochty, environs of Warszawa. Light , compact, organ odetritic limestone with gastropods, scolecodont s,
conodonts , phosphate tubes, few valves of Eoconulus cf. semiregularis n. sp., Lingulella sp., Paterula cf. perfecta COOPER,
unid entified fragments . Age : probably Uppe r Ordovician .

No. O. 547. Mocht y, environs of War szawa. Limestone grey, compact with Dictyonema sp., Diplograptus sp.,
scolecodon ts, conodonts , fragment s of phosphate tub es, algae, two fragments of brachial valve Torynelasma rarum n. sp.
Age : probably Middle Ordovician .

TREMADOCIAN CHALCEDONITES AND CORES BRACHIOPOD ASSEMBLAGES

The inarticulate brachiopods make up a very considerable percentage of fossils in the
Tremadocian chalcedonites at Wysoczki. They are represented mainly by siphonotretaceans
which prevail and the acrotretaceans. The other groups, i. e. obolinids, acrothelids, lingulellids
are recorded rarely. There occur also, in the residuum, very numerous fragments of valves,
evidence of a rich accumulation of form s in that environment.

Of the siphonotretaceans, especially numerous are Siphonotreta acrotretomorpha GORJ.,
varying, to some extent, in size; Helmersenia ladogensis JEREM. represented by a number of da
maged valves: Siphonotreta cf. verrucosa (VERN.), less numerous and very fragmentary; Ali
chovia analogica n. sp. preserved, as a rule, as dichotomously bifurcated spines and small
fragments of valves.

Of the acro tre taceans relatively numerous are : Semitreta maior n. sp., one of few species
which are preserved in a wide range of shell size, discernible by its regular shape from the smallest
valves to the largest (Text-fig. 27), and to a lesser degree Eurytreta minor n. sp. Rarely
occur Ditreta dividua n. sp., and very rarely Sp ondylotreta sp., Myotreta sp., Rowelella sp., this
latt er preserved only in small fragments.

The inarti culate brachiopods show some adaptative characters, few being very specialized,
e.g. spines of A lichovia analogica n. sp. , greatly weightened apical ventral interior of Ditreta
dividua n. sp. or well developed, widely spaced two apical processes of Orbithele bicornis n. sp.

The considered fauna shows general affinities mainly to the fauna of Estonia and USSR,
North-west of the Ru ssian Platform, among the common species occur: Schmidtites obtusus
MICKW., rather abundant at Wysoczki, Siphonotreta acrotretomorpha GORJ. , Helmersenia
ladogensis JEREM. Genus Alichovia merits mention as being known only recently by two species,
one from Lower Ord ovician-Tremadocian in Poland and the other from Middle Ordovician,
Idavere horizon in Estonia , both species having similarly ramificated surface spines (see p. 34).

The brachiopods from north-eastern Poland constitute a specific assemblage, the acro
tretaceans occurr ing in majority, both in the number of taxa and specimens. In each of the bore
cores these brachiopods occur in great accumulation, usually in the lower part of the section
which corresponds, to the late Lower and Middle Ordovician, i.e. Arenigian to Caradocian,
in layers of different thickness. In the overlying and underlying beds the inarticulates are very
scattered or lacking. The most common species is Myotreta crassa GORJ. recorded in number
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in Ketrzyn, Bartoszyce, being less numerous in Goldap. In Jezioro Okragle only a few pedicle
valves of Myotreta sp. with a smaller cone occur. The other species which are found in associati on
with Myotreta crassa are : Ephippelasma spinosum n. sp., Torynelasma rossicum GORJ. , Scaphe
lasma subquadratum n. sp. represented by separate valves, the pedicle ones , as a rule, prevail.
Paratreta similis n. sp. and Eurytreta interm edia n. sp. relatively large and thic k-shelled in com 
parison to the other cited acrotretaceans are known mostly from Goldap IG-l (1466·9
1473 m), Ketrzyn IG-l (1595·5-1602·5 m) being more rare in Jezioro Okragle IG-l. The
lingulellids are preserved in small fragments.

In all the mentioned cores Eoconulus cryptomyus GORJ. is fairly numerous, vary ing in
a number of specimen s for particular bore holes. In Jezioro Okragle IG-l , in layers corresponding
to the Caradocian (depth about 881·9-909·0 m) occur species much less conical, i. e. Tory
nelasma rarum n. sp., Ephippelasma cf. spinosum n. sp. , but they are rather rare. The faun a of
the above cores is, to a great extent, analogous to that described by GORJANSKY from West
Estonia and USSR , environs of Leningrad. The stratigraphic age of the common species,
in general, corresponds to the Pomeranian beds sensu TOMCZYKOWA (1964), see p. 17.

To sum up, representatives of only four genera found in the Upper Tremadocian
chalcedonites of Wysoczki occur in the north-eastern Poland. The se are: Paratreta, Eurytre ta,
Spondylotreta, Myotreta. A member of the genu s Rowelella WRIGHT rarely occurring in the
Tremadocian chalcedonites ha s been found in a sample from Estoni a and in one erra tic
boulder (0. 178).

The fauna of all considered cores from north-eastern Poland shows', in general, a grea t
constancy in its generic and specific status. The quite wide uniformity of the species in north
-eastern Poland, Estonia and USSR (Russian Platform) suggests that these brachiopods can
presumably be used for stratigraphy as guide fossils. The acrotretaceans regarded
stratigraphically, show a tendency to become, in the younger deposits, slightly less conical, the
pedicle valves being lower but wider anteriorly. This can be showed by Torynelasma rossicum
GORJ. (Arenigian-Llanvirnian) and T. rarum n. sp. (Caradocian) ; Ephippelasma spinosum n. sp.
(Arenigian-Llanvirnian) and E. latior n. sp. (Uandeilian-Caradocian), M yotreta sp. which
preserves its quite distinct young calpac-like shell.

Within the inarticulates occur groups, restricted to a short period of time which show
some specialised characters such as median septum, external and internal spines etc. Th e
Tremadocian chalcedonites fauna shows a relatively large number of new form s - this could,
probably, be greater in the case of better preserved specimens.

REMARKS ON CLASSIFICATION

As a rule, in the general and specific evaluation, every feature could be considered within
the inarticulates. Thi s, however, depends very much upon the state of preservation of specimens
and mainly upon the methods used to get the fossils from the rock and to investigate them.

Most of the external and internal characters, usually preserved in the fossil sta te, are
very helpful for the determination of the genera . In the case of e.g. obolids or paterulinids
the shells are of a very simple morphology and the state of preservation is, generally, not very
satisfactory. Often , only the shell outline and some traces of surface conc entric lines are pre
served. The number, hence, of possible features used in their classification is very limited.
Schmidtites obtusus MICKW. is a very good example. The valves are relatively numerou s and
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can be grouped in growth range (Text-fig. 3). They all display a very regular shell outline,
oval-elongate, narrowed po steriorly. Judging by the pre served concentric lines, not many
changes or extremely few occur in their po st-larval development. The features of internal
morphology are, unfortunately, not preserved as the specimens are thin-shelled. The same con
cerns the paterulinids, lingulids and others. Even, when using every character of po ssible taxo
nomic value, defining the species and often the genera is, sometimes, extremely difficult. The
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Fig . 3

Schmidtites obtusus M IC KWITZ (Tremadocian chal cedonites, Wysoczki) . Range of 10 specimens of different size : A ped icle.
and B brachial valve s,

morphological simplification is not fortunate for their classification. It is one of the reasons
that the se groups are very badly known. One of the more useful methods is biometry. In the
case of the above forms, however, only a few measurements, such as e.g. length (ma ximum and
minimum width rations), can be con sidered and sometimes, if pre served, size of propareas and
pedicle groove or size of limbus for e. g. lingulellids, paterulinids (Text-fig. 4). These features ,
including the appearance of concentric surface lines are , as a rule , useful taxonornically. ROWELL

(1966) when revising some Carnbrian-Ordovician acrotretids notes the very little information
available on their variation , which is usuall y overlooked. This is true for the inarticulates
as a whole group.

The variability always occurs within the brachiopods and its limit s can. vary often con
siderably and it must be taken into consideration when dealing with these fos sils. In some cases
the variability is extremely small and concerns the shell outline only and in such circumstances
it is still difficult to use this feature as a valuable taxonomic character for e. g. Schmidtites, Pate-
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rula, Lingulella. To sum up, one can say that these all mentioned features are , only theoretically,
very useful for defining the ta xon s of the above groups, not when dealing with fossils.

The acrotretaceans are rather exceptional in the great number of external and internal
characters. Their brachi al valves due to flattening or slight convexity are, in general , better
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Paterula cf. perfe cta C OOPER (erratic boulder, No . O. 535). A, B measurement s ava ilab le fOI pedicle a nd brachi al valves;
a. w. width antei iorly, l . w. limbus width, /. w. p. limbus width poste riorly, m. w. width med ially, 11. 11'. a. notch width

antcriorly, 11. iv. p , not ch width poste riorl y, 1/. h. height of not ch , p . w. width posteriorly, v. /. length of va lve.

known than the pedicle ones and display more internal details which can be discussed from the
taxonomic aspect. Of a great value are the structures of the posterior margin, e. g. size and shape
of propareas, degree of development of median dorsal plate together with the median septum,
often well developed (p. 39) an d mu scle scars, if these are preserved (Text-fig. 5). These features
a re con sidered as additional to the pedicle one s or are often the only features which displa y
diagnostic value when the latter valves are not avai lable. The considered characters are, in ge
neral , widely believed to be va luable marks for identifying the genera (BELL, 1941; COOPER,
1956; ROWELL, 1966; GORJANSKY, 1969).

The interiors of pedicle valves of some conical forms as M yotreta GORJ. , Torynelasma
COOPER, or Ephippelasma COOPER are often not very suitable for study. Hence characters which
a re of great importance in the generic status, such as mu scle scars, pallial sinuses (for Conotreta
WALCOTT, Hardrotreta ROWELL, Eurytreta R0WELL) or apical process for Canthylotreta ROWELL,
Eurytreta, Conotreta are in the case of our material not/or only very slightly visible, and often
not comparable. Th e apical process has been used by ROWELL (1966) as one of the important
generic characters for the Cambrian and Early Ordovician acrotretids. It s outline, degree of
development and its relation to the internal pedicle foramen (i,e. solid, knob-like boss in Apso-
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treta B ELL, or ridge-like limiting the pedicle from the interior as in Hardrotreta ROWELL lying
dorsaIIy in Canthylotreta or ventra IIy in Hardrotreta or Apsotreta) ha ve been used by the above
autho r as features which well define the genera. Thi s internal structure, in the pre sent fossil
material, altho ugh preserved in an incomplate sta te, was very useful as an additional determining
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Fig. 5

Scaphe lasma cr. septatum C OOPER (erra tic boulder, No . O. 478). Interio r (a) and sidc view Cb) of thr ee different brac hial
va lves showing length and height of scpturn,

feature for some species of Euryt reta : E. interinedia n. sp. (P is. VI, IX; Text-fig. 25), Paratreta
similis n. sp . (Tex t-fig. 23). As a supplement for some forms, can be used the appearance
and position of the pedicle foram en, th is changeabl e, as a result of its functioning for the pedicle
emergence. It is supraapical (RUDWICK , 1970) in major ity of forms being of small size and round
especially in conical valves, extending outwards and forming a small tubular extention in e. g. To
rynelasma rossicum G ORJ. , Myotreta crassa G ORJ. (pI. XII I, Figs 1-9 ; Text-fig. 29), or sub
apical in adult stage , commo nly diminishing with growth, round or lens-like in pedicle valves
of Scap lielasma subquadratum n. sp. Scaphelasma sp. (PI. XVJJ , Figs 1- 6 ; PI. XVI, Fig. 7 ;
Text-fig. 31). Th e difference in its size and outline ca n easily be discernible (individua l
variations and changes du ring the growth process excluded), and in association with the e.g.
outline and size of valves they could be helpful.

Another va lid generic cr iterion could be surface ornamentation, th at means the
appearance and the degree of development of its deta ils. This can be qu ite differenti ated within
the genera, as shown by the scanning elect ron micrographs (pIs. VI , XXXV, XXXIX). The
pattern of orn amenta tion being, in some cases used, amo ng others by COOPER (1956),
GORJANSKY (1969) as specifying some forms (Scaph elasma rugosum G ORJ. , 1969, PI. 12,
Figs 1-4; Rhyso treta corrugata COOPER, 1956, PI. 18F). It is difficult , at present, to state to
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what extent this feature can be used for specific evaluation. Apparently, the number of
concentric elements, their thickness and spacing could be significant on the level of species .

ROWELL considers (1966) the statistic method as of great importance using it to supplement
the description of some investigated acrotretaceans species. He measured seven available details
in the dorsal interior, 6 for the ventral interior and two features of external morphology for
each valve. Such a method can certainly more precisely define the taxons and it would have
to be an ideal situation for it to be used to such a degree as ROWELL did, but it depends
very much upon the state of preservation of fossil s.

There remains another feature, protegular pits on the protegular sur face of valves, highly
characteristic of super-family and no doubt valuable for the lower taxonomic units (BIERNAT &
WILLIAMS, 1970; see p. 35). Its precise value on generic level is not yet precisely defined.
This must be investigated on a basis of a much greater number of genera and species .

Despite all these difficulties, most acrotretacean genera and, to a great extent, species
appear to be rather well defined and, commonly, easily recognized, for among others, their
described number is still limited. In general , one can state a significant progress in the generic
and specific analysis of the considered inarticulates. This very diversified group both in the ex
ternal and, to a great degree, internal morphology shows the apparent stabilization in many
characters, (including, in a large sense, also the median septum), or a tendency to be stabilized.

As to the siphonotretaceans, the present material is too fragmentary to add something
more to the subject of their classification. In general , the most important features are the pedicle
foramen with or without an internal pedicle tube. Its size in some forms is slightly enlarging
during early growth due to a gradual resorption of shell substance (ROWELL, 1962, p. 146).
In the Siphonotreta acrot, etomorpha GORJ. the pedicle foramen is relatively large in valves
smaller than average. This being in agreement with RowELL'S opinion that the resorption
occurs -relatively early during growth.

Further, the shell outline, details of the posterior margins morphology supplemented
by the surface spines are very useful in classification of this group. With regard to the surface
spines, their arrangement in quincuncial or banding pattern , general size, (all spine s of the same
or differentiated diameter and arrangement) as also their appearance, simple or branched,
are judged to have a great taxonomic value (S. acrotremorpha GORJ. , Alichovia GORJ. , PIs.
XXVIII, XXXI). COOPER (1969, p. 217) says that the kind of spines together with their arran
gement is a generic character. This being widely used since CHAO (1927) and THOMAS (1914)
for articulate brachiopods. The same can also be applied to the inarticulates. Actually, the
multibifurcated surface spines have been used by GORJANSKY (1969) as a valuable generic
criterion for Alichovia. In our specimens of that genus, the scarce arrangement of bifurcated
spines, probably relatively large pedicle foramen (oral communication from Prof. R. KOZLOW
SKI), elongate posterior margin of the brachial valve are, in addition, to the spines, useful
features. It is a consistent difference and may be regarded as a new generic distinction. In addition,
the density of single spines appears to be a valid specific criterion in the siphonotretids. As to
the complex spines, their nature suggests their scarcity, a feature rather constant for the genu s
Alichovia.

Some mention merits Eoconulus COOPER. The height and size of the brachial valve , the
only known, and, to some extent, the position of the dorsal apex are changeable, sometimes
greatly. These small differences are used as specific features. Also the degree of the valve elon
gation although varying is usually, accentuated tEoconulus semiregularis n. sp., PI. XXXVI,
Figs 1-5). No doubt, the surface ornament can have a taxonomic value on specific level, being
very differentiated as shows scanning micrograph (PI. XXXVI, Figs 9-10; PI. XXXV). It is
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necessary to establish the limits of possible variations which do occur on one valve and in
specimens of one species. It is evident that the classification problem is in articulates still open
and the main basis of it remains still morphology.

SOME DATA ON THE GROWTH OF SHELL

A very limited range of shell size occurs in the studied fossils as all the specimens, with
some exceptions (S chmidtites, Eurytreta, Paratreta, M yotreta) are almost of the same individual
age. The observations of the very fine sur face concentric lines, which preserve the exact outline
of the valve, characteristic of each growth stage, show that the developmental process in lin
gulellids or obolids is quite regular. No great changes are shown by the subsequent concentric
outgrowths which are progressively added to the periphery of the preceding one. In every growth
stage the appropriate pattern of the shell outline is preserved. As to the rate of growth and its
direction they do not change or only minimally anteriorly, the young shell constituting a mi
niature of the adult (Schmidtites obtusus MICKW. , Text-fig. 3; or Semitreta maior n. sp.,
Text-fig. 27).

a .o m l l)

A B
c

Fig. 6

Ephippelasma latior n, sp. (Ketrzyn IG-IS9S 'S m) A -C interarea and side views of th ree d ifferent specimens of ped icle
valves, chang eabl e in size ; A som e cha nges in the dir ecti on of growth marked ,

Some changes in the rate of growth and direction do occur in majority of the acrotretaceans.
Th e very young post-protegular valve is, as a result , slightly different in shape and outline from the
adult one (Myotreta crassa GORJ. , Ephipp elasnia spinosum n. sp. , E./atior n. sp., PI. XV, Figs 4-5;
Pis. XXIII, XXIV ; Text-figs 6, 10,29). Th e pronouncedly unequivalved shells are, to a different
degree, relatively changeable in size, much more so in their whole appearance. In general ,
two distinct phases of growth are alwa ys discernible which can correspond to the protegulum
and post-protegular shell, the differences being related to the nature of the developmental
process (BI ERNAT & WILLlAMS, 1970). Due to that, the protegular part of both va lves is devoid
of any traces of concentric increments of growth. The protegular parts of valves are always
well sepa rated from the po st-protegular parts by an especially broad but shallow deepening
or by a narrow and very deep concentric furrow. These latter are, usuall y followed by a greatly
thickened and elevated ring of shell substance which was added to the peripheral deepening
encircling the pr otegulum or by a very broad and thick concentric band iTorynelasma rossicum
GORJ. , PI. XXII, Fig. 1; Scaphelasma subquadratum n. sp ., PI. XVIII , Fig. 3). The final ap
pearance in ad ult shell of the separating bands or furrows is, somewhat, changeable both intra-
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specifica lly and /or interspecifically. It is probabl e that , in thi s way, is expressed the cri t ical,
for the anima l which is newly sett led, period of ada pta tion to cha nged enviro nme nta l cond ition s.
The fur ther gro wth of the shell continues to be ac rretionary, both valves of the shell still en
larging by subsequent additions of the marginal increments of growth. This stage appl ies to the
whole adult shell foll owing the protegulum stage, and seems to suggest an a lmos t uniform rate
of growth and direction. In Torynelasma rossicum G ORJ . and others (Text-figs 7- 9) there occurs

A

I

B

In .

c
O.5mm

F ig. 7

Torynelasma sp. (erratic boulder, No. O. 418). One pedicle valve in th ree views (A-C) , two grow th stages
and direction of growth mar ked (A, B) ; e. p , f. externa l pedicle tube, i ll . interarea.

gra dua l growth with only some changes in its rate, the valve size enlarging in the anterior di
rection rather regul arly. This is showed by the appearance and density of concen tri c lines re
gularly arra nged over the whole shell surface (PI. XX , Fig. 11 ; Text-fig. 9). In some species,
howe ver , just after the protegulum stage of pedicl e valves, an addit iona l phase can be dif
ferenti at ed. It is quite well marked du e to the changes in direction and rate of growth ap pea ring
to be respon sible for the general form of the adult valve and its ori entat ion to the brach ial one.
Th is ph ase compri ses probably a short per iod , just afte r the sett leme nt of the an ima l. Th e
complete cha nge in th e mod e of life of the anima l could give rise to some distu rbances in the
secretion regime and could, in many cases, produce some relati ve reta rda t ion or accele ration
in the normal outgrowth of the post-protegular shell. Very ofte n, increase d local ventra l arc hing
is formed du e to the di rectional change s of growth (Text-fig. 23). Th e effects of these cha nges
can be sometimes quite rema rkable. In M yotreta crassa GORJ. is formed someth ing like a ca lpac,
the young valve being ro undly outlined , looking as if superimposed on the adult valve (Text-fig.
29 B2) . In Ephippe lasma sp inosum n. sp. the post-apical va lve is very arched in lat eral view and
the young valve being cha racterized by the cro wded concentric lines, in Paratreta similis n. sp . it
is vesicularly arched in side view (Text-fig. 23, 2a). Th e ab ove - young, post-prot egular valves
suggest a slightly more int ensive accretion in length (the con centric line s being more numerou s
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Fig. 8

Torynelasma sp. (erratic boulder, No. O. 178). 1-3 - different pedi cle valves in various size: a interarea, and b side views.

as in Ephippelasma spinosum n. sp., Text-fig. 10) and width (the valves being more widely
outlined). The total length of the anterior margins in these valves being longer in relation to
those of the just following adult valve, in the latter case the total length of anterior margins
usually increases gradually. Myotreta crassa GORJ. shows that the adult valve can grow to be
a little narrower than could be suggested by the young calpac-like valve and in Ephippelasma
spinosum n. sp. that it tends to be a little broader. Thus, with further development, some change s
in growth direction do occur, but are rather minimal. As a result the two subsequent phases,
the intermediate and adult can be distingui shed, the boundary between them being often de
termined as a result of continued growth but only in thickness, the growth in length having
temporarIy ceased.

It is worth mentioning that all this concerns the pedicle valves displaying an external
pedicle tube , which with growth becomes slightly obscured, due to the arching of the posterior
half of the valve. In Iow valves devoid of an external pedicle tube as in Scaphelasma subquadra
tum n. sp. the protegulum and post-protegulum stages can only be discernible.
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Fig. 9
Torynelasma rossicum GORJANSKY (erratic boluder, No. O. 418). A , B two views of one pedicle valve, B three (I-Ill)

growth stages marked ; it. interthrough.
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A B
Fig. 10

Ephippelasma spinosum n. sp. (Bartoszyce IG-l , 1895·5 m). A , B interarea and side view of one adult valve, B three (I-Ill)
growth stages marked; it. interthrough.
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As to the brachial valves there always occur only two growth phases, the protegulum and
ad ult stage.

From the above sho rt review it is seen that th e post-larval growth in inarticulate brachio
pods can be defined as rathe r very simple.

SHELL SURFACE OF SOME INARTICULATES

Concenti ic ornament. Shell surface of inarticulates merits some mention from the point
o f view of th e "orn ame nta l" elements such as spines or, in a different way expressed , traces
of concentric increments of gro wth . T hey give to the shell, sometimes, a very characteristic
a ppea ra nce as their pattern can be much differentiated.

T hese con centric o utg ro wths, pr esent on the po st-protegular shells occur in some va riety,
developed as e. g. lam ellae in Scliizo treta KUTORGA, imbrications or papillae in Glossella COOPER,
o r simply as co ncent r ic lines, bands or rugae of a few intermediate types observed in , among
others, Paterula cr. perfecta COOPER a nd l .ingulella SALTER. They all are, in general , rather re
gula rly spa ced a ll over the she ll surface.

T he acrotreta ceans di spl ay concentric surface ornament seemingly of a quite simila r
a ppeara nce . I t gives, as a rul e, an impression of quite uniform, simple and regularly arranged
lines o r bands o f only unmarkedly changeable thickness, which anteriorly become only
so metimes mo re closely packed. T he scanning electron microscope shows, however, that th e
surface o rna ment despite of the very small she ll size is, in many forms, of a variable
charac te r.

G ener all y, in acrotretids a few kinds of concentric ornamental elements may be distin
gui shed . They a re developed as thinner or thicker macrolines, more pronounced or less bands
with mod erately rounded backs, elevat ed ridges usually having quite acute backs and concentric
lam ellae with thickened margin s, somet imes bearing different proturberances. They all may
appea r in diffe rent gro wth stages and can de velop at different rates (e. g. Curticia minuta Bell).

T he simplest and th e m ost common , recorded in the Cambrian to Silurian forms, appears
to be that co mposed of concentric lines or bands, quite di stinct, usually continuous along the
wh ole she ll width and being of a lmost uniform size. Some changes do occur in their thickness
a nd heigh t but th e fluctuati on s usually range within rather narrow limits. A s to the density
of concentric eleme nts, it tends to be almost uniform , as the new ones are added beneath each
ea rlier one at a lmost the same distance. They develop by the accretionary growth of valve
edges, fo rm ed by sim ulta neous single deflection into a wave of the correspondingly growing
mantle edges (WILLlAMS & ROWELL, 1965).

T he concentric elements can be single, especially in the ca se of bands, ribs or lamellae,
th at mean s of thicker co ncentr ic elements . This can be well illu strated by Rhysotreta corrugata
COOPE R, Sc aplielasn ia septatunt COOPER (COOPER, 1956, PI. 18F , J), which possess very thickened
a nd wide ly a rranged single concentric ribs or bands of lamellar appearance, and of quite regular
spa cing . In the case of co nce ntr ic macrolines or bands, some of them are subjected to ho
rizontal a nd usually d ichotom ou s branching. Thi s do ari se due to a periodic and localized
deflecti on int o a wave of th e mantle (WILLIAMS & ROWELL, 1965).

It is d ifficult to define preci sely the exact limits of the branching frequency. Generally
speak ing, so me per iodicity can be sta ted as occurring within the limits of approximately two to
five or so met imes more concentric bands, depending very much upon their thickness. Thinner
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elements such as concentric macrolines do, as a rule, branch more often, the thicker ones, ego
bands, more rarely. This is observed in, among others, Torynelasma toryn iferum COOPER,
Ephippelasma minutum COOPER (COOPER, 1956, PIs . ISJ, 178), M yotreta crassa GORJ. (GOR
JANSKY, PI. I I, Figs 14, IS, 19; see PI. XIII , Fig. 9). On some parts of pedicle valves, on th eir
ventra l slope, the branching can be twice to three times repeated everyone to two concentric
macro lines, following alm ost one below th e other, one branching to the left , the next one to the
right. An example of thi s can give Ephippelasma sp inosum n. sp . (PI. XXIV, Fig. 9).

Intercalation does occur but is extremely rare. The new bands appear independently
in th e concentric interbanding furrows, formed as a result of periodic deflection of the mantle
edges in different places on th e shell surface, beneath the existing earlier band and, in such
a way, placed always midway between the two adjacent ones. This is ob served in Apsotreta
expansa PALMER (PI. XXXVIII , Fig. 2) in which intercalation occurs rather often , which seems
to be an exception . The int ercalating bands are, at first , slightly lower th an the remaining bands
but very quickly attain a lmos t the same thickness and height of th e earlier ones. In such a way,
the whol e spacing of th e mentioned concentric elements, including those intercalating and bran
ching, is almost uniform , the differences in their width being small. The same concern s also the
concentric furrows. This is well illustrated by Ephipp elasma spinosum n. sp. (PI. XXVI , Fig. 9),
Cerat reta hebes BELL (PI. XXXIX, Figs 1,3), Apsotreta expansa PALMER (PI. XXXVIII , Fig. I).
The concentric elements a re more distant or less, some of them being somewhat lower or higher,
thicker or thinner, but as a whole, their general pattern is as much uniform as is seen in Tory
nelasma rossicum GORJ. (PI. XX , Fig. 11) or Cerat reta hebes BELL (PI. XXXIX, Fig. I). In M yo
treta crassa GORJ. which di splays much the same gene ral pattern , the concentric. macrolines
and bands appear to be a littl e more differentiated in thickness a nd height, especially in the
anterior direction (PI. X Ill , Figs S, 9).

In some form s a re ob served , some disruptions in the contin uity of the concentric macrolines
or bands, being usually locali zed, some times restricted to a very small part on the shell surface.
These disruptions could be a reflection of some environmental factors such as temperature,
sa linity and the crowded animal ass em blage or predators activity which can not be excluded .
In Prototreta sp ., judging upon th e pattern of the se disruption s (PI. XL, Figs 1-4) they are du e
to , in all probability, some injuries during the life of the a nimal.

Th e splitt ing of con centric elements is not a rule within the stud ied inarticulate brachio
pods. This can be ob ser ved in some forms displaying much thicker , higher a nd more di stant
bands a nd seems to be characterist ic of Spondy lotreta COOPER. There can occur a simultaneous
splitt ing of one band int o three or even more thinner on es. In Sp ondylotreta concentrica COOPER
(PI. XII , Fig. 3) there occur concentric and rather wide undulati on s. They a re covered by a few
thinner macrolines which can split, int erc alation does also occur, the splitte d conc entric lines
cover , in thi s way , the whole of the valv e surface, or a particular part of it, including the con
centric undulations and the separat ing furrows.

A slightly peculiar pattern of the surface concentric ornamentation characterizes the genus
Scaphelasma COOPER . The specimens of Scaphelasma subquadratum n. sp . bear the di stinct,
usually of lamellar appeara nce bands, usually well developed in the median part of shell , often
alternatel y arranged. These lamellae are greatly thickened , to about 0.03 mm wide, with marginal
end s rounded and step-like spacement. The lamellar su rface in the majority of ca ses is, addi
tionally, well ornamented, bearing rib s which are short, st rongly oblique, extending from one
edge of th e lamella to the other, inclined to the left or right. They do occur on each lamellar
extension , and are localized to some places of a particular lamella giving often a very spectacula r
appearan ce (PI. XVI , Fig. 10; PI. XVII , Fig. 6b). These lamellar rib s ari se, probably, through
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a localized deflection of the mantle edges at a given point. During subsequent growth these
are transmitted laterally, usually in both directions, similarly as the rugae in the articulate
brachiopods as is shown by the diagrammatic illustration given by WILLIAMS & ROWELL

(I965, HI 79). .
A very peculiar pattern of the external surface is seen in the members of Eoconulus COOPER.

The valves of Eoconulus cryptomyus GORJ. from Estonia, usually, to a different degree, asymme
trical, bear the concentric bands, often looking as lamellose extensions, their edges being
bordered by numerous thickened protuberances, the se projections being very changeable in
appearance. They connect the edges of the preceding lamella with the following one (PI. XXXV,
Fig. 1). The lamellar extensions are , in addition, ornamented by oblique ribs , somewhat like
those in Scaphelasma (PI. XVII, Fig. 6b), their pattern being highly unstable, very probably
a reflection of the degree of the valve asymmetry.

To sum up , it could be stated that simple-single concentric bands, macrolines, ridges
or undulations, with many small modifications prevail in the known Lower Palaeozoic acro
tretids and mostly characterize the more conical forms. Deviations from the simple concentric
pattern are observed in the Scaphelasma and Spondylotreta. In Eoconulus (its systematic position
is not yet clear) the surface pattern of ornamentation does not resemble very much that of the
other con sidered forms. It is much more differentiated and more complex in appearance. It
may be supposed that this is related to some disturbances in the growth process of particular
specimens, some evidence of thi s being the asymmetry of valves. May be, a more complicated
surface with a greater number of thick ornamental elements like those in Scaphelasma or Eoconulus
could serve.to strengthen the shell and to make it heavier. Another question is the frequency
of the very differentiated appearance of the concentric ornament in one shell as is shown in
Eoconulus cryptomyus GORJ. (PI. XXXVI, Figs 9-10), suggesting some special ornament for
a particular stage. The surface ornament in inarticulates could be studied to such a degree as
in articulate brachiopods.

Interarea. There remains the question of the ventral interarea ornamentation. The concentric
lines disposed around the po st-larval shell continue on thi s area sector pre serving nearly the
same pattern . The lines can be almost straight or slightl y wavy, depending upon the degree
of the interarea development. As a rule, the lines can be of a little varying appearance. Their
thickness only slightly fluctuates, their spacing wider apart or less in comparison with these
on the remaining valve surface. They can split more often , if thi s occurs on the valve surfaces,
sometimes simultaneously into two to four smaller lines as in Torynelasma rossicum GORJ.

(PI. XXII , Fig. 4). They ar e, in addition, of slightl y wavy appearance, forming sometimes
bunch-like arrangement. In Conotreta mica GORJ. they can be relatively thicker, making an
impression of short and discontinuous bands.

Interthrough. Its development is not clear. B ELL'S suggestion that it might be related to
the pre sence of the pedicle tube is much doubted by ROWELL (I966, p. 3), who notes this groove
in the genera without a pedicle tube inside the valves of the restudied by him Linnarsonia
W ALCOTT. The interthrough comprises a narrow median part on the interarea sector and evi
dently, there occured some disturbances in the secretion of probably the outer layers of the shell.
Evidence of this being horizontal lines traced across the interthrough, which are, however,
much more fine in comparison with those crossing the remaining surface of interarea. ROWELL

(1966) mentions the lack of concentric lines in the interthrough. This is a question which must
be discussed, as the smooth interthrough appears to be not characteristic, however, for all
the acrotretaceans.

As mentioned above, the interthrough is developed as a narrow groove, looking as
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a narrow deepening of varying depth. One can observe on its both bounding margins an abrupt
change in the thickness of concentric lines, but not always their complete disapearance. The
lines do continue across th e int erthrough but a re extremely fine and sometimes difficult to
observe. This gives an impression of their ab sence in the interthrough. More light could be
thrown on this question by using the scanning electron microscope in studying a larger
number of different species.

Spines. In the most of the spinose inarticulate brachiopods th e surface spines are single,
elongate, distinctly tapering and hollow, usually arranged in concentric rows, parallel to the
concentric banding. They can vary sometimes greatly in their size in particular spinose specie s.
In Siplionotreta verrucosa (EICHW.) or Multispinula sp. th ey a re differ entiated into two set s
comprising : I) sma ll fine spines, subcircular to oval at the base, usuall y to abo ut 2 mm lon g,
and 2) larger on es, at lea st to about 6 mm in length , lying, as a rule, alternatively. In Helmersenia
ladogensis JER EM., the surface spines are of a lmos t equal size, corresponding, in general , to the
larger ones of Siphonotreta verrucosa, which are oval in outline at th e base (BIERNAT& WILLlAMS,
1971).

The spacing and arrangement of spines change both within the species and within each
particular form . Their appea rance and arrangement on the shell surface have been used as
a generic feature (COOPER , 1969, p. 2 17). Of th e other spines, there a re known , among others,
the long hair-like spines covering the shell of Acanthambonia COOPER, short stubby spines
of Petrocrania RAYMOND or the branching spines of Alichovia GORJANSKY (GORJANSKY, 1969;
BIERNAT, 1971; see PI. XX XI).

The branched spines are of three gen eral kinds, the fundamental difference lying in the
mode of their branching. In the two first, th e branching starts on the distal end of the stem which
does not continue to grow in its original form. In th e third kind , th e stem continues to grow,
preserving its axial character , as th e branches ari se helicoidally from the lat eral sides of the
stem. The branched spines are sca tte red on the shell surface, arr a nged in concentric row s and
somewhat in a radial way ,·the first row occurring at a distance of ab out 0.7 mm from the
beaks. Their number, thickness a nd degree of branching increase with growth but th eir spacing
probably doe s not change very mu ch, however, it keeps in some relation to the degree of
branching. These spines in their full development a re of a complex appearance. They are
always present on the anterior half of the growing shell a nd on the posterior half of the shell,
being preserved as fragment s or stumps, con stituting the remnants of ea rl ier developed spines.

With each growth stage of th e shell, a proper and gre at er degree of spine arborescence
occurs (BIERNAT, 1971). Ch aracteristic of these sp ines is a great regularity in the dichotomously
repeating bifurcation, the newly appearing spines are about tw ice as narrow and small, gradually
tapering distally. The spines project at different angles from the shell surface, changing from
almost perpendicular in the posterior half of th e shell surface to nearly parallel in the anterior
third of the shell, greatly extending anteriorly beyond the shell margins (GORJANSKY, 1969,
PI. 20, Figs 1-4; BIERNAT, 1971, Text-fig. 4B).

Slightly different are the sp ines characterized by ha ving a comparatively thick stem from
both side s of which ari se, in a heliocidal way, lateral small branches, twice to three times thinner
than the stem, all tapering distally but, in all probability, stopping growth rather early. This
being indicated by their length and thickness as is shown by GORJA NSKY (1969, PI. 20, Fig. 4a).
The distance between the subsequent lateral branches diminishes with growth and on the distal
third or fourth of the stem the lateral branches are more densely arra nged . These helicoidal
spines were, probably, long judging by the thickness of many of th e pre served fragments. There
occur some variations in the leng th and thickness of these spines can oscillate . It is quite possible
3 - P a la eontologia Polonic a N o . 28
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that these sp ines found in a number in the Tremadocian chalcedonites are characteristic of
Alichovia analogi ca n. sp. The same kind of sp ines occurs in Alichovia ramispinosa GORl. from
the Middle Ordovician of the Russian platform (GORlANSKY , p. 97, PI. 20, Figs 1-4) den sely
covering th e antero-Iateral margins of the shell, extending considerably in the a nterior direction.

M uch less complicated a re adult spines, dichotomou sly branched in lateral directions,
o r th e spines with three b ranches, projecting in three directions (PI. XXXI , Fig. I) . These bran
ches a rise from th e distal end of th e sp ine stem, simila rly as in th e ca se of the first cycle of the
arborescent branching. They are ar cu at ely bent downwa rd s tapering distally like the single
spines. They were, judging from th e pr eserv ed frag me nts, quite large in adult stage, the stem
bei ng stout a nd lon g, measuring to about 3 mm in length , tapering di stally but to a small degree.
T heir appea ra nce does not cha nge very much with gro wth. These sp ines are rare in the residuum
and have never been found togeth er with the she ll. It is possibl e th at th ey could cover the whole
she ll surface , may be in ass oc iat ion with th e single spines, o r a t least th e antero-lateral or po
stc ro- latera l part of she ll. In a ll of the mention ed sp ines th e central canal penetrates the shell
to communicate with th e shell interior, and th e ba sal part o f spine is di sposed almost normal
to the surface of th e va lve sim ila rly a s in the single spines (B1ER NAT & WILLIAMS, 1971, PI. 2,
Fig. 4) .

All th ese kinds of sp ines grow in the same way , i.e. th e central canal being lined with
the o ute r epithelium surround ing a ce nt ra l core of connecti ve tissue , the generative zone always
acting (BI ERNAT& WI LLIAMS, 1971). In addition to th e true sp ines, on the posterior edge of pro
bably the pedicl e val ve only of so me sipho no tre tids like A licliovia analogica n. sp., Siphonotreta
acro tre totnorpha GORl. and Heltnersenia ladogensis J EREM. a range of peripheral spike-like
proturberances occurs (PI. XXX , F igs 7, 8). These appea r to be the prolongations of the she ll
substa nce - and are devoid of int ernal ca na l. These pr otuberances are of slightly differentiated
width and length, sometimes arranged alternately, sma ller -larger, almost of the same thickness
and each bilat erally flattened . T hese elem ent s seem to be st ro ng or even massive. They constitute
so me ornam ental st ructures and co uld, to some degree, st rengthen the posterior margin of the
va lve bea ring th em or, in addi tion to the pedicle, they co u ld be helpful in some anchoring matter.

Thi s gr eat differentiation of th e surface sp ines conveys th e impression that their role is
al so very differentiated . It could remain in so me relati on to the slight ly fluctuating demands
of th e growing animal s. The functional possibili ties of sp ines could be more complex than is,
up to now , supposed, and may be, for each grow th stage slight ly different and in old stage, pro
babl y much reduced. The sp ines a re, at fir st differentiated at th e margins of the growing shell,
hence they constitute, as a whole, an o rna menta l element in every growth stage of the shell
development. It is quite po ssibl e tha t they could serve, to some exte nt, as anchors, e.g. the po
sterior spines of Siphonotreta very mu ch remind ing o ne those in productelid s, some of them
being often similarly curved (P I. XXVlll , Fig. 6). These sp ines may supplement the function
of th e st ill act ive pedicl e and th e other s could partly serve for pr otection , strengthen ing the
shell or act ing as a sieve (BI ERNAT & WI LLl AMS, 1971 ; BI ERNAT, 1971). It is not improbable that
they had some function as sens it ive organs as sugges ted by R UDW1 CK (1970) , but this applies
onl y to the sp ines on the newly growing part of she ll.

All these suggestions appear to be quite rea son able explanations of th e function of spi nes.
O ne can say that the role th e spines played was probably very valuable for the animals. Thi s
feature is too often repeated within the brachiopods to be accidental , appearing independent ly
in d ifferent inarticulate and arti culate groups of diffe rent geological age. Another open question
is whethe r each kind of spines is confined to the shells of a particular species of genus. The
pr obl em is rather complicated in Alichovia, It is possible that while each of the mentioned kinds
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of sp ines could ch aract eri ze particular species, it is al so possible that these could occur in various
combinat ions, e. g. th e a rbo rescently or dichotomously branched alternating with the helicoidal
o nes a nd may be with sim ple o ne s. In Alichovia ramispin osa a ll kinds of sp ines mentioned above
do occ ur as is mentioned by G ORJANSKY (1969, p. 98) .

In addi t io n, G ORJANSKY is o f the op inio n, that th e ramificated sp ines could be sufficient
cha racte r to erect a new fa m ily for th e sip ho no t ret id s di spl aying this feature. He is, in a ll pro
bability rig ht , but this, at p rese nt, ca n not be decided until more ev idence is found. A s a matter
o f fact, th e other morphol ogical fea tu res and internal st ructur e a re not suffic iently known for
specime ns bea r ing the branche d sp ines .

Protegular pits ill acrotretace ans. Thi s feature, in general , well preserved in fo ssil sta te,
is a rem arkable character quite recently observed by th e scanning electron microscope (BIER
NAT & WILLlAMS, 1970) . T he pr esence of pits ha s a lso been observed in unidentified acrotretacean
pedicle va lve fr om th e La te Ordovici an o f Norway by POULSEN (1971), who m entioned the
scro bula t io n = pi tting present o n the apical parts of stud ied valves.

The presen ce of pit s can be obse rved by a normal microscope using a magnification of
a bout x 250. As is shown, the picture of pitted protegulum in Scaphelasma subquadratum n . sp. is
no t ve ry d istinct in th e ord ina ry micro scope a nd th e pits a re marked only by a n irregular pattern
of dark spots. Only th e sha rp boundary between the immature a nd adult va lve is well marked
due to the appeared concent r ic band characteri sti c of the beginning post -protegular shell
(P I. X IX).

T he pattern of p its in Torynelasma COOPER has been suggested to be typical of acrotretacea
(BIERNAT & WILLlAMS, 1970, p . 493). It is composed of flat bottomed , mostl y ci rcular (elliptical
can a lso occur) excava tion s o f varying di ameter co mp r ising two well differentiated grades;
the coarser pits ranging fro m 2 to 4·5 nm in di amet er a re bordered by q ui te di st inct ridges,
somewha t elevated, a bout 350 nm in thickness, and which can continue into a slightly rai sed
pl a tform bearing a bundant smalle r pits, to about 350 nrn in diameter.

A simila r pa tt e rn of prot egu lar pits, with o nly very sm a ll modifications, is repeated in
Rhyso treta corrugata COOPER. Some differenc e occu rs m ainly in th e diameter a nd depth of the
la rge p its a nd in the number of smaller on es. l n general , however , th e large ones are more
con stant in appeara nce re maini ng al ways roundly outlined, in contrast to th e sma ll ones whi ch
in Rliyso treta corruga ta cha nge in outline from more tran sverse to less, through slight ly tri angular
to rou nded. The limits in the size of the latter appear to be wider than in th e former pits. These
sma ll differences occur, usu all y in so mewhat different combination and, a s a re sult, can give
a picture slight ly devia tin g from th e typical on e of Torynelasma (a feature probably of subfam ily
level).

The Scaphelasma pi tt ing picture reminds one very much of th at of Torynelasnta (P I. XXII,
F ig. I). However, in th e former, a ll pits are slight ly deeper, th e sm a ller much less in number
enci rcle the larger o nes in a slig htly different m anner - som ewhat in the form of a crown.
A lso th e pl atform of Torynela sma type bearing sma ll pits is in Scaphelasma less marked or
much reduced.

C haracterist ic is t he presence , in all known ca ses, of two grades of pits. However, the
d istinction between them can be, in some cases much obliterated. This can be due to the larger,
so met imes, limit s of va ria t io n with in the smalle r pits. Th is is well illustrated by M yotreta
crassa G ORJ. which possesses a number of pi ts intermediate between the large and small grades
(PI. XIII , F ig. 8) . In ge nera l, th e number of small p it s can be reduced consid erably as in the above
mentioned S capltelasm a sttbquadratum n . sp . (PI. XV] II , Figs 3-4) , Myotreta crassa GORJ.
(P I. XIII , Fig. 8), Prot otreta sp. (PI. XXXIX, Fig. 4) , or Ephippelastna sp inosum (PI. XXVI,
3*
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Fig. 3). Their diminished number seems to be associated with the deepening of both grades of
pit s, i. e. pit s and minipits. Probably, this is not a rule, but, nevertheless, it prevails in the
con sidered specimens.

The above mentioned typic al pattern of Toryn elastna is, to a great extent, comparable
to that of Myotreta crassa or Conotre ta mica GORJ. (PI. XIII, Fig. S). The differences which
occur are much smaller th an between the latter form s and Ephippelasma spinosum. In general,
th e Scaphelastna fabr ic can be supposed as a transiti onal type through the Myotreta an d
Conotreta to th e d ifferent pitting of Ephippelastna, Spondylo treta, Apsotreta. In all these for mer
genera, except for Scaphelasma and Rhys otreta, thc la rge pit s are relati vely much smaller and
deeper, being, in addit ion more closely packed together, du e to serious red uction in num ber
of th e minipits t Ephippelasma subquadratum n. sp., Prototreta sp.). The bound ing ridges are al
ways, in th e large pits usually very exposed (PI. XXI, Fig. 4).

The fa bric of pits can diffe r in all the con sidered species, to a varying degree ; the limits
of th is va riat ion are yet inad equ ately known , being in this paper on ly outlined. Whether this
character is a valuable generic one, is to o early to say with an y degree of certainty. The maj ority
of the gene ra , studied from the point of view of pitting, a re representatives of different sub
families. Admittedly, POULSEN'S acrotretacean specimens from the Ordovician of Norway
show the same pattern of pr ot egul ar pitt ing as th at of Myotre ta (POULSEN, 1971). This character
together with the similarity in the genera l morphology of the pedicle valve suggest that they
sho uld be included into th e mentioned genus (see p. SI). T his fact appears to be of some im
po rtance but not as yet sufficiently convincing. M ore evidence is necessary to judge the taxonomic
value of pits on the eventual gener ic level.

It does not seem to be a valuable specific character. Th is is, to some extent, indicated by
two species of Toryn elasma COOPER : Toryn elasma toryniferum COOPER from Pratt Ferry For
mati on and T. rossicum GORJ., from the Lower-Middle Ordovician (Arenigian-Llanvirnian)
of th e north- eastern Poland. The patt ern of th eir pr otegular pitting is almost identical. This,
ma y be also true fo r other species of other gene ra. Thi s can , however, support the view of some
their impo rta nce on the generic level. The species are to o small taxonomic units for the pit s
to play a taxon omic rol e, the more so when taking into con sideration their origin and function
which have already been discussed in some detail (BIER NAT & WILLIAMS, 1970, p. 495).

To sum up , it can be concluded that the pattern of pit s can undoubtedly change on the
subfamily or family and, in all probability, on generic levels, their presence being high ly
characteri stic for th e superfamily.

ACCOMODATION OF THE "HINGE" MECHANISM
IN ACROTRETACEANS

The " hinge" .morphology of thi s gr oup is very simple and the valves at their posterior
ends appear to be somewhat loose. The primary important elements of th e internal articulation ,
like teeth an d sockets are lack ing which is why the disarticulated valves are commonly found
in th e residuum.

Considering the utility aspect of the hinge, comprising the valve movements, protection
of an imal from the external environment, it appears to be organized in such a manner, as to
form a fairly functional "hinge" apparatus. Although primitive, it remind s one of the articulate
pattern. There are some much fa vourable "hinge" accomodations which play a great ro le in
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holding both valves of the shell together during the life of the anim al, after its death and often
also in fossil state. Evidence of thi s are the few specimens of Torynelasnta rarum n. sp., Myo treta
crassa GORJ., Ephipp elasma sp inosunt n. sp. found with both valves closed in residuum, although
etching is not a favourable operat ion for preserving the shells in the "articulating" state. Thi s
also suggests that the valves were not separated posteriorly, or if so, only very littl e from each
other. They could be opened only at the antero-lateral margins, the brachial valve usually acting
as an operculum.

In general , the acrotretaceans possess the po sterior margins of both valves entire, relatively
broad and almost straight, such margins being regarded as functioning as a "hinge" mechanism
sensu that of articulate brachiopods. The posterior edge of each valve is moderately and in
a rather regular way, correspondingly arched or /and undulated, a fact mentioned by BELL

(1941) and PALMER (1955). Even a very weak undulation or arching at the posteri or end of one
valve always matches that in the corresponding valve. All thi s can con siderably strengthen
the posterior contact between the valves of a shell, limiting also possible movements. BELL

(1941, p. 222) notes the lack of opening between the valves at their posterior margins, a fact
also certified in the studied form s.

B
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Fig . 11

Diagrammatic reconstruction of the shell with both valves closed (B) and with a brachial valve in movements : A opening
-closing , C sliding.

The acrotretaceans show a complete absence of any opening or slit. The posterior "hinge"
edges always appear to remain in exact contact during any movement of both valves. Also the
size and outline of the brachial valve usually well correspond to the all margins of the pedicle
valve. This is one of the very useful, for the articulating mechanism, accomodations which
makes it possible for the valve edges of one shell to fit into another very precisely.

There occur some small variations in the appearance and outline of the posterior edges
of valves, which , to a great extent, do reflect the changes occurring during the growth of in
terareas. The sector corresponding to the interarea of the pedicle valve is distinguished rather
well by its marked flattening or even moderate deepening, po ssessing usu ally well pronounced
postero-lateral angles (Text-figs 25, 26). This part of valve is, in general, quite easily discernible
even in forms developing a highly conical valve, like Torynelasma rossicum GORJ. (PI. XX,
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Figs 9, 10) a nd M yotreta crassa G ORJ. (PI. XIII , Figs 5, 6, 7). It is always tri gonal in out line,
although th e t riangle can be , to a mu ch va rying degree, well defined a nd may be also narrowe r
or wider as in Paratreta sim ilis n. sp. (PI. VII I, Fig. 2), Eurytreta intetmedia n. sp. (PI. IX , Fig. 9)
and Myotreta crassa GORJ. (PI. XV , Figs 4, 5). T he int erthrou gh , a ltho ugh some times very
weakly marked, it s deepening can be very narrow and sha llow , co uld a lso give rise to some
undulations of the interarea margin (Text-figs 9, 10, 19).

As to th e posteri or edge of th e brachial va lve it var ies slight ly and a lways in correspon
dance to that of th e pedicle va lve. It is, in so me gener a , a littl e mor e narrowly arcua te and , as
a rule, o nly minimally extending upwa rd s, mod er at ely but regularly a rch ed a nd rai sed above
the dorsal poster ior edge o r only unma rkedly elevated above th e edge. T hese sma ll mod ificati on s
occur in ad ult spec ime ns of Toryn elastna, Ephippelasnia or S caphelasma species. I n every ca se
the slight arcuation of the po sterior edg e fits into a slight identat ion in th e vent ra l edge and
vice versa. The dorsal propareas a re small, some times very obscured as in S capltelasma species,
hence th e va riability is, in th e case of their development, extreme ly small. Som e ch anges can
be sta ted in the appeara nce of the median plate concerning it s size, outline, the degree of it s
deepening. Theproparea s arc, usually,eleva ted above the val ve floor and seem to extend so mewha t
into the vent ra l va lve int eri or in th e clo sed condit ion of th e shell. Thus, it ca n be supposed, th at
these elevated eleme nts could a lso serve as some kind of addit ion al a rt icu lat ing eleme nts,
probabl y slight ly re info rcing th e holding together o f both valves of th e shell at th e posterior
region or th ey could , as sugges ted by B ELL ( 194 1, p. 222) tak e part in a wea k lateral slid ing of
th e valves over each other. T his see ms to be a quit e rea so na b le supposition .

M ovem ent a/ valves. The genera l opinion is tha t th e movem ent possibilities in inart icula te
brach iop od s arc relat ively grea t. This can be judged from th e posteri or she ll morphology
and may be true in th e ca se of lingulids which a re completely devoid of " hinge" a rt iculat ing
elem ents obse rved in acro t retacea ns. In th e case of th e latter gro up it seems th at th e movem ent s
wer e rather limited in their freedo m. All th ese " hinge" sma ll accomo da t ions a re suggest ive
of two po ssible movements, the clos ing-o pen ing a nd the lat eral slid ing (Text-fig. ] I). The
add it iona l role of so me " hinge" elements co uld be defined as so mew ha t res tra ining the va lves
mov em ents. The closing-ope ning movements of both va lves of a shell arc controll ed by the
add ucto rs . These, in genera l, are ra ther grea t (j udg ing up on th e massive t races of mu scle sca rs),
especially the ca rdi na l o nes always well see n in specime ns of Myo treta crassa GORJ. (PI. XII I,
Figs. ]-4) , Eurytreta intennedia n. sp, a nd man y othe r spec ies. T hese mu scle sca rs lie very
clo se to th e posterior edge of th e brachial va lve, elo nga te or ro unded in o utline, di vergen t
or a lmost pa rall el in th e a nter io r di rect ion .

The va lves could , to a slight ly diffe ring extent, ga pe apa rt , and as suggested by RU D W ICK

( 1970, p. 68), a few degr ees o r more so . T his probabl y depend ing up on th e shape, dimen sion s
of th e shell and , ma y be, upon th e degree of septum development an d st rength of functi onal
mu scle s. In th e ca se of form s di splayin g a h igh cone like Torynelasnia , Ephippe lasma, M yo
freta species, th e small brachial va lves acting by right of op erculum , beari ng, in addition,
a complicat ed sept um, could , pr oba bly, be ope ned mu ch more th an in form s with less une
quival ved shell having a much lower pedicle va lve like Scaphelasma COOPER or Hardrotreta
ROWELL. In addition , so me specia l mention merits the extremely st ro ng and di sproport ion ally
large, in comparison to th e generally sm all shell size, tr aces of ca rd ina l muscles in M yotreta
crassa GORJ. or M yotreta estoniana n. sp. th e septum of which ma kes an impression of ex
tremely stro ng and heavy st ruc tura l element (PI. XIV, F ig. 4 ; Text- fi g. 30). Interrelati ons,
rather close, between the mentioned structures seem to be evident in th e ope ning-clos ing
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condition . In th e all menti on ed ca ses the add ucto rs with thei r "q uick" a nd "ca tch" ro le ( RUD
WI CK, 1970) co uld be very efficient in ac tion .

As to the lateral sliding, it was con tro lled by th e ob liq ue mu scles, the t races of which
are no t, unfortunately, preserved in th e here con sidered brach iop od s. T his lat eral movement
seems to be much rest ricted by the size a nd the degree of development of th e hin ge undulati on s,
including th e ment ion ed ab ove dorsal propareas. T his movement is a lso mu ch related to the
degree of the development of th e po stero-latera l a ngles. It is prob abl e th at thi s lat er al slid ing
takes place in th e limits of th e width of a ny of th e posterior margins undulati on s.

MEDIAN SEPTUM

Median sep tum is, in acro tret ids, amaizing in the degree of its d ifferentiation. It varies
much in size and con siderably in the degree of its complexity. A comparison of specimens
of differ ent acrotretacean s genera shows thi s element pa ssing from a low median ridge through
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Fig. 12

Scaphelasma subquadratum n. sp. (Ket rzyn IG -I , 1595'5 m). A-C onc specimen of brachial va lve in three different views
to show th e appearance of medi an septum; s. s. septu m simple.
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blad e-l ike pla te to a structure of complicated appearance. In general, one ca n d ifferentiate
two mai n types of septum recognized prima ri ly by th e mod e of attachment as well as the general
relat ion to the va lve floor an d secondari ly by the who le appearance of th is st ructure . These
types co mp rise a vert ica l and a n almos t horizo nta l to the va lve bottom eleme nts. It is sup
posed , tha t they do give ri se to a thi rd one which consti tutes a multi-combination of the above
two (P is. X X, X X II I; T ext-figs. 12, 13, 18). The first type is th e most common st ru cture occurr ing
in th e maj o rity of species, from Cambria n to Silurian, in a so mewhat modified fo rm. It
co rresponds to septum of artic ula te brach iop ods. T he two re mai ning typ es a re much more
rare, especially the second one which is, up to now, rest ricted to a few only acrotretacean
species reco rde d in Ordovicia n.

O.5mm

Fig. 13

'? Ephippelasma sp. (errat ic bould er, No . O. 418). 1, 2 - two fragmentary brachial valves showing median septum like
a hori zont al plat e with spines ; [. s. p , free septa l plate, sp. spike.

Type I. It com prises a lways a med ian eleme nt attached to th e va lve floor a long it s whole
length sim ply developed as a low ridge or a raised septum much varyi ng in length a nd height.
In so me ge nera it is very undiffer entiat ed rem ain ing, without not many changes, low well
thi ckened a t its base o r looking as a t hr ead unm a rk edly elevated above the va lve floor. Length
and thickness va ry in extreme ly na rr ow limits. In gene ra l, septum in its different form butresses
a medi an plate o r a sma ll po ster ior plat fo rm -l ike a nd rather wea k eleva t io n which follows
the medi an plat e and it reaches a lmo st to th e a nterior third of the va lve. Exa mp les of this can
be found in Eurytreta curvata (WALCOTT) (ill: ROWELL, 1966, PI. 2, Fi g. 11) o r Pegmatreta
rotunda BELL (in BELL, 194 1, P I. 30, F igs. 29, 3 1).

The majori ty of species po ssess a ver tical septa l pla te , grea tly cha ngeab le in its length,
th ickness a nd heigth. The highest point of thi s septum a lways lies in th e a nte r ior half o r third
of th e va lve, sloping more abrupt ly o r less an ter ior ly. The cha ng ing fea tures are few, neve r
theless, th ei r di fferent recornbination s give to the septum of man y taxon s a cha racterist ic ofte n
a ppearance . In general, the septum is a triangular or, to a varying degr ee, subt r ia ngula r plate
sta nd ing h igh above the va lve bottom with a st ra igh t to concave upper edge in la ter al view,
rai sing rapidly in its a nterior part , sometimes constituting a horn-l ike project ion like in Ce
ratreta hebes BELL (BELL, 1941 ; P I. 29, Fi g. 10), Undiferina rugosa COOPER (C OOPER, 1956,
PI. 18, F ig. 14) or ra ising grad ua lly almost uniformly, possessing a st ra ight, in lateral view,
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upper edge as shown in Scaphelasnia sep tatum C OOPER (COOPER, 1956, PI. 18, Figs. 70-72) ;
Canthylotreta marjum ensis (WALCOTT) (in RowELL, 1966, PI. I , Fig. 17; PI. 3, Fig s. 31-32, 35) ;
Scaphelasma subquadratum n. sp. (Text-fig. 12).

Attention should be paid to the septum of M yotreta GORJ. highly characteri st ic even
when it occurs in its simplest form as in M yotreta crassa GOIU . (GORJA NSKY, 1969, PI. 11,
Figs. 20-24 ; see PI. XIII , Figs 1-4, Text-fig . 29A). This structural eleme nt is like a sho rt and sma ll
tri angular and thickened plate rai sed upwards anter iorly, beginning invariably about midl ength
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Fig. 14

Myot reta estoniana n. sp. (Suhkrumiigi, Estonia). 1-3 - three different brachial valves in th ree views to show the folded
medi an septum.

of the valve or a little po sterior to it, never attaining the anterior margin of the valve with
the highest point directed anteriorly and , in general , simply folded in lat eral view in adult
shell (PI. Xlll; Text-fig. 29 A). Its very limited length in relation to th e degree of raising and
appeara nce in lateral view makes thi s element not very comparable, up to now, to that of th e
other acrotretaceans form s. Although simple, it is unique in its whole morphology.

In Myotreta estoniana n. sp. thi s septum is much more significantly fold ed du e to th e
accretionary growth in length and its size in relation to the rai sing a nd degree of folding make
thi s structure extremely peculiar (Text-figs. 14-16, 30). The total length of the folded edge
of this septum increases quickly and very much with growth, for it is affected by the appearing,
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with the progressing growth of she ll, smaller and higher deflections. At first , these deflections
are few and very indi stinct, sometimes hardly marked, of wavy appearance. Th ey, however,
deepen and elongate in keeping with to the increasing size of septum. In the advanced adult
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Fig , 15

Myotrctu cstonianu 11, sp, (Suhkrurnagi, Estonia). J, 2 - appea rance of a median scptum of two differen t brachial valves ;
car dina l muscle scars marked.

or old stages the anterior, sloping edge of septum is zigzag (Text-fig. 30). The number of de
flections enlarges, each new one being added on the flanks (sometimes on both) of the earlier
one. Their number is unstable, but usually three to six more foldings do occur. The upper
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edge of sep tum is stra ight, to a vary ing degree, thi ckened , forming someth ing like a horizonta lly
lying narrow plat e, fla ttened or slightly arcua te a nd usually mod erat ely wideni ng a nteriorly.
T his sept um, in its full development, is of slightly asymme t rica l appeara nce an d its slopi ng
a nte rio r edge can be, in old specime ns, strange in its zigzag form (PI. X IV, Fig. 4 ; Text-figs. 14-16,
30). T here is a grea t va riety in th e appearance of these foldings in ad ult specimens d isplaying
th e same size. In some cases the foldings are only mark ed , in others prono unced to such a degree
th at the septum is disp rop ort ion ally la rge in relati on to the size of th e who le shell, occ upying
ove r one fourth of th e anterio r widt h of th e va lve. ]n add it ion, one to th ree sp inose or horn
like processes do often expa nd anterio rly from th e upper pa rt of th e a nte rior sloping edge
(Text-fig. ]6).

A
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F ig. 16

Myotreta estoniana n . sp. (Suhkrurnagi, Estonia). A-C one brachi al va lve showing a slightly variable median septum in
th ree views : /I. p. upp er pla te, sp. spike,

Type 11. It is a peculi a r st ructure, develop ed as a med ian ho rizon tal pla te of varying
o utline and size, great ly expanded a nter iorly and somewha t lat erally. It is free in its a nterior
and lat eral pa rt s, excep t fo r th e poster ior end which is attached for a short distan ce to the
posterior thi rd of the valve bottom (Text-fig. 13). In addi tio n, th is plate is provided with prongs,
spinose pro tuberances or simply spines which occur a long its a ntero-Iateral margins or also
cove ring the under side of th is eleme nt. Exa mples of thi s "se pta l" horizo nt al plate are fo und
within the Ephippe lasma COOPER spec ies occurring in a number of deviati on s. This plate is
bes t illu strated by ?Epliippelasma sp . from errat ic boulder No. O. 418. It is very wide ly ex
pa nded also lat erally, slightly eleva ted upwards, possessi ng th e an te rior margin and under
side covered with spines which appear to be hollow, relati vely long, tap ering an teriorly and
arra nged in rows (Text-fig. 13). Ephippelasma minutum C OOPER from Pratt Ferry Formation-
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Alabama, displays a digitat e plat e also exp anded anterio rly but with its both lat eral sides bent.
This plate is a ttached to th e valve bottom similar ly by its pos terior end, being pr obably, not
supported at all by a ver tica l plat e or if so, only in th e, prob abl y, very yo ung growth stage.
This plate is free, expa nding a nteriorly mor e extensively o r less, pre ser ving a trian gular outline.
The marginal pr on gs, usually five to seven in number are, to a different degree bent , sometimes
al most pe rpen dicula r to th e valve floor (COOPER, 1956, PI. 17A, F igs. 1-14).
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Fig. 17

Myotreta sp. (er ra tic bou lder, No. O. 418).1 , 2 - two brach ial valves in two views to show a slightly differen t ap pearance
of a median septum.

Type Ill. A differen t combina tion of elements of the above two types can give a complex
septum of a quite specific appearance. T here always occurs a median vert ical plat e, correspond
ing to th e above mentioned simple sep tum, bearing or supporting a rather horizontal, sur
mounting plate, very chan geable in its genera l form, a counterpart of th e septa l plate, type lI.
The vertica l plate is, in general, high , on ly its length chan ging, with the highest point lying
more a nteriorly or less a nd almos t tou ching th e ventral side of th e opposite va lve when the
shell is closed . Also the slopi ng anterior edge is cha ngea ble, being sometimes slightly arcuate
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or concave, supplied, in some cases, with one or two horn-l ike processes or spinose protuber
ances.

The surmounting plate is th at which always varies, somet imes very much , within the
genera. It can be saddle-like as in Torynelasma minor COOPER (COOPER, 1956, PI. 18,
Fig s. 29 E), or like a narrow elongat ely tr iangular plate , bent on both its lat eral sides with
flat to moderatel y arcua te back as Tory nelasma rossicum GORJ., Torynelasma raruni n. sp.
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Fig. 18
Torynelasma rossicum G ORJ ANSKY (erratic bou lder, No . O. 418).1-3 - three different brachial valves in different positions

showing some varia tion in the appea rance of a surmou nt ing plate ; s. p . sur mounting plate, I'. p , vertical plate.

(PI. XXI , Fig. 6; Text-fig. 34). Thi s plate varies in size and somewha t in outline but ret aining
usually the proper relati on s between length and height of the vertical plate, general size of the
shell and the degree of the pedicle valve elongation. This is observed in Toryn elasma rarum
n. sp. A very intere sting modification occu rs in Torynelasma rossicum from erratic boulder
No. O. 418, in which th e surmounting plate is distally divided , the two branches diverging
anteriorly are bent downw ards and the vertica l plate is equipped with one or two projecting
spikes or somewha t bulbous processes (Text-fig. 18). It is a characteristic structure, wh ich
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could suggest an example of some anomalous development. But the three found specimens
of brachi al valve preserving this kind of septum and in different pha ses of growth, seem to
illustrate another possible modificati on of the septum complex. The separate pedicle valves,
found among others, together with the mentioned brachial ones remind one very much of
tho se of Torynelasma rossicunt GORJ., or T. raruni n. sp.

In Ephippe lasnia spin osuni n. sp. the vertical plate is short and the surmounting one
is well developed , much similarly as that of Ephippelasma minutum COOPER. It is widely ex
pand ed, equipped with marginal spines or spikes. To this group can be included the flabellate
septum of the Middle Cambrian Prototrcta BELL (BELL, 1941 , PI. 3J, p. 222). The septum
of the latt er form is considered by BELL as the most characteristic generic feature. The same
concerns also the Upper Cambrian genus Angulotre ta PALMER (PALMER, 1955, p. 770). Thi s
st ructural element is highly variable even within the same species, the differences which do
occur mostly concern the expanded surmounting plate and the appearance of the marginal
project ing spinose processes, which are not always sufficiently well preserved in fossilized shell.

Septal spikes or spines in Ephippelastna. The internal septal projections of Ephippelasma
Sp i1l0S111I1 n. sp. merit some mention - for the placement of these element s is unusual, being
not recorded, up to now. Th e spines are fairly numerous, arranged , in addition to the margin al
ones, in 3-4 rows on the under-side of the surmounting plate, 2-5 spines in each row, this de
pendin g upon the stage of growth , individual variability in their number being not excluded.
The spines are slightly incur ved, sometimes like a moderate arc and somewhat divergent
anteriorly. Judging from their thickness and preserved fragment s they, in all probability,
were comparatively long. Similarly as normal surface spines, they taper distally , being hollow
and circul ar in cross section, being secreted by the out er epithelium which lined the central
spine canal. These spines seem to be very much alike the surface spines of e. g. siphonotretids,
being, however, relatively a little more stronger and thicker. It is possible, that in very advanced
growth, they could thicken greatly and loss, due to that , the appearance of spines sensu stricto
CPI. XX VI, Fig. I ; Text-fi gs. 13, 35).

The spines in question are, in general, different from marginal digitate proj ections of
spikes of Ephippelasnia minutum COOPER or P rot otreta trap eza BELL. They could be developed
in much the same way as the pseudospines of some articulate brachi opod s, among others,
of the Devonian Fitzroyclla VEEVERS and of Uncinulus BAYLE (VEEVERS, 1959; BIERNAT, 1969).

The position of spines in Ephippelasnia sp inosum n. sp., their proximity to the anterior
edge of the valves conveys the impression that they could have served as structures reinforcing
the septum supporting the loph oph ore, or like surface spines they could have prevented harmful
part icles from exterior into the shell interior. To the digitate projections of the Epliippelasma
species one could also ascribe the role both of eventual "warning" system when the valves
are gaped, as also to strengthen or weighen the operculate brachial valve and thu s probably
slightly facil itatin g its opening movement.

Generally speaking, the tubul ar spines are confined to a few articulate and inarticulate
groups of brachiopods. Very amazing is the fact of their frequent development, but in different
parts of shell, exteriorly and inter iorly. As far as we know , the Ephippelasma is the only group
which has developed spines on the septal expanded plate and on its underside. COWEN and
R UDWI CK (1970) ment ioned an unu sual case of spines developed on the delthyrial region
of the Triassic brachi opod Bittnerula HALL & CLARKE, ascribing to them a role of auxiliary
att achm ent or stabilizing structural element s, in connection with the atrophy of pedicle. All
these above mentioned examples of spines are of much intere st, mainly due to their rather
strange localizations inside and out side of the shell.
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Remarks on the fun ction of the dorsal sep tum. Although the septum, as a whole, is
a di stinct st ructure constituting an inseparable element of the shell interior within the
brachiopods its exact function is not very clear. This problem remains st ill, to a great extent,
a matter of some speculative con siderations. The suppos it ion that it could serve as a po ssible
mu scle att achment ca n not be ascertained al so in the ca se of acrotretids for no traces of
th em on th e fossilized septum a re preserved in the stud ied form s. They have so far never been
described in fossil brachiopods. All th e mentioned addit iona l modificati on s of the septum,
sometimes very spec ific, are not fortuitou s.

It is believed th at the ran ge of all modification s could be even greate r th an at present
kn own . Ta ki ng int o con sideration that in the mentioned group of acrotretids th e interior,
with some exce ptions, is in general simple, the dor sal septum appear s to be the only real struc
ture to which one could ascribe th e function of a suppo rt ing eleme nt for the lophophore,
th e more so no othe r structure of a simila r function are developed there. Thi s problem ha s
been discussed amo ng others by WILLlAMS & ROWELL (1965, H 102) and RUDWI CK (1970,
p. 134) who int erpret the septum as a st ructur e connected with th e lophophore.

Th e microscopic shell size of acro treta ceans really suggests a simple lophophore, the
development of which could, in all probability, stop rather ea rly in its growth process, and
only th e schizolophous or ma y be early spirolophous stages could be attained . The recent
art iculate brachi op od s, terebratuloid Pun iilis antiquatus ATKINS, Argyrotheca cordata (RISSO)
and other s which are of sma ll dimension s possess al so a simple lophophore, not advanced
in developm ent beyond the schizo lopho us stage in adults, of relatively small shell size, 4·7 mm
in length (ATKINS. 1958, p. 576 and RUDWICK, 1962, p. 599). This stage of lophophore de
velopment could be ascribed to acrotretace an s equipped with a simple septum like Eurytreta
ROWELL, Hardrotreta RowELL or Spondy lotreta COOPER. Th e lophophore being adherent to
the bod y wall and dor sal mantle and th e median septum simple in its form , growing from
th e floor of th e brachial va lve in heigth , could really well support the median indentation
of th e schizolopho us lophophore.

In the case of th e ea rly spirolopho us lophophore, both of th e low extension s could project
fr eely down ward s, on bo th sides of the upper surmounting plat e of Torynelasma COOPER,
Ephippelasnia COOPER, Prototreta BELL and others, displaying the septum complex. The tips
of lophopho re as is sho wn by WILLl AMS & ROWELL (1965, HI 05) could al so lean on both
sides of th e sep tum, in th e d irection of the, probably, widely gaping valves of th e shell, the
dor sal operculate valve being th at which moved and rather rapidly. It seems to be quite proba
ble th at a lso in th e ca se of a myotretid sep tum, which is of st ra nge form , both arms of lopho
ph ore could similarly hang down freely on both sides of the supporting septum . Th e foldings
could prob abl y serv e to strengthen th e septum as a support ing st ructure. It do es not seem very
probable th at the lop hophore arms could lean on both sides of the septum very exact ly, ma y
be only on some of th e more pronounced foldings.

To sum up it ca n be said th at the septum is one of the most characteri stic features of
acrotretaceans and has a con siderabl e taxonomic value (see p. 65). This highly diversified
st ructural element remains in clo se relation to the general shell shape and outline. Shell s very
conical are usually equipped with a septum complex like in Torynelasma COOPER, Ephippe
lasnia COOPER, lowly conical shells possess a septum simp le like Scaphelasma COOPER and
Eurytreta Row. A simple septum is a stabilized feature within the Cambro-Ordovician forms,
bein g hom ologou s to th at in articulate brachiopods.

A complex septum with a whol e range of even small modifications is a newly appeared
feature restricted to th e acrotretaceans onl y of Ordovician and probably of Cambrian age.
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Generally speak ing, to eac h particula r subfamily can be ascribed a special kind of septum.
The func tion of the sept um could be determined as a n eventua l support for the lophophore.
May be, its complexity in some specia lized gro ups, co uld facilit at e the movement of the oper
culate brachial va lve. However a question is whethe r the se all sometimes very special, septa l
inn ovati on s can be co nsidered as really favourable for the anima ls d isplaying th em .

SOME A DA PTATIVE STRUCTURES IN ACROTRETACEANS

On e of the importa nt problems for th e living br achi op od s is, as sugges ted amo ng others
by R UDW ICK (1970), th e te ndency to at ta in and maintain shell sta bility after settleme nt. Thi s
ca n be realized in ma ny ways; one of th ese is th e development of an ap propriate shell sha pe,
proper for the mod e of life of th e anima l, th e sha pe very much depending up on th e presence
of a functio na l ped icle an d the p osition of th e pedicle forarnen . Th e slightly mod ified growth
direction s an d rates a re one of the main cau ses of p roducing differently shaped shells.
Commo nly known a re a few mai n types of shell sha pe, each of which display a number of
sma ller or bigger innovatio ns . In genera l, the shell bicon vexity with a ra nge of variously
pr on ounced convex ity for eac h valve, prevail s throu ghout th e whole history of th e brachiopod s,
probabl y as one of the best relative ly accomo dated sha pes.

T he tendency to attain shell sta bility during life, ca n be also expressed by th e lengthening
of the ped icle valve into a co ne, espec ially evo lved in the acrotretacea ns . This feature being
a lso reco rded withi n th e articulate brach iopod s like richthoph enids seems to have an im
portant va lue for some of the living an ima ls. T his conical form of th e pedicle valves, within
the considered gro up of ina rticulat es is, sometim es, accentua ted by a special elonga tion of
th e va lve. Thi s is shown in Torynelasma rossicum (PI. XX, F ig. 9). The conical va lve bea rs
a supraapica l pedicle fo ra men often provided by a well develop ed exte rnal ped icle tube (e. g. in
Torynelasma). Considering th is lengtheni ng of the pedicl e valve from the aspect of its ad vantage
fo r the an ima l it seems quite reasonable to sugges t th at it has an addit ional functi on , i. e. of
help ing to attai n possibly greater shell sta bility and orienta t ion during th e life of anima l.

T he lengthen ing of th e pedicle valve is, often, accompani ed by an addi tiona l int ernal
st ruct ure which , in the case of some ac rotreta cea ns is con fined to th e po sterior th ird of the
co ne. It s degree of develop ment remains in some relati on to th e valve length. This structure
is well illustrated in th e Lower Ordovician Ditreta dividua n. sp ., described from th e Trerna
docian chalcedon ites of Wy soczki. It is develop ed as a horizontal platform , thickened and
pierced by the int ern al pedicle foramen and dividing the va lve inte rior into two unequal parts,
a poste rior one, which is sma ller a nd a much larger anterior part (P I. V, Figs. 2-4). Th is platform,
however , con stitutes th e very bottom of th e shell laminae which, with th e subsequent grow th
of the shell, outcurve fro m the va lve walls, encircling th e protruding pedicle. In such a manner,
th e whole poster ior cav ity of the va lve is filled in by th e shell substance. The deg ree of the
apica l th icke ning is related to th e ind ividu al age of th e anima l, th e mantle secretion activity,
an d the degree of valve elongation. T his filling in of th e ap ical part of valve very much corre
spo nds to the "cone-in-cone" structure of th e shell laminae obser ved by B ELL in th e Middle
Ca mbr ian Protreta interrup ta B EL L, P . trapeza B ELL, P. mimica B ELL (BELL, 1941, p. 224,
Fi gs. 1-20), also being sta ted in some co nica l va lves of torynelasmat id type , recorded in erra t ic
boulder No. O. 511 a nd in other co nical valves of Dit reta type.

The above described apica l interior filling may be interpreted from the point of view
of its event ua l funct ion. The fact th at th e apica l par t of th e valve is espec ially th ickened ,
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i. e. that part of valve nearest the bottom for shell anchorage, enables it to serve as a weight
for the shell. It is a second modification which, in addition to the valve elongation, could
considerably help in the stabilizatio n of the animal in its settled condition . It is supposed that
also the apical process, characteri st ic of many, slightly less conical acro tretaceans like Har
drotr eta ROWELL a nd Eurytreta R OW ELL could also play, in add it ion to its main function
of limiting the pedicle fo ramen from th e interior, some role in weighing down the shell, but
to a much lesser degree th an th e above mention ed examples of Ditreta.

Worth mentioning is the fact th at th e presence of thi s sta bilising adaptative stru cture
is found , up to now, only in the species from cha lcedo nites. Thi s could indicate a special
environment, in which were developed man y ot her different st ructures such as bifurcated
spines in Alichovia . Th e short ly mentio ned structures a re examples of the evidently great
placticity of these a nima ls which could , for sur viva l so easily ada pt to th e existing en vironmental
requirements.

ABNORMALITIES

This phenomenon is not rare within the brachiopod s. Also the studied specimens of
inarticulate brachiopods can show, but a very small number of specimens which somewhat
de viat e from the norm in th e gene ral appearance a nd th e development of some morphological
and structura l features. T he shell deformities are rarly reco rded being, restricted mainly to a few
only examples and are not so pronounced as in articulate br achiop od s. Some attention should
be paid to them, however , the more so as exist ing information is very scarce.

In the inarticulate brachiopods shell irregularities, including th ose of mechanical origin,
appear to be much smaller than one would expect , probabl y du e to th eir very limited size.
This also applies to the con sidered collection of inarticulat es which , as mentioned, is composed,
to a great extent, of younger individu als, the very old stage not having been attained at all.
The specimens are smaller than average, length not exceeding I mm and their valves are thin
shelled and tran sparent. One could a rgue that th is probabl y sho rtened period of life of the
animals could diminish grea tly th e likelihood of mechanical injuries. There could have been
severa l causes for th e very slight she ll deformities stated in some specimens at hand, including
di sease and predator acti vity, th e emergence of which is stated early in Ordovician. The
changes deforming the shell are mostly ob served in th e pedicl e va lves, especia lly the very
elongate ones as Ephipp elasma, Toryn elasma or Eurytreta. The brachial valves with very
few exceptions are not affected.

One of the exceptions which illu strates local injuries of brachial valve is the shell of
Ephippelasma cf. sp inosuni n. sp. Both va lves show some asymmetry in outline accompanied
by irregularities in th e development of concentric lines (Text-fig. 19). Apparently, these are
injuries which, probably, appear in th e young stage of th e growing shell a nd could have been
the result of som e di sease, thus weakening the animal. The whole shell gives an impression
of underdevelopment and bears a few loc al traces of damages which could reflect some dis
turbances in the secretory activity of the mantle, th e mantle being, as is known, responsible,
in general, for regular growth of shell.

A few specimens of Paterula cf. perfecta COOPER demonstrate finely preserved traces
of so me boring animal, th e relatively large hole a nd much di sordered arrangement of con
centric line s in the vicinity of the injured part of the val ve being evidence of a boring activity
of some, in all probability, predat or s (Text-fig. 20). In general , the regul ar shape and outline
4 - P a l a eontologia P o lo n ic a N o . 28
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of highly conical acrotretacea n pedicle valves is a prevailing rule, at an y rate, in the present
collection.

Within Torynelasma rossicum GORJ. occur, however , pedicle valves (very few) which are
extremely elongate and, in addition , twisted to the left or right , in such a way as in some articulate
brachiopods displaying very elongate ventral umbonal part and large a rea like Cyrtina
on Uncites. The ca uses of thi s valve distortion are purely mechanical and can be explained
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Fig. 19

Few examplesof some anomaly in the externa l shell appearance and interna l str ucture . A - Ephippelasma cf. spinosum n. sp.
(Ketrzyn 1G-1, 1595·5 m), asymmetry in the shell outline and shape, and in th e development of a medi an septum;
B - Torynelasma sp. (errat ic boulder , No. O. 5 ( 1) possess ing an anoma lous appearance of the post erior part of pedicle

valve.

by some competition for settling space, quite like as in the ca se of the mentioned articulate
form s. 1n addit ion, no irr egularity occurs in the arrangement of the surface concentric lines.

The irre gular shape a nd outline of the brachial valve of Eoconulus, the only valve which
is know n, is very common. Practically, no other fossilized brachiopod shells occur so oft en in
such asy mmet rica l form. The changes in outline coincide, in general, with th e irregular appear
ance of co ncentric line s. They are subequa lly a rranged, often of diver sified pattern even on one
valve.

In the collection, onl y few specimens of Eoconulus from Estonia, which are of younger
indi vidu al age, have valves regularl y outlined. The others from cores (Ketrzyn TG-I , Bartoszyce
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IG-l) or erratics mostly have differently changed outlines. Tt is impli ed here, that the se
deformat ion s could , in some cases, be du e to diagenesis. In others, ho wever , there is no doubt
that they were the result of additiona l environmenta l factor s, among others, a limited living
space, which affected the shell, thus producing the mentioned deformities. The crowded living
space is a very probabl e explanation as the se animals were a very proliferated group - thi s
ca n be deduced from the number of occurring valves in fossil state.
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Fig. 20

Poten tia cf. perfecta COOPER (erratic boulder, No . O. 535). A , B two pedicle valves, B with traces of some injur ies.

As has been menti oned above, the size of the br achial valve (it s op erculat e character
bein g sometimes very distinct) of unequivalved acrotretacean s always corresponds to the antero
-lateral margins of the pedicle va lve, both valves of the shell fitting tightly tog ether. This is a valid
regul arity within the se brachiopods. In some, however , forms like M yotreta crassa GORJ. occur
shells which ha ve the brachial valve slightly smaller but which fits tightly at the po sterior margin
onl y, thi s valve on its ante rio r third being partly recessed within the conical pedicle valve without
evident marks of damage. Although it is not a normal condition, it is, nevertheless, not an
artificial "post-mortem" one. This kind of valve recession (when of course both valves of the
shell fit tightly together) does not occur without a slight displacement of both valves of the shell,
in relati on to each other, or of some brackage of the recessed valve. In the case of M . crassa
thi s slight recession of th e brachial valve into th e pedicl e one occurs without damage and the
valves are not displaced. Th is could suggest that really the brachial valve is smaller than average
and could, as a result , move freely in one dir ection , somewhat similarly as in the case of richt
pho phe nids ( RUDWICK, 1970).

In genera l, the abo ve shells could illustrate an example of accidenta l abnormality in re
lation to the size of one valve to the other although one could suggest that the exact fitting to
the valve edges in some forms is not the rule within the ina rticulate brachiopods, the more so ,
as we do not know very much about the se anima ls and th eir modifications po ssibilit ies. To add,
one illustrati on of Myotreta crassa G ORJ., given by GORJANSKY (1969, PI. 2, Fig. 10) shows
4'
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also a specime n with th e brachial valve looking as slightly recessed. Unfortunatel y, however,
th e photograph is not very distinct and more detailed observa tions are impossible.

In specimens of Ephippelasma spinosum n. sp. coming from Bartoszyce IG-I and Ketrzyn
IG- I bore holes, th e br achial va lves a re very dam aged. Of th e structural elements, the septum
is not in its full development, and reve rsely, is very oft en of ano ma lous appea ra nce. It is seriously
deformed, sma ll, asy mmetrica l in ap pearance a nd changed, in many cases, to such a degree,
th at it is no t, at a ll, co mparable with the normal sta te (Tex t-fig. 19 A) . Som e internal details
as muscle scars, often bot h propareas or th e median plate are no t seen being often very obscured
or, if seen, also very cha nged. Such an a ppearance of septum has not been attributed to a natural
suppression of developm ent. It is poss ible th at th e mention ed septum in the con sidered species
has been altered in its no rmal deve lopment and as preserved in fossil sta te, is not a true "original"
sep tum in its full sta te of deve lopment a nd sta te of preservati on. It is, evidently, a result of
a subsequnetly lat er secret ion of inorgan ic origi n. In ad di tio n, th e shells are white and mat,
this sugges ti ng th e origi na l substa nce rep lace d by a secondary one. T his was observed also by
BELL ( 194 1) in th e Ca mbrian genus Prototre ta with very simi lar to our effects .

To sum up, all the above men tion ed exa mples illu strate th e possible abnormalities which
can be fou nd in inarticulat e brachiopod s. Th eir origin is dispu tab le similar ly as in the case of
articulate brachiopod s or th e other fossil groups . Altho ugh th ese examples are limited and see
mingly unimportan t th ey ca n give some indications of the animals associations, their relation s
and the regim e existing in th e given environmen t - this a ll reflected on the shell.

REMARKS ON EVOLUTION OF ACROTRETIDS

Considering the evo lution and phy logeny of acrot retids in general, on e can state that
th is relative ly well d ifferentiated group evo lved qu ite ra pidly dur ing th e Cambrian-Ordovician
t ime. In th e Lower Ca mb rian th e acrotretid s alrea dy display true acrotretacean features,
i. e. mod erate o r relat ively moderat e conus, ra ther weak ly developed median dorsal ridge
or septum as well as pr opareas. It is seen in th e represent ati ve of th is gro up es Prototreta BELl ,
or L innarsonia WALCOTT, th is latter genus being a conserva tive for m as mentioned by WILLIAMS&
ROWELL (1965).

To simp lify th e evol utionary scheme of acrotrctid s, th e genera l outline of which was
pr op osed by WILLIAMS & ROWELL (1965, H 172), one ca n say th at there are two main develop
mental lineage s. The first one had a re lat ively longer ran ge, fro m Lower Cambrian to eventually
Lower Devon ian , the D evon ian members a re only supp osed, not having been recorded, up
to now. T he model shape of she ll would be, generally speak ing, defined as more transverse or
less in out line, more ventribiconvex or less in profi le, th e ventra l mod erate cone being, however
always preserved, with a vestigial or almost so int erarea and very simp le articulating mechanism.
These fea tures with sma ll mod ificat ion s and in various recombinati ons are repe ated in all
members of thi s stock. The way of development of thi s co nsidered line age can be traced by
chan ges (including obsolesce nce or absolute d isappearance) in a few features such as: median
plat e in the brachial va lve, median septum, apica l process. In genera l, th e subfam ily Acrotretinae
was suggested as an initial group for th e later appeared ac rotretids . Among th e Cambrian
for ms, genus Ceratre ta could be judged as an eventua l progenit or for such genera as Rhysotreta
COOPER or Scaphelasma COOPER , which develop ed by th e loss of th e apical process whil e
accepting a simi lar to Ceratr eta shell sha pe, th e pedicl e valve being low. Considering the genera l
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shell shape, th e same type could be continu ed into th e Silu rian , represent ed by th e genus A r
tiotreta IRELAND . Th e probl em , however, of th e orig in and th e precise affinities within th is
stock are still obscure as a concrete basis for explaining thi s qu estion is sti ll lacking - th e
documentation being still very frag me ntary.

The second lineage comprises a very short ran ged group somewhat conflict ing from ,
am on g others, th e point of view of th e median septum which appea rs to be corr elated with
th e pr on ounced ventra l co ne. Th ey are well develop ed in th e Lower and Middle Ordovician ,
but a re judged to exte nd fro m th e Ca mbria n int o, probabl y, U pper Ordovician , being rather
poorly represent ed both in Ca mbria n and U ppermos t Ordovician. Th e members of the con
side red lineage are gro uped int o a few sepa ra te subfamilies, character ized mostly by a slightly
different ap pea ra nce of median septum in their interior - Torynelasma tinae R OW ELL, Ephippel
asmatinae ROWELL, Myotretin ae n. subfa m. T hey differ rather conside rably, even in the genera l
she ll appearance fro m the mem bers of the ea rlier mentioned Acrotret inae. Th ey are always
devoid of ap ical pr ocess, having an externa l pedicl e tube, ope rculate flat , or almost so, br ach ial
va lve, weakl y developed pr opareas a nd bearing a complex sep tum. This latter st ructura l eleme nt
was suggested as rep resenting a "s uccessful tr end" to suppo rt th e lophophore (W ILLIAMS &
ROWELL, 1965, H 172).

Th e septum is really very spec ific in th e genera l aspect and as a complex structure is li
mited mainly to th e Ordovician genera, exclud ing, up to now, th e Lower Ordovician . D espite
thi s gap, it seems th at th e progenitors of th e ment ion ed seco nd group can be found in th e
Lower Cambrian. Th e Cambr ian genera such as Angu/otreta P ALMER, Prototreta B ELL or
Ceratreta B ELL also d isplay a septum of a ra ther co mp lex appearance, developed in a digitate
form. These genera, however , preser ve th eir ra the r mod erat e cone a nd well develop ed apical
process. It is possible th at the members of th e seco nd sho rtly lived lineage are ra ther close to th e
menti on ed Cambrian forms. Thi s lineage co uld deviat e from , prob ably, Prototreta B ELL by
elaborati on of a complicated septum a nd more conica l va lve and by loss of the ap ical process.
Th e corresponding relati ves in th e Lowe rmost Ordovician as yet unknown , will be with tim e
found .

This second lineage lim ited in time is, no doubt , very spec ialized a nd th e innovations
(intern al and external) it displays co uld not have been proba bly very profitabl e for the animals 
thi s could be one of the reasons for the extinctio n of this gro up. The int eresting is also th e sudden
differentiation of thi s stock with its climax in th e Ordovician .
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Order LINGULIDA W AAGEN, 1885
Family OBOLIDAE KI NG , 1840

Subfamily OBOLINAE KING , 1840

Genu s OBOLUS EICHWALD, 1829

(Type spec ies : Obolus appolinis E ICHWALD, 1829)

Obolus cf. appolinis EICHWALD, 1829

(p I. Ill , Fig . 7)

Material. - One frag ment of pedicle valve (posterior half) and few very sma ll fragments
of brachial valves .

Description. - Th e preserved frag ment of pedicle valve belongs prob abl y to comparati vely
large specimen; it is to about 5 mm lon g, 3·5 mm wide at midl ength , int erarea to about 0·5 mm
in height. Th e valve is very ro undly outlined, ventra l apex pointed , pedicle gro ove narrow,
almos t of the same width posteriorl y and anterio rly, ftexure lines only slightly marked on pro
pa reas, tr aces of mu scle field partly preser ved, but very indist inctly marked.

Discussion. - The above frag ment reminds one of Obolus appolinis, in the shell outl ine,
appea ra nce of ventra l interarea and tr aces of mu scle field . U nfortuna tely, the specimens arc
fr agment a ry and mak e correct identi ficati on imposs ible.

Occurrence. - Tremadoci an cha lcedonites , Wysoczki , Holy Cross Mountain s, Poland ;
known from Es tonia and USSR (environs of Lenin grad ), in Lo wer Ordovician sandsto nes ;
Trem adocian , Pakerort horizon .

Genus SCHMIDTITES SCHUCHERT & L E VENE , 1929

(Type species : Schmidtia celata V OLBORTl I , 1869)

Schmidtites obtusus (M ICKWITZ, 1896)

(PI. I , Figs 1-5; Text-fig. 3)

1969. Obolus (Schmidtites) obtusus MICKWITZ , 1896; V . J . G ORJANSKY , Bespozvonocnye brachiopody ..., p. 27, PI. 2,
Figs . 11-20.

Material. - Th irty separate brachial and ped icle valves, well preserved, very sma ll and
th in-shelled.
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Approximate dimensions (in mm):
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-- -
Width

Bp. XVI Length

I Imaxim. poster. anter .

6a 0.85 0.60 0.35 0.40 brachial valves
6b 0.80 0.53 0.30 0.33
6c 0.86 0.56 0.40 0.46
6d 0.64 0.45 0.27 0.37
6e 0.54 0.38 0.25 0.35
6f 1.05 0.71 0.45 0.55
6g 1.36 0.87 0.60 0.70
6h 0.60 0.36 0.22 0.26 pedicle valves
6i 0.75 0.45 0.30 0.36
6j 0.77 0.47 0.30 0.38
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I
0.97 0.55 0.35

I

0.48
6m 1.01

I
0.60 0.35 0.51

Description. - Small, the largest specimen in the collection not exceeding 1·5 mm, the
smallest attaining to about 0·5 mm in length , moderately biconvex, the greatest convexity
lying in the posterior third of valves just corresponding to the first, well marked concentric
line (PI. I, Figs 4, 5; Text-fig. 3), the convexity closely lowering anteriorly, shell elongate oval,
always the widest about midlength, ventral apex pronounced; brachial valve with apex slightly
truncate, in the smallest specimens being a little only pronounced (Text-fig. 3B), internally
somewhat thickened, the covering horizontal lines weakly undulating.

Ornamentation consists of concentric lines, rather distinctly marked, their density on
the valve surfaces changing slightly with growth process, between two concentric macrolines
4-5 very fine microlines quite regularly arranged, occur.

Internal details are not preserved, in the largest specimens in the collection, to about
1·35 mm long, a very week median ridge and some traces of probable muscle scars on both
sides of the median ridge are discernible.

Discussion. - The collection comprises a range of specimens of different size, the smallest
about 0·35 mm in length, the largest up to 2 mm. The specimens in question represent an early
adult stage. In all the specimens the shell outline and shape are very stable. The concentric
lines well reflect the very small changes in the shell outline, which occur during the growth
process. The shells, in general, remain oval in outline and slightly more biconvex in their po
sterior third.

The above mentioned specimens are of the type of Schmidtites obtusus figured by MICKWITZ
(1896, PI. 2) and by GORJANSKY (1969, PI. 2, Figs 13-20) although they represent a not advanced
adult stage, contrary to specimens figured by both mentioned authors. The species is relatively
numerous in the Tremadocian chalcedonites of Wysoczki. Its presence has been mentioned
by BEDNARCZYK (1964, p. 36) in the upper part of Zbilutka beds, locality Koziel in the Holy
Cross Mountains, but was found there in only one very incomplete mould of the ventral valve.
Due to the very bad state of preservation, this fragment has been identified as Schmidtites
cf. obtusu's (MICKWITZ).

Occurrence. - Tremadocian chalcedonites, Wysoczki and Zbilutka beds, Holy Cross
Mountains, Poland; Estonia (Pakerort horizon); USSR, north-western part of Russian Platform,
Pakerort horizon.
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Subfamily LINGULELLINAE S CHUCH ERT, 1893

Genu s LINGULELLA S ALTER, 1866

(Type species : Lingula davisi i M'Cov, 1851)

Lingulella cf. zeuschneri B EDNARCZYK, 1964

(PI. I1, Figs . 1-2)

1964. Lingulella zeuschneri n. sp. ; W. B EDNARCZ YK, Strat ygrafia i fauna trernad oku, p. 46, PI. 7, Figs. 1-14; PI. 8, Figs. 1-4.

Material. - F ive almos t complete pedicle valves, many fragments of va lves.
Approximate shell d imension s (in mm ):

Width
Height of

Bp. XV I Length

I I
interareaposter. median . ante r.

22b 2.6 0.86 1.54 1.0 0.6

I
22g 2.0 0.75 1.4 1.0 0.4

Description. - The va lves are small for the genus, ova l in outline, length exceeding almost
two times the ma ximum valves width, la teral margin s mo derately arcuate, antero-lateral margins
and angl es rounded, valves gently convex in the poster ior th ird , a little flattening anteriorly ;
ventral apex pronouncedly elongate, acute; pseudointerare a occupying about one -fourth or
slightly more of the whole valve length , with distinctly preserved, sometimes f1exure lines on
propareas, pedicle groo ve comparati vely narro w, almos t of the same width along it s whole
length .

Ornamentation very weakly expressed, con sisting of conce ntric lines, more distinct and
closely spaced in the anterio r thi rd of valve, rather regularly arra nged on the whole shell surface.

Discussion. - T he valves are thi n-shelled and the tr aces of mu scle sca rs or pallial sinuses
are not pre ser ved, the co ncentric lines being on ly pa rtly visible, sometimes very delicately marked .
These etched valves, however , are easi ly distin guishabl e mainl y by their acu te ventral ape x,
and arcuat e lat eral margins (PI. 11 , Fig s 1-2). In the shell outline, appeara nce of pedicle groove
and flexure lines, the considered specimens are very much a like to Lingulella lirata (COOP ER,

1956, PI. 28, F igs 17-23) with the di fference that the for mer are more roundly outlined in th eir
anterior half. They are also very similar to L. spicata (COOPER, 1956, PI. 7 D, Figs 23-24) differing
in bein g mor e ova l in outline, th e greatest width about midlength of th e valve. The discussed
specimens appear to be the closest to Lingu lella zeuschneri, especia lly to specimens figured by
B EDNARCZY K on PI. 7, Figs 1-3 (BEDNARCZYK, 1964). Some differenc es are seen in the more
a rcuate lateral margins and more roudly ou tlined an terio r margin, also in the greatest width
lying about midlength in our specimens. T hese differe nces may not have a specific value and lie
in the limits of indi vidu al va riabi lity, I. zeusclineri B EDNARCZ YK in par ticular is a quite variable
species, the changes concern the shell outline (BEDNARCZYK, 1964, PI. 7, F igs 1-14 ; PI. 8,
Figs 1-4).

Occurrence. - Tremad ocian , the Zbilutka and Koziel beds, localit ies: Wysoczki, Zbilutka
and Koziel, Holy Cross Mountain s, Poland .
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Genus WESTONIA WALCOTT, 1901

(Type species : Lingula aurora HAL L, 1861)

Westonia cf. directa GORJANSKY, 1969

(PI. 11, Figs . 3-4)
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Material. - One, almost complete (the anterior part damaged) pedicle valve , few fragments
of valves .

Description. - The preserved fragments of valves are thick-shelled and belong to adult
individuals, of comparatively large size; the pedicle valve is to about I·5 mm wide at its midlength
and more than 2 mm long; it is oval in outline, convex in profile, the deepest in its posterior
third, ventral apex pronounced and fairly elevated, interarea comparatively high, two propareas
with marked flexure lines , pedicle fissure rather wide, slightly widening anteriorly.

Ornamentation is characteristic of the genus, consisting of thickened, somewhat of la
mellar appearance lines, densely and regularly spaced, which on some fragment s of valves
corresponding, in all probability, to the central part of specimens, are arranged in a somewhat
zigzag pattern, on the lateral margins being arranged in a tile-like pattern.

Although the collection is very small and fragmentary, its generic assignment is not
difficult, mostly due to the characteristic surface ornamentation (PI. H, Figs 3-4). Until a more
complete collection is obtained, the questioned fragments are identified as Westonia cf. directa
GORJANSKY. The specimens of the latter species are larger, hence their outline could be slightly
changed due to the more advanced individual age, also the shell convexity is much more pro
nounced.

Occurrence. - Arenigian, Volkhov horizon, Estonia.

Subfamily GLOSSELLINAE COOPER, 1956

Genus GLYPTOGLOSSELLA COOPER, 1960

(Type specie s: Glyptoglossa cavellosa C OOP ER, 1956)

Glyptoglossella sp.

(PI. 11 , Figs. 5-6)

Material. - One complete pedicle and one brachial valve damaged at the anterior margin.

Description. - Shell gently biconvex in lateral view, the most in its posterior third, elon
gately oval in outline ; pedicle valve about two times as long as wide, about 1·7 mm long,
1·2 mm wide at midlength, 0·56 in the posterior and 0·8 in the anterior third of valve ; apex
moderately pronounced, acute (PI. II , Figs 5-6); brachial valve more roundly outlined and
slightly shorter than the pedicle valve, apex very small.

Ornamentation consists of concentric lines, usually very weakly marked, more distinct
and numerous on the anterior half of the shell, being there of lamellar appearance, the lamellae
fairly regularly spaced anastomosing and probably frilled, the valves possessing spaced on their
anterior part a characteristic surface pattern (this obtained, may be, due to the etching), very
much like that of Lingulella'l sculp tilis described from Lower Ordovician of Nevada by UL
RICH & COOPER (1938, p. 51, PI. 3, Fig. 13). This feature being mentioned by the above authors
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as unu sual and of probably higher taxonomic value than on specific level. Th e surface ornamental
pattern in our species is al so very comparable to that of Glyptoglossa cavellosa COOPER from
Shippensburg formation of Maryland (COOPER, 1956, p. 226, PI. 3, Fig. 20) or even somewhat
resembling that of Dictyonites perforata COOPER from Pratt Ferry fm , Middle Ordovician,
Alabama (COOPER, 1956, PI. 10, Fig. 5), thi s resemblance being, however, quite superficial as
the shell of th e latter species is perforated.

Internally, pedicle groove is of trigonal outline, greatly widening anteriorly ; in the brachial
valve a trace of a median ridge corresponding, in all probability, to the median septum, occurs ;
on both sides of septum are, but very weakly discernible, probable scars of anterior mu scles.
Unfortunately, the va lves are thin-shelled, hence th e deta ils of internal st ructure are not or
very obscurely marked .

Discussion. - This species is rarely found in the erratics and possesses a few only external
features which could be regarded as comparable with those of other members of the genus.
These are, the general shell outline and shape and surface ornamentation preserved on the
anterior half of the shell as al so the pre sence of a median septal ridge in the brachial valve. These
are not really sufficient as taxonomic features , but only on their ba sis could above species be
referred to the genus Glyptoglossella COOPER. Jn the shell outline, the discu ssed species is very
much alike Glyptoglossella ardmillanensis (R EED, 1917), figured by WILLIAMS (1962, PI. 6, Fig. 22),
our specimens being only a little wider and con siderably smaller. In the pre served shell or
nament they remind one very much of the type species of the genus G. cavellosa (COOPER,
1956, PI. 3, Fig. 20), showing also a little similarity in the shell outline, th e shell of our speci
men s being more roundly ovate a nd, in addition , relatively smaller.

Occurrence. - Erratic boulder , No. O. 247, Baltic coast, Poland. Middle or Early Upper
Ordovician.

Genus ECTENOGLOSSA SINCLAIR, 1945

(Type species: Lingula lcsueuri R OUAULT, 1850)

Ectenoglossa exunguis (EICHWALD, 1828)

(PI. II, Figs. 7, 8)

1829. Lingula exunguis E ICIIWALD ; E . E ICHWALD , Zoologia specialis, p. 273, PI. 4, Fig. l.
1969. Ectenoglossa exunguis (EICHWA LD , 1829) ; V. J. G ORJ ANSKY, Bezzam kovye brachiop ody .. ., p. 43, PI. 7, Figs . 1-4.

Material. - On e complete brachial valve, a nd few small fragments.

Description. - The brachial valve is thin-shelled small for the genus, of a length about
2-4 mm maximum width 1·54 mm , width posteriorly approximately 0·68 mm and anteriorly
1·2 mm . This is a young valve, but th e older val ves remain , probably, smaller than Ecteno
glossa exunguis figur ed by GORJANSKY from the Leningrad env irons (1969, PI. 7, Fig. 1); lateral
margin s a re subpara llel, very weakly arcuate, anterior margin stra ight or almost so, anterolateral
angles rounded ; va lve in profile convex, th e mo st on the po sterior third of the valve; shell
surface is covered by concentric lines, regularly arranged , almost parallell to one another, more
distantly spaced on th e anterior third of the valve. Internal details not preserved.

Discussion. - On th e ba sis of the valve outline and general appearance, the described
valve is included in th e genus Ec tenoglossa ROUAULT, and treated as conspecific with the EICH
WALD'S species E. exunguis. The shell outline and shape are exactly the same, only the con-



ORDOVICIAN INARTIC ULATE BRACHI OPOD S 59

centric lines are, ma y be, slightly more di stantly arranged and th e size of our va lve is sma ller.
Our valve is al so very similar in it s general appearance to the type species E. lesueuri (ROUAU LT),
differing somewhat in having lateral margins a little arcuate a nd in being mo re narrow in th e
posterior third (comp. ROWELL, 1965H , p. H268, Fig. 162'5).

Occurrence. - Erratic boulder, N o. O. 247, Baltic coast , Poland ; Middle Ordovician
to Upper Ordovician, Caradocian (Kukruse and ldavere horizons), U SSR, env iro ns of Le
ningrad.

Genus ROWELELLA WRIGHT, 1963

(Type species : Rowelella minuta WRI GHT, 1963)

Species assign ed to the genus: Rowelella niinuta Row ELL, E ngla nd, U pper Ordovician
(Portrane limestone); R. rugosa GORJA NSKY, USSR, Lower Ordovician (Volkhov hori zon),
en viron s of Leningrad ; Rowelella sp . I , Estonia, Lower Ordovician (Volkhov hori zo n) ; R o
welella sp . 2, Poland, Tremadocian chalcedonites of Wysoczk i.

Discussion. - This is a highly characteri st ic genus. The shell is na rrow and very elo nga te,
it s length exceeding two to three times the width, lat eral margins a re par all el o r almost so an d,
to a somewhat varying degree, geniculated, con verging only m oderately on th e poster ior a nd
anterior ends, both valves are slightly convex, the degre e of con vexity much depending, am on g
others, upon the growth stage, the convexit y being more marked on th e posterior th ird of th e
shell ; shell surface is ornamented by co ncentric lines o r ridges, thickened to a va rying degree,
some times of lamellar appearance. Their appearance a nd den sity on th e she ll surface are of
specific value. All these features are, in general , rep eat ed , in th e a ll known species of th e gen us,
onl y th e degree of th e shell elongation and genicul ati on , somewhat th e she ll co nvex ity , ap
pearance of concentric ornamental elem ents are changeabl e within th e genus an d are taxon omi
call y valuable. With regard to th e concentric sur fac e orn ame ntat ion, it is, in e.g. type species
composed of concentric ridges, very distinct and den sely a rra nged on the va lves (WRIGHT,
1963, PI. I , Figs 23, 25), in R owelella rugosa GORJA NSKY, th ey a re of lam ellar appearance, very
pron ounced , only few in number (GORJANSKY, 1969, PI. 8, Figs 4-7). In our species th ey are
fine, probably in adults of lamellar appearance, and cover th e va lves surfa ces in a grea ter number
(PI. lIJ , Figs 1-4).

Age: Ordovician .

Rowelella sp. 1

(PI. ur, Fig. 1)

Material. - Two fragments probably of a brachial va lve.

Description. - T wo pr eser ved fragments of th e va lve a re alm ost co mp lete on th eir a nte rior
th ird , th e posterior part being damaged ; th e va lves a re very elonga te, narrow, slightly co nvex
in profile, with lateral margin s almost parall el and geni cul ated , a nterolate ra l angles and an teri or
margin s rounded ; on the surface occur very regularly arranged and di st inct ly m a rked co nce ntr ic
lines well illu strating th e outline of anteri or margin .

Discussion. - The de scribed fr agments po ssess th e m ost cha racterist ic fea tures of th e
genus Rowelella. Unfortunately, the internal structure is not p reserved (the valves are very
thin), hence it is difficult to decide which of the valves they represent. They differ gr eatl y in the
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appearance of the surface orn ame nta tion from th e U ppe r Ordovician Rowelella minute WRIGHT
and Lower Ordovician R. rugosa GORJANSKY. Mat er ial is too scarce to erec t new species.

Occurrence. - Lower Ord ovician , Volkhov ho rizon , Suhkrumagi, enviro ns of Tallinn ,
Estonia .

Rowelella sp. 2

(PI. Ill , Figs. 2-4)

Material. - Three fragment s of va lves, representing their anterio r third o r half, the
posterior third of va lve dam aged .

Description. - Although th e fragm ents are sma ll, only o ne being slightly la rger (PL Ill ,
Figs 3, 4) th ey pre ser ve th e characteri stic for th e genus sha pe a nd outl ine a nd lat eral margin s
subpa ra llel a nd geniculated, anterolate ra l angles are very rounded , th e co nce ntric lines del icatel y
marked, although eas ily di scernible o n th e va lve surfaces a nd very densely a rra nged , thi s fea tur e
differing the above va lves from both th e Rowelella minuta WRIGHT (1963, PI. I , Figs 19, 23, 25)
a nd R. rugosa GORJANSKY (1969, PI. 8, Figs 4-7). It seems, on th e basis of the described fragments,
that the specime ns could be slightly larger th an the mention ed above Rowelella sp. I from Estonia
(PI. HI , Fig. 1).

Occurrence. - Trem adocian cha lcedonites , Wysoczki , Holy Cross Mounta ins, Poland.

Family LINGULASMATIDAE WI NCH ELL & SCHUC HE RT, 1893

G enus LINGULASMA U LRICH, 1889

(Type spec ies : Lingulasma schuchcrti ULRICH, 1889)

Lingulasma Sp.

(PI. 1lI , F igs. 5-6)

Material. - T hree sma ll fr agmen ts of pedicle a nd brachial va lves.

Description. - Th e pr eser ved fragments are supposed to belong to th e genus Lingulasma
ULRICH on th e ba sis of th e genera l appearance of preserved va lves. On e of them seems to re
pre sent a brachi al and th e seco nd on e th e pedicle valve (PI. HI , Figs 5-6). The det ail s of micro
ornamentation are not preserved.

Occurrence. - Err at ic boulder, N o. O. 542, M ochty, Vis tula va lley, P oland. Prob abl y
Upper Ordovician.

Famil y PATERULIDAE COOPER, 1956

G enus PA'fERULA BARRANDE, 1879

(Type species : Paterula bohemica BARRANDE, 1879)

Paterula cf. perfecta COOPER, 1956

(PI. I , Figs. 6-8; Text-figs. 4, 20)

1956. Paterula perfec ta COO PER n . sp. ; G. A. COOPER, Ch azyan and re la ted bra chiop od s, p . 238, PI. 24 D, F igs. 12-23.

Material. - Five brachial and pedicle valves, preserving their outline.
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Approximat e dimension s (in mm):
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I Width

Bp. XV I Length

I I
Width of limbu s

ma xim. poster. anter.

25c 1.57 .1.47 0.9 1 1.1 0.06
26c 1.6 1.4t'i 1.05 1.1 0.1

I 26d 1.9 1.7 1.1 1.4 O. I

I
26f 1.07 i.os 0.8 0.9 0.07
26g 1.09 1.0 0.9 0.95 0.07

Description. - Specim ens a re sma ll, but atta ining in ad ult stage probabl y mu ch larger
size; both va lves with submarginal umbon es are moderat ely and almos t equ ally biconvex,
th e greates t co nvexity of the pedicl e va lve occurring in its posteri or th ird, apexes small, roundly
outlined; she ll subc ircula r in outline, the wides t at m idlength (a feature co nstant for species) ;
all specimens preserving a flatt ened a nd entire ma rginal limbus, usually very distinctly mark ed ,
comparatively wide, th e widest poster iorl y, enla rging with th e progressing growth, mea suring
from abo ut 0·05 mm to 0·1 mm ; a not ch in the ped icle va lve clearly defin ed , deeply inci sed ,
comparatively wide (Text-fig. 4 ; PI. I, Fi g. 7).

Ornamenta tion co nsis ting of con centr ic lines, well mark ed , densely and very regularly
arranged o n the who le shell surface (PI. I , Figs 6-8). The lines are somew ha t thi ckened , almost
equ ally on th eir length. The int ern al st ructure not preserved .

Discussion. - Th e ava ilable mat erial is cha racte rized by a very thin shell, the valves
being tran sparent. As th e collection is very limited , it is not possible to sta te what featu res are
exactly of specific rank. Paterula sp..from Lower and Middle Ordovician (Estoni a and Ru ssian
Platfor m) is mor e ova l in outline (GORJANSKY, 1969, PI. 8, Fi gs 9-10). Judging from the very
lim ited data on the shell mor ph ology, our spec ies is the clo sest to Paterula perfecta COOPER
especially to some of th e figured specimens which have a very similar general shell outline
(COOPER, 1956, PI. 24 D, F igs 18-19). As shown in a range of th e figured specimens of P.perf ecta
th ey are of qui te variable outline (COOPER, 1956, PI. 18H, F igs 54-56 ; PI. 24 D, Figs 19-23).
Th e Po rtrane lim eston e Paterula cf. perfecta, described a nd figu red by WRIGHT (1963, PI. 2
Fi gs 3-5, 8- 10, 13, 16) is a littl e mor e narrower in compa rison with o ur spec ime ns. In the shell
outline our species is very much like Paterula backlat chniensis (D AVIDSON) figured by WILLIAMS
(1962 , PI. 6, F igs 29, 30) from th e Ordovician of th e Girvan Di strict. U nfo rtunate ly, no other
features, excep t the shell outline, can be ta ken int o con sideration .

Occurrence. - E rra tic bo ulde r, No. O. 535, M ochty, Vistula va lley, Poland , boring
Goldap lG-l (1466'0 m) . Middle -Upper Ord ovician , north-eastern Poland. P. perf ecta COOPER
is kn own from Pratt Ferry F ormation , Alabama, Whitesburg Arline Formation Tennessee,
Bot etourt Forma tio n, Ed inburg F ormati on , Wirgini a ; E ngland, Portrane F ormation.

Paterula sp .

(PI. I, Figs. 9-11)

Material. - Three valves (two brachi al s and one pedicle), on e of them complete.

Description. - Th e va lves descr ibed here as Paterula sp. do not differ much from the spe
cim ens of P. cf.jJel j ecta COOPER from th e errat ic (comp. PI. 1, Figs 8-10) o r Paterula sp. described
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by GORJA NSKY (1969 , PI. 8, Fig. 9) from the M iddl e O rdovician of th e K al in ingrad env iro ns,
US RR . The shell out line in a ll mentioned form s is mu ch the sa me; th e same concerns also th e
appearance of limbus a nd apical pa rts of bo th va lves. T he othe r fea tures which co uld be im
portant from the taxonomical point of view are not avai lab le.

Occurrence. - Midd le O rdov ician , Kuk ruse hor izon , environs of Tallinn, Esto nia .

Family CRAN IOPSIDAE WILLlAMS, 1963

Ge nus CRANIOPS H ALL, ] 859

(Type species : Orbiculoidea 'i squamiformis HALL, 1843)

Remarks. - The fami ly a ssign ment of the gen us has been a moot problem : Craniops
was treated , among others, as a member of Paterulinidae (COOPER, 1956, p . 240 , a nd later
included int o the family Craniopsidae, erected by WILLlAMS (1963). T he origin of this fam ily
rem ain s uncertain a nd it is suggested th at it co uld have deviated from e.g. Lingulops line
(ROWELL, 1965, H 273) . One of the characteris t ic fea tures of th e genus is the ca lca reo us shell,
traces of attachment by cementation and muscle p latform well developed in both va lves, having,
in add it ion, a smooth narrow limbus of almost the sa me widt h .

Age: Middle Ordovician - Lower Carbo niferous .

Cra niops errat ica n . sp .

(P I. IV, Fig s. 1-8 ; Text-figs. 21, 22)

Holotypc : Bp. XV j23 z ; PI. IV, Fig. 5 (ped icle valve) ; paratypc : Bp. XVj231l', PI. IV, Fig . 7 (brachia l va lve).
Typ e horizon :Erra tic boulder, No. O. 178 (Age unk now n, probably Upper Ordovician).
Type locality : Moch ty, e nvirons o f Warszawa .
Derivation of the name: Lat , erraticus - found in erratic bould er.

Diagnosis. - Medium size for the genus, ro und ly out lined , na rrowed anteriorly and much
wide r posterior ly, apex slightly damaged, probably due to the cementati on of va lve.

Material. - Twenty valve s, well preserved, a ll speci mens silicified .

Description. - Shell biconvex , but th e co nvexi ty qu ite limited , oval in outl ine with gently
rounded margin s, the lateral ones slightly arcua te or a lmost st ra ight, she ll mu ch wide ned
posteriorly, and greatl y narrowed in the anterior di rect ion ; apex well prono unced, subce ntra l,
sometimes with traces of cementation. T he orname nta tion co nsis ts of lam ellar rid ges, usually
regularly arranged , as a ru le six to eight r idges vis ible, m ore crowded aro und th e ap ica l part
of val ves.

The individual var iab ility is lim ited and co ncerns th e rela t ion of th e she ll width to
the shell depth and the she ll width posteriorly to the shell width an te riorly. In genera l, ho 
wever, th e average she ll width is to about 1.67 mm a nd she ll depth 0. 39 mm, and wide r shells
are less deep , in slight ly more narrower va lves the ir depth can enla rge and only in the posterior
third of va lves. Avera ge shell length is about 2.06 mm and she ll width 1.79 mm. In general,
with th e growing shell length its width slight ly also enlarges. In ternally, th e mu scul a r area is
defined by a platform , varyin g in the degree of its elevat ion above th e va lve floor and somewhat
in its size, occupy ing a limited area , usua lly to about the midlengt h of th e valve; thi s plat form
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is alwa ys the widest about its midlength: in the brachial valve the po sterior adductors are
separated by a medi an long ridge like elevation (PI. lV, Fig. 7 ; Text-fig. 22), on the pedicle valve
the adductors are much less marked on the platform which is, usuall y somewha t of f1abellate
appearance (Text-fig. 21).
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Fig. 21

Craniops erratica n. sp. (erratic boulder No . O. 178). A-C exterior, side and interior views of th ree different pedicle valves
in adult stage , C2 muscle pla tform.

Remarks. - All valves in the collection are almost of the same appearance, i. e. the apexes
are much alike, usually looking as flattened surfaces of uneven and limited size, sometimes
moderately concave, giving the impression of traces of cementation during the life of the animal.
The position of apexes is con stant, always lying in the posterior third of valves. Only the size
and shape of the platform defining the mu scles is slightly variable and on thi s ba sis one can
ascribe them to the particular valve, brachial or pedicle. All of the above valves can be regarded
as fully mature. The valves are th ick-shell ed and the pre served internal details ar e well
developed.
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Fig . 22

Craniops erratica n. sp. (erra tic bould er , No. O. 178). 1, 2 - interi or of two adult brachi al valves show ing muscle platform ,
a side, b, c interior views of adu lt valve ; a. a. anterior adducto rs, p . a. posterior adductors, m. r. median ridge,

Discussion. - The above spec ies is very clo se to Paracraniops pararia WILLI AMS (1962)
described from the Ca radoc ian of G irvan district, differing not very much in a more widely
out lined shell and, ab ove all, in having some tr aces of evident cementation. Th e ab senc e of thi s
latter featu re cha racterizes the genus Para craniops.

Occurrence. - Probabl y Upper Ordovician , erra tic boulder N o. O. 178, Mochty,
Vistula valley. Polan d.

Order ACROTRETIDA K UHN, 1949

Superfamil y ACROTRETACEA SCHUCH ERT, 1893

Dia gnosis (slightl y emend.). - Unequiva lved, pedicl e valve to a va rying degree conical ,
interarea developed , pedicle foram en ap ical or suba pica l, dorsal propareas of changeable
appeara nce, median septum or ridge present ; pr ot agul ar parts of shell distin ctly pitted .

Age : Lower Ca mbri an-Devonia n.
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Family ACROTRETIDAE SCHUCHERT, 1893

65

Diagnosis (slightly emend.). - Unequivalved, small , interthrough to a varying degree
developed, dorsal septum simple to complex , "hinge" apparatus simple, protegular parts of shell
bearing surface pits.

Discussion. - The Acrotretidae con stitute a large family , occurring from Cambrian to
probably Lower Devonian. They are widely and quite rapidly spread in the Cambrian-Or
dovician times. Their occurrence in Silurian being very reduced and only very few form s are ,
up to now, described. Thi s family is relatively very differentiated, including a great number of
various forms, displaying an exceptionally great, for inarticulates, number of features of ex
ternal and internal morphology and the possibilities of deviations are fairly large. Members
of the family are well recognizable, some of them being highly characteristic due to their multi
-modifications in the shell interior and exterior. The family comprises 7 subfamilies, including
one newly proposed, Myotretinae.

Age: Cambrian - ?Lower De vonian.

Subfamily ACROTRETINAE SCHUCHERT, 1893

Diagnosis (emended). - Ventral conus low to medium in size, varying in width, internally
with apical large proce ss or spondylium, dorsal septum simple ; protegular pit s round, quite
deep , the small ones varying in outline and somewh at in number.

Discussion. - It is the largest, up to now, subfamily comprising many genera, which
appear to be closely related, showing some variability in the shell shape and outline and in some
details of the internal morphology, e.g. appearance of the apical process characteristic of the
subfamily, pattern of pallial sinuses, in the appearance of a median septum or septal ridge
and in morphology of the posterior margin. The Cambrian Acrotretinae are believed to be
ancestral to most of the Ordovician acrotretids.

Age: Cambrian-Ordovician.

Genus DITRETA n. gen.

Type species : Ditreta dividua n. sp,
Derivation of the name : di-treta - Acrotreta with umbonal part separa ted internally by a thick ened platform .

Diagnosis. - Moderately conical acrotretoid of large size, ventral umbonal part infilled
with lamellae forming anteriorly a thickened horizontal platform pierced by a pedicle foramen;
dorsal septum weekly marked like a sharp and very low ridge, cardinal muscles elongate oval ,
distant, median plate and propareas much like those in Eurytreta ROWELL.

Discussion. - All the mentioned features con sidered together may be important in
distinguishing this form within the known acrotretids. The particular features of the external
morphology are distinctly acrotretid in character. The moderate but widely conical pedicle
valve reminds one, to some extent, of Ephippelasma COOPER or Conotreta gigantea COOPER
(1956, PI. 16, Figs 19, 22), but the apex is much more blunt and the whole valve larger, and
judging from the preserved fragments can attain more than 6 mm in length. The operculate
brachial valve with its internal structure is very much alike Eurytreta ROWELL (1966) the dorsal
5 - Palaeontologla Polonica NO. 28
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medi an plate bein g, larger and the cardinal mu scle sca rs more di stant and elongate oval. The
most characterist ic fea ture of th e new genus is th e thickened ventra l platform, somewha t peculiar
in a ppearance in th e very adva nced ad ult stage (PI. V, Fig. 4). It is fairly certain , that thi s platform
is re lated to the "cone-in-cone" st ru cture of she ll laminae in the apical part of Prototreta tra
peza mention ed by BELL ( 194 1, p. 224, Figs 1-20), pr eserving the pedicle tube opening to the
va lve int eri or. Th e fun ctional interpretation of thi s platform is difficult, a reasonable explana tion
could be its use in weightening of th e va lve.

Unfo rt una te ly, no detail ed study of th e other int ernal features could be undertaken due
to th e fragmentary collecti on . Also th e presenc e of pitted protegulum in thi s form could not
be sta ted, not being preserved du e to th e act ion of hydrofluoric ac id in etching the chalcedonites
fro m which th e specime ns co me.

Age : Lower Ordovician.

Ditreta dividua n. sp.

(PI. V, Figs. 1-8)

Holotype: Bp. XV/37 h; PI. V, Fig. 2 (pedicle valve); par aty pe : Bp. XV/37g: PI. V, Fig. 1 (brachi al valves).
Type locality : Wysoczki , Holy Cross Mountain s.
Type horizon: Tremadocian (chalcedonites).
Derivation of the name: Lat . dividuum - divided; pedicle valve intern ally divided into two part s.

Diagnosis. - Respecti vely large, pedicle va lve widely conical, incurved in profile with
interi or infilling, internal ped icle foramen present, brach ial valve flat , dorsal septum short,
prop areas developed.

Material. - Seven not very complete pedicle valves, three brachial ones, many fragments
of she ll.

Approxi mate dimension s (in mm):

Width

Sp. XVI Length

Iposteriorl y anteriorly

37a 0. 8 0.2 I 1.6
37h 6.0 holotype, pedicle valve

I
Description . - Large pedicl e va lve developed in a wid e conus, po sterior margin st ra ight,

antero-late ra l margin s roundly outlined, valve in profile arched especially in the posterior th ird ,
external ped icle tube very sho rt, in old sta ge lacking, int erarea, in general , quite dist inctl y
mark ed. Brachial va lve ro und ly outlined correspondingly to th e outline of the postero-lateral
and anterior mar gins, a lmost flat to slightly convex in profile, width a little exceeding th e
length.

Ornamentat ion consist s of concentric thickened lines , usually badl y marked , and .di s
cerni ble as slightly more dark (being more thick) concentric bands regularly spaced on the she ll
surface.

Interior. Pedicle va lve. Of the internal details only a peculiar horizontal thickened platform
is obser ved and preser ved. It is confined to the posterior (umbonal part) fourth of the valve
interior con st ituting th e latest phase of the projecting of the shell lamellae into the interior of
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the valve. These projecting internal lamellae are just observed in the most apical part of the
valve, extending to the internal pedicle tube (in some way encircling it), lying horizontally one
beneath the other, forming in each subsequent growth stage a horizontal platform preserving
an internal pedicle foramen. As to the internal pedicle foramen it is, in old specimens, encircled
by concentric thickened bands, in a such a way the size of the pedicle foramen diminuishes with
the age and, probably may dissapear - this depending much upon the secretion activity of
the mantle of animal. Jn addition, the valve on its ventral side is slightly more thickened just
in the place which corresponds to the apical process of Conotreta WALCOTT, Eurytreta ROWELL
and Linarsonella WALCOTT.

Brachial valve is very much like other members of acrotretids, and reminds one of Co
notreta WALCOTT and Eurytreta ROWELL. The propareas are quite distinct, moderately elevated
anteriorly, with comparatively large and greatly depressed median plate (PI. V, Fig . I). The
distance between the anterior end of a median plate and posterior end of the septal ridge is
occupied by a slight thickening (PI. V, Fig. I); median ridge is short, thin and sharply ended
on its upper edge ; cardinal muscle scars elongate ovate, rather distinct and diverging an
teriorly.

Discussion. - The species, although based on an incomplete material, from the point
of view of state of preservation and number of specimens, is judged to be a quite distinct taxon.
It can serve as an example of one more, and new modification in the ventral interior displayed
by the inarticulate brachiopods. Externally, it is very much like the other conical acrotretoids
no doubt being related with them, and probably with the Cambrian Prototreta. The dorsal
interior of the discussed species is very comparable to that of Conotreta WALCOTT.

Occurrence. - Tremadocian chalcedonites, Wysoczki, Holy Cross Mountains, Poland.

Genus CONOTRETA WALCOTT, 1889

(Type species : Conotreta rust; WALCOIT, 1890)

Discussion. - It is quite possible that Conotreta WALCOTT is a younger synonym of Acro
treta KUTORGA, 1848, with the type species Act otreta subconica KUTORGA, 1848, described from
USSR. Unfortunately, locality and horizon of the type specimen are unknown. It probably
comes from the limestone with Echinosphaerites (C1iX), Popowka river (WALCOTT, 1912, GOR
JANSKY, 1969, p. 63). Conotreta and Acrotreta are much similar in morphology and in all pro
bability, in the internal structure. It is impossible, without studying of topotype material of
Acrotreta subconica and Conotreta rusti, to resolve this problem. As the original material
of A. subconica KUTORGA is lacking (the specimens have been lost) and at present, one can not
get the material for restudy it seems more reasonable to treat temporarily the genus Conotreta
as a valuable taxon, as did ROWELL (1965, H 276) and GORJANSKY (1969, PI. 63).

Age: Ordovician .

Conotreta cf. mica GORJANSKY, 1969

(PI. X, Fig . 12)

Material. ---= Many fragments of apical parts of the pedicle valves and brachial valves.

Description. - The pedicle valves have a prominent tube-like and straight or almost
so apical part which very much reminds one of Conotreta mica described and figured by GOR-
:;*
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JANSKY (1969, PI. 11, Fig. 2). T he brachia l valves possess a long medi an septum sta rting at the
median plate and well marked close ly placed cardina l muscle scars. The apica l parts of both
va lves are distinctly pitted , the larger pit s being much more numerous than the minute one s.

Occurrence. - Late Lower-Middle Ordovician: Bartoszyce IG-I (1873'1 m), Goldap
IG-l (1466'0 m), Ketrzyn IG- I (1602'0 m), all in north- eastern Poland ; Lo wer Ordovician
-Llanvirn ian, Kunda hori zon , environs of Pskov, U SSR and Eston ia .

G enus PARATRETA n. gen.

Type species: Paratre ta similis n. sp .
Derivation of the name: Lat . par, paris - similar ; very similar to some acrot retids like Conotreta W ALCOTl',

Eury treta R OW ELL.

Diagnosis. - Relat ively large fo r famil y, pedicle valve subconica l, pseudointerarea
catacline or somewhat procline, apex slightly tu bula r, apical part distinctly pitted, marked
bulbo us thickening on the ventral slope well pr on oun ced ; pedicle tube opening to the valve
interior, ap ical proce ss lamellose, forming an terior wall of cav ity, vari es in outline from broadly
ro unded to almost lens-like, pa llial sin uses bac ulate, dor sal septum prominent, trigonal,
tarting from the po sterior third of the valve ; cardinal mu scle scars rounded , ver y divergent
santeriorly .

Discussion. - Th e proposed genus resembles Conotreta WALCOTT, 1889 inlthe general
aspect of the pedicle valve differing main ly in the appearance of the ventral apica part , in the
shape an d out line of the apical process whic h are cha ngeable, and in having distinctly baculate
pallial sinuses. It is not, at present, clear whether the pattern of palli al mark ings is of un stable
pattern in Conotreta or changeable, to such a degree, as is showed by BEDNARCZYK (1959, 1964)
and is supposed by GORJANSKY (1969, p. 63) or whether th eir pinnate pattern is characteristic
of the genus (RowELL, 1965, H 276, 1966). The proposed genus reminds one very much of
Hardrotreta (ROWELL, 1966) in the outline of th e pedicle va lve and much in the appearance
of the apica l cavity and process, differin g in the detail s of dorsal interior; it is similar to Eury
treta ROWELL ( 1966) in the bacul ate pallial sinuses, and somewhat in the outline of dorsal
mu scle sca rs .

Age : Lower to Middle Ordovician.

Paratreta similis n. sp.

(pIs. VI; VII , Figs. 1-3 ; PI. VIII , Figs. 1-6 ; Text-figs. 23,24)

Holotype: Bp. XVj16x; PI. VIII, Fig. 2 (pedicle valve); parat ype : Bp. XVj16v, PI. VIIl , Fig. 1 (brachial valve).
Type locality: Bart oszycc, nu rth-eas tern Polan d.
Type horizon: Midd le Ordovician (Llande ilo), Bartoszyce IG -I (1873'1 m), marly limestone.
Derivation of the name: Lat . similis - similar in the exterior to the other widely conical acrotretids .

Diagnosis. - Large, pedicle valve widely subconica l, apica l part arched in profile, pseudo
interarea of wavy appearance interth rough slightly marked ; brachial valve moderately con vex,
wider than long.

Material. - Te n pedicles, 20 preserved brachial va lves, many fragm ent s.
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Approximate dimen sions (in mm):

Bp. XVI Length Width

16x
16t
16v

1.6
1.8
1.6

1.48 (holotypc, pedic le valve)
1.5
2.0 (paratype, brach ial valve)
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Fig. 23

Parat reta similis n. sp. (Ket rzyn IG-l , 1595'5 m). 1 - ped icle valve in a intcra rea and b slightly side views; 2 - adult
pedicle valve in a side, b ap ical pedicle foramen views, c interior view to show different outlines of apical pro cess : 3
side and interarea views of adult valve, a l-lII growth stages marked ; p . f pedicle foramen, a. p. apical process,

e. p. t. external pedicle tub e.
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Description. - Shell roundly to somewhat transversely outlined, comparatively large
in adult stage, attaining to about 2·5 mm in length. Pedicle valve widely conical with a pro
nounced curvature of the ventral slope (Text-fig. 23, 2a), ventral umbo prominent, tube-like,
slightly curved; external pedicle foramen small, round, apical ; pseudodeltidium catacline to
almost procline, not very well delimited from the lateral slopes of valve, distinguished by a slight
flattening ; intertrough practically invisible. Brachial valve roundly outlined, very moderately
arched in lateral view flat or almost so in younger growth stage, dorsal umbo slightly pronounced.
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F ig. 24

Paratreta cf. similis 11. sp. (erra tic bould er , No . O. 461). 1, 2 - two pedicle valves in different position s, l a - growth
stages I-Ill showed , I b - appearance of external ped icle tube (e. p . I .).

Ornamentation consists of concentric wide a nd elevated macrolines, looking as ridges
with rounded backs, of somewhat differentiated thickness, den sely and rather regularly spaced
all over the va lve surfaces, the new ones appearing by splitting or more rarely by intercalation
(PI. VI, Fig. 2).

Internally, pedicle tube opening to the va lve interior the foramen being relatively large,
bordered at its ventral edge by a lamellose process of va rying size outline and shape, being
len s-like to almost quadrangular or elongately triangular, posteriorly terminating abruptly
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at apical cavity and gradually lowering anteriorly. Its growth changes are much related
with the position and appearance of the tubular external apex. It is stra ight with a more central
position in the younger stage, comprising valve length to about 1.2 mm , and the apical process
being developed at apical cavity as a distinct bounding ridge-like in Hardrotreta prima eva
ROWELL (1966, PI. I, Fig . 5) of slightl y varying sharpness and thickness (Text-fig. 23, 2c; PI. VIII,
Figs 5, 6). With ad vanced growth the external pedicle tube is displaced more dorsally and steeply
incurved forming a rather con spicuous external bulbous hump (PI. VIII , Fig. 3b), internally,
the ridge-like apic al process developes into a thickening, extending anteriorly, un stable in outline
marging steeply with floor of the valve.

Dorsal interior po ssesses a well developed pseudointerarea, moderately concave, propareas
anteriorly elevated, med ian plate slightly extending forward ; medi an septum highl y po inted
anteriorly of trigonal outl ine in profile, extending to the anterior third of the va lve, its upper
edge distinctly concave in side view like Undiferina rugosa COOPER (1956, PI. 18, Fig. 14), the
high est point of septum lying in the anterior half of the valve, often thickened, its height and
length somewhat changing, the po sterior end of septum placed on the posterior third of the
valve but never reaching the small median thickening lying just anterior to th e median "hinge"
plate (PI. VIII, Fig. 1), ca rdina l mu scle scars large, well pronounced , roundly outlined, distant
each from the other and divergent anter iorly (PI. VII , Fig. 1; PI. VJII , F ig. I).

Discussion. - The species, although in man y cases fragmentary is quite distinguishable
by its incurved dorsally pedicle tube and transverse shell. It rem ind s much one, especially in
the external appearance and some features of the dorsal interior, that of Conotreta mica GOR
JANSKY (1969, PI. 11 , Figs 1-3) differing in the shape of the apical process, appeara nce of the
medi an "hinge" plate, med ian septum and cardinal mu scles (PI. VI, VIII, Fig. 1). It also is
close to Hardrotreta primaeva (WALCOTT), and Eurytreta curvata (WALCOTT) figured by Ro
WELL (1966, PI. I , Figs 1-12; PI. 2, Fig s 8-18) in the general appearances of the exterio r and some
features of the internal structure. To thi s species are tentat ively included two pedicle valves
of Paratreta cf. similis n. sp. from erratic boulder N o. O. 461. They are lower in compari son
with Paratreta similis n. sp ., but have similarly developed bulbous thickening well discer
nible in profil e (Text-fig. 24).

Occurrence. - Late Lo wer-Middle Ordovician , Bartoszyce IG-I (1873.1-1879.1 m),
Goldap IG-I (1466'0 m) , Ketrzyn IG-I (1595 .5-1602.5 m) , Jezioro Okragle IG-I (940.2
941·0 m) , north-eastern Poland, erra tic boulder , No. O. 461, Jaroslawiec, Baltic coast.

Age unknown.
Paratreta sp .

(PI. VII. Figs. 4-5)

Material. - Few pedicle valves, partly damaged.

Discussion. - The few, thin-shelled specimens of pedicle valves (one almost complete),
remind very mu ch one of Paratr eta similis n. sp . The valves in question a re more coni cal , being
quite wide anteriorly, the external pedicle tube is slightly longer , but po ssesses a hump-like
curvature on the ventra l slope of the valve, ju st beneath the external pedicle tubs (PI. VII,
Fig. 5), this feature being , among others, characteristic of the genu s. Internally , on the ventral
side , beneath the internal pedicle tube a trace of apica l process like a thickening occurs. It is
similarly outlined as in Paratreta similis. The intera rea is quite well defined and the valve surface
is covered by very distinct concentric lines, regularly spaced.

Occurrence. - Tremadocian chalcedonites, Wysoczki, Holy Cross Mountains, Poland.
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Genus EURYTRETA ROWELL, 1966

(Type species : Acrotreta curvata WALCOTT, 1902)

Discussion. - Generic features of Eurytreta are sufficiently important to distinguish it
from the all known acrotretids. Eurytreta is large similarly as Conotreta WALCOTT, the
Cambrian Canthylotreta RowELL, or Hardrotreta ROWELI , resembling them also, in the shell
shape an d outline, as also in the appearance of the ventra l interarea . The main differences lie,
among oth ers, in the ventral beak not thickened intern ally (characteristic of Conotreta) which
is more sha rplyand less pointed, in the apical process moderately elevated and widening anteriorly
and in th e bacul ate pattern of pall ial sinuses, in th e low ridge-like median dorsal septum and
the dor sal cardinal muscle sca rs being relatively distantly spaced and sometimes very deep,
not very divergent anteriorly (comp. PI. X, Fig. 13). Protegulum pitted, the pattern of pits
being very much like that in Conotreta.

Species assigned : Acrotreta curvata W ALCOTT, Lower Ordovician , Nevada, USA ; Eury
treta intermedia n. sp., Middle Ordovician. inorth-eastem Poland; Eurytreta minor n. sp. , Lower
Ordovician , Holy Cross Mountains, Pol and.

Age: Lower-Middle Ordovician.

Eurytreta intermedia n. sp .

(PI. IX, Figs. 7-11; PI. X, Fig. 13; Text-fig . 25)

Holotype: Bp. XV/41t, PI. IX, Fig. 9 (pedicle valve); paratype: Bp. XV/4 10, PI. IX, Fig. 8 (brachia l valve).
Type locality : Bartoszyce, north-eastern Poland .
Type horizon: Bartoszyce 10 -1 (1873.1 m), marly limestone, Llanvirn ian-L1andeilo.
Derivation 0/ the name: Lat. intermedia - intermediate in its morpho logy and structure between E. curvata and

E. minor.

Material. - Ten ped icle valves and 3 bra chial one s, many fragm ent s.
Approximate dimensions (in mm) :

Width
Ventral side Dorsal side

Bp. XVI length length

Ianterior ly posteriorly

1I t I 1.8 I ?0.6 I 1.85 I 0.4

Description. - Pedicle valve of slightly vary ing length , very widened anteriorly; apical
part sharply outlined, pedicle foramen apic al , round and small; pseudointerarea moderately
concave, apsacline to catacline. Brachi al valve weakly con vex, apex slightly pronounced.

Ornamentation consists of concentric macrolines, somewha t like concentric bands,
rather of equa l size, bifu rcation or intercalation of new ones sometimes occurs. Internally 
ventral beak is not thickened , internal pedicle for amen only slightly smaller than the external
one, apic al process mark ed, beginning at th e ant erior edge of the int ern al foramen (Text-fig. 25,
1c), extending and slightly widening anter iorly (Text-fig. 25), traces of cardinal muscle scars
on the dor sal slope of the valve roundly marked, relati vely obscured. In the brachial valve
pseudointerarea well developed, a littl e concave in profile , in general almost procline, both
propareas slightly elevated on their anterior end, median plate distinctly concave, somewhat
extending anteriorly, cardinal mu scle scars relat ively large , usually rounded or elliptical a little



ORDOVICIAN INARTICULATE BRACHIOPODS 73

diverging anteriorly, anterior mu scle scars indistinctly marked ; median septum ridge like , low
but thickened never reaching the anterior margin and the anterior end of the median hinge
plate (pI. IX, Fig. 8).

la
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Fig . 25

Eurytreta intermedia n. sp. (Bartos zyce IG-I , 1873·1 m). J - pedicle valve, a interarea, b side, c interior views; 2, 3
apical views of adult specimen; i. p. t. internal pedicle tube , a. p , apical proce ss, in. inte rarea.

Discussion. - The species is externally very close to the Lower Ordovician Eurytreta
curvata (WALCOTT), figured and described in detail by ROWELL (1966, p. 11 , PI. 2, Figs 8-18).
The shall outline, appearance of the ventral beak and ventral interarea are much the same. Our
specimens seem to be wider, dorsal beak slightly more marked, and the ventral interarea less
apsacline.

Occurrence. - ?Late Lower-Middle Ordovician, Bartoszyce IG-I (1871.1 m), Ketrzyn
IG-I, Goldap IG-I (1466.5 m), north-eastern Poland.
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Eurytreta minor n. sp .

(PI. IX, F igs. 1-6 ; Tex t-fig. 26)

1964. Acrotreta (er. inchoans, BARRANDE, 1868) sp. ; W. BEDNARCZYK, Str at ygrafia i fauna , p. 50, PI. 9, Fig . I ; (PI. 12,
Figs. 12-14).

Holotype: Bp. X V/16n : PI. IX, Fig . 6 (pedicl e va lve), pa ra type : 16g , PI. IX , F ig. I (brachia l valve).
Type locality : Wysoc zki , Holy Cross Mountains, Poland.
Type horizon: Trem adocian (cha lcedo nites).
Derivation of the name: Lat. minor - sma ller in comparison to the other memb ers o f the gen us.

Diagnosis. - Lik e Eurytre ta interniedia n. sp., but smaller , ventra l interarea more catac1ine,
apic al part wide r po steriorly, dorsal cardinal mu scles a little mo re elliptical.

Material. - Ten brachial and pedicle valves, mo stly broken.
Approximate dimension s (in mm ):

Width
Length

Bp. X VI ven tra l side

Iposter . a nter.
-

16n 0.6 0.3 0.87 holotype,
pedicle va lve

.- - - --- - - - -

I
leng th widt h

16. 0. 8 1.0 brachi al valve

Description. - Small for th e genus, pedicle valve widely coni cal , relati vely low, interarea
trigonal, a little only concave, intertrough ab sent or ob scu red ; pedicle foramen sma ll, round,
pedicle tube very short, ventral beak not thickened internally. Brachial valve slightly convex
in profile , medi an septum low, ridge like , thickened a long the valve floor, its po sterior end lying
some distance from the median plate ; extending anterior ly and never attaining the anterior
margin of the va lve (PI. IX , Figs I, 2), interarea co rrespondingly small, propareas almost only
marked; cardinal mu scle scars weekly defined, elliptical in outline and slightly divergent an
teriorly (Text-fig. 26).

Ornamentation con sists of delicate concentric line s fairl y regularly spaced all over the
shell surface. In some cases they are very distinct , developed as greatly thickened lines or ridges.

Discussion . - Th e collection is poor mainly from th e aspect of state of preservation
and not very suitable du e to the early adult stage of specimens. Th e valves are very tr an slucent,
thin-shelled, and no det ails of internal structure are marked . The apica l cavity from the interior
shows no tr aces of the apica l process- thi s element is developed comparati vely late in ontogeny,
and is an ad ult feature - hence it is ab sent in the specimens in question . All valves in the
co llection are slightly differentiated in size but preserve almost the same shape and outline, the
pedicle valve a lways remaining widely and relati vely lowly conical , the brachial valve possessing
the similar ra tio of th e length to the width.

The species in qu estion is here con sidered as a member of the genus Eurytreta ROWELL.

This is based , amo ng others, on the genera l shell sha pe and outline not thi ckened ventral beak
from the interior, and the general appearance of the brachi al valve exteriorly and interiorly,
and the degree of the median septal ridge development. The considered species is very easily
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Fig. 26

Eurytreta minor n.sp, (Tremad ocian chalcedon ites, Wysoczki). A-E intera rea view of five pedicle valves or different size,
F apical view of adult specimen.

distinguishable from the other acrotretids which occur in the Tremadocian chalcedonites. The
shortly described and figured by BEDNARCZYK A crotreta cf. inchoans BARRANDE (1964, PI. 12,
Figs 12-14) from the Tremadocian of Pu laczow and Wysoczki in the Hol y Cross Mountain s is
judged to be conspecific with the above described Eurytreta minor n. sp.

Occurrence. - Tremadocian chalcedonites, Wysoczki, H oly Cross Mountains, Poland.

Genus SEMlTRETA n . gen.

Type species: Semitreta maior n. sp,
Derivation of the name Lat. semi - a half; very close to the members of Conotreta WALCOTT.

Diagnosis. - Highly conical acrotretoid with a short external pedic le tube, elongate and
widening anteriorly ap ical process, dorsal septum like a very low but broad septal middle ele
vation, and reniform, distantly divergent cardinal mu scle sca rs.

Discussion. - Externally, the genus resembles very much the conical acrotretoids like
Torynelasma COOPER ( 1956, PI. 18, Figs 31, 33-34), M yotreta GORJANSKY (1969, PI. 11 , Figs
15-16), some members of Spondylotreta (S. f aceta GORJA NSKY, 1969, PI. 10, Fig. 7 ; pre sent
paper: PI. XI , Fig . I), or Conotreta'l a/tirostra COOPER ( 1956, PI. I8-G) in its highly conical
pedicle valve , but differ s in being larger, pedicle valve much widening anteriorly and in the la
mellose apical process, which, in its outline, reminds one very much of Eurytreta ROWELL
(1966, p. 11). The Tremadocian form is, if a ll its characters are considered together, a quite
distinctive taxon.

I

Age: Lo wer Ord ovician .
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Semitreta maior n. sp.

(PI. X, Figs. 1-11; Text-fig. 27)

Holotype : Z. Pal. Bp/XV/I I 11, PI. X, Fig. 10 (pedicle valve) ; paratype : Bp. XV/I I z, PI. X, Fig. 11 (brachial valve)
Type locality: Wysoczki , eastern region of Kielce , Holy Cro ss Mountains, Poland.
Type horizon: Tremadocian (chalcedonites).
Derivation of the name: Lat. maior - larger in size in comp ari son to the other acrotretaceans occurring in the

Tremadocian chalcedonites.

Diagnosis. - Relatively large, pedicle valve highly conical greatly widened anteriorly,
only slightly incurved in profile ; brachial valve with small propareas and median plate, cardinal
muscle scars divergent anteriorly, median septum small.

Material. - Thirty pedicle and IO brachial valves in different size, the pedicle ones almost
complete, the brachial valves, usua lly very damaged ; the specimens are thin-shelled, transparent,
internal characters badly preserved.

Approximate dimensions (in mm):

Width Length

Bp. XVI Length

I Iposter . anter. median dorsal septum

11k 0.22 0.1 0.2 - -
llm 0.5 0.12 0.3 - -
llu 1.3 0.15 1.1 (holotype, pe-

dicle valve) 1
llz 0.9 - - 1.1 0.45 (paratype, brachial

valve)

Description. - Large, pedicle valve developed as a wide conus, posterior end straight or
almost so, antero-Iateral margins widely rounded, valve slightly arcuate in profile (Text-fig. 27),
external pedicle tube thin and short, much like that in Torynelasma rossicum, interarea not
very distinct. Brachial valve roundly outlined, operculate, almost flat to weakly convex in profile,
widt h slightly exceeding the length or equal to it.

Ornamentation consists of concentric thickened lines, in general weak ly preserved, quite
regularly spaced on the shell surface (PI. X, Fig. 7).

Interior. Pedicle valve. Of the internal details only apical process is partly preserved. It
is confined to the posterior third of the ventral side of the valve, more extending and widening
or less anteriorly. It occurs in larger specimens being an adult feature. A range of smaller spe
cimens of slight ly differing size do not show it - thi s however, may be a question also of the
state of preservation after the used etching in the hydrofluoric acid . Brachial valve is like , in
general, other members of acrotretoids mainly in the appearance of the posterior region of the
valve; the propareas distinct, slightly elevated anteriorly like in Eurytreta ROWELL (1966, p. 11)
but with a median plate much less depressed, from the anterior edge of which a small and,
only slight ly marked, platform occurs corresponding to that in Conotreta WALCOTT (COOPER,
1956, PI. 17, Fig . 59) ; median septal elevation poorly developed in height, but greatly broaded,
its posterior end lying some distance from the above mentioned platform (PI. X, Fig. 11),
extending anteriorly but never reaching the anterior margin of the valve ; cardinal muscle scars
distant, slight ly divergent anteriorly, reniform in outline.
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Individual va riability is lim ited . Some small chan ges occur in the outline of the valve
and intern ally in th e width of th e septa l elevat ion.

Growth cha nges are also very sma ll. A range of va lves both pedicle and brachial ones
shows a great regular ity in the enlargeme nt of the she ll, th e sa me shape and outline being pre
served (PI. X , Figs 1-10; Text-fig. 27).

. . ... ". :: .

c

0.5 mm

E

B

D

A

Fig. 27

Semitreta maior n. sp, (Tremadocian chalcedonites, Wysoczki). A-E range of five pedicle valves of different size, F external
ped icle foramen view, bulbous thickenin g (b. th.) present.

Discussion. - T he Tremadocian cha lcedonite form is con sidered to be a sufficient ly dis
tinct species. T he main differenc es lie in th e brachial valve, e. g. lower but much wider me
dian septum, smaller medi an dorsal plate, and these charact er together with th e conical
pedicle va lve differ it from th e other acrothretoids. Unfortunately, the interior of the
pedicle valve, except for th e apica l process can not be suffi ciently known , for some im
portant charact ers such as palli al sinuses or mu scle sca rs are not preser ved . Th e valves are, all ,
thin- shelled, only few fragmentary va lves are slightly thi cker.

Occurrence. - Tremad ocian cha lcedonites, Wysoczki , Holy Cross Mountains,
Poland.
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Genus SPONDYL OTRETA COOPER, 1956

(Type specie s : Spondylotreta concentrica COOPER, 1956)

Diagnosis (emend). - Small, pedicle valve conical, with a distinct septum and pedicle
tube, brachial valve with a low median septum starting almost from the anterior end of the
median hinge plate, long and triangular in profile; protegula of both valves distinctly pitted,
the pit s being round, quite deep, the smaller one s encircling the larger are numerous.

Age: Ordovician .

Spondylotreta dissimilis n. sp .

(PI. XI , F igs. 2-9 ; PI. XII , Figs. 1-2)

H olotype: Bp. XVjlOd, PI. XI, Fig . 3 (pedicle valve), para type : Bp. XVjIOk , PI. XI, Fig . 5 (brach ial valve).
Type locality : Wysoczk i , Holy Cross Mountains.
Type horizon: Tremad ocian (chalcedonites).
Derivation of the name: Lat. dissimilis - not very similar to the type species.

Diagnosis. - Relatively large, ventral conus wide , slightly arched in lateral view, brachial
valve almost flat , concentric lines like thickened and broad ridges.

Material - Three not very complete pedicle valves, six brachial valves, many small
fragments of valves.

Approximate dimensions (in mm):

I Width

Bp. XVj Length

Iat midlength anterior ly

IOk 0.72 0.84 -
(brachial valve)

10d 1.1 - 1.3
(pedicle valve)

Description. - Pedicle valve widely conical, interarea sufficiently defined due to its flat
tening, pedicle for arnen apical, small, round, opening into the interior ; valve in profile moderately
arched. Brachial valve roundly outlined, almost circular, width not or only slightly exceeding
the length , flat or very gently convex. Shell sur face covered with concentric ridges, somewhat
thickened, unfortunately not very well preserved due to the etching. The protegular pits are not
preserved in the se etched shells. Internally, both plates in the ventral cavity form a spoon-like
structure slightly anchylosed to each other in their upper side and coalesced on their underside,
in addition both plates widen anteriorly being in profile a little crushed (PI. XI, Fig. 3).

The interarea of the brachial valve is small, both propareas marked, slightly elevated
at their ante rior end s, median plate narrow, slightly concave medially; median septum in general
of moderate height, extending anteriorly but not attaining the anterior margin of the valve,
developed as a thin, trigonal in side view plate with a highest point in the anterior half of the
valve ; cardinal mu scle scars elongate oval, divergent anteriorly and distant (PI. XI , Figs. 5-6).

Discussion. - The species is rare and the specimens although not so thin-shelled as the
other acrotretid s from the chalcedonites, are not complete and uncrushed valves are lacking.
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All thi s fragmentary collection is not sufficient to give further information about the internal
st ructure. However, all of the preserved and considered features , especially these in the ventral
and dorsal interior appear to be so characteristic as to justify the above species as a member
of the genus Sp ondylotreta COOPER.

The newly proposed species differ s from the other known members of the genu s, known
from the Middle and U pper Ordovician , in ha vinga wider pedicle va lve, less pronounced dorsal
septum with its highe st point about its midlength , the hinge median plate is marked and the
dorsal pseudointerarea smaller. The cardinal mu scle scars of the brachial valve agree, to a great
extent , with those of th e type species Spondylotreta concentrica COOPER.

Occurrence. - Tremadocian chalcedonitcs, Wysoczki, Holy Cross Mountains, Poland.

Spondylotreta faceta GORJANSKY, 1969

(PI. XI , Fig . I ; Text-fig. 28)

1969. Spondylotreta [aceta GORJANSKY sp, nov. ; V. J . GORJANSKY, Bezzamk ovye brachiopody ... p. 66, PI. 10, Figs. 7-12.

Material. - One pedicle va lve almost complete and I fragmentary brachial valve.

Description. - Pedicle val ve sufficiently well pre served shows all features of the pedicle
valve of Sp. face/a GORJANSKY, 1969 (PI. 10, Fig s. 7-12) being similarly conical, po ssessing
marked pseudointerarea defined by a flattened dorsal region of valve, valve being slightly arched
in lateral view. Internally, the ventral internal structure is greatly thickened, septum high and
both supported plates are well arched (Text-fig. 28, I). The onl y small difference is, that the
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Fig. 28

Spondylotreta [aceta G ORJ ANSKY (Suhkrumagi, Estonia). 1 - interi or of pedicle valve with a spondylium-like structure
(spn.).
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discussed specimen is slightly more widened in its anterior third (pI. XI, Fig. 1). Brachial valves
are too fragmentary and show a preserved small interarea and a small posterior part of the dorsal
septum only.

Occurrence. - Lower Ordovician (Arenigian, Volkhov horizon), locality Suhkrumagi,
environs of Tallinn, Estonia. The species occurs in the Lower Ordovician, the uppermost part
of Letskij horizon layers with Pliomeroides primigenus var. lamanskij and Megalspides (Po
porkites) inostrancevi, occurring, in all probability, also in the upper part of Volkhov horizon
in West Estonia and in the upper part of Letskij horizon in east part of Leningrad environs,
Russian Platform.

Subfamily MYOTRETINAE n. subfam.

Derivation of the name: ex genus Myotreta GORJANSKY, 1969.

Diagnosis. - Shells small, narrowly conical, ventral apex tubular, pedicle foramen opening
into the valve cavity, round; protegulum pitted, the pits are round, the large and the small
ones separated by distinctly thickened ridges; dorsal septum short, trigonal, simple to very
folded, apical process in the pedicle valve lacking.

Remarks. - This is a significant taxon distinguishable and readily separated from the
others by a combination of features of external morphology and internal structure. The shells
are small, in general smaller than in the other acrotretids, the dorsal median septum appearing
relatively late in ontogeny, similarly as in e. g. scaphelasmatids, is one of the characteristic
features. It is, in comparison to the general shell size, thick with a tendency to form a high,
conspicuous and complicated element, not very comparable with that of the others acrotretids;
pedicle valve is much like that of Ephippelasma COOPER. To this subfamily is included only
one genus - Myotreta GORJANSKY.

Age: Ordovician.

Genus MYOTRETA GORJANSKY, 1969

(Type species: Myotreta crassa GORJANSKY, 1969)

Diagnosis (emend.). - Small to medium size, pedicle valve narrowly conical, to a slightly
varying degree widening anteriorly, distinctly arched umbonally in profile, internally without
apical process, dorsal median septum simple or, to a different degree folded, always starting
about midlength or posterior third of the valve, cardinal muscle scars elongate, protegular pits
deep and circular both the large and the small ones.

Discussion. - The genus is one of the acrotretoids very characteristic in its external
morphology and internal structure of brachial valve. It is, in general, of the type of Torynelasma
COOPER or Ephippelasma COOPER (COOPER, 1956) in having a conical pedicle valve and operculate
brachial valve. The morphological differences are quite considerable and concern mainly the

. pedicle valve width posteriorly h h .. h" fil f h d' 1 1 . .ratio , t e c aractenstic arc mg m pro e 0 t e pe IC e va ve m Its
pedicle valve width anteriorly

posterior third which can somewhat remind one of that in Paratreta (Text-fig. 23, 2a), the
appearance of the cardinal muscle scars which are large in comparison to the general valve
size and the median septum in the brachial valve.

Age: Lower-Middle Ordovician.
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To that genus are included three, up to now , valuable species, one not defined: Myotreta
crassa GORJANSKY, Lo wer Ordovician , USSR, Estonia, Poland M yotreta estoniana n. sp., Lower
Ordovician (Arenigian), Poland ; Estoni a ; M yotreta sp., Lower Ordovician , Pol and. In addition,
to that genus could be included spec imens of pedicle valves described from the Lower and Middle
Ordovician , Oslo region , Norway (POULSEN, 1971 ).

Myotreta crassa GORJANSKY, 1969

(PI. XIII , Figs. 1-9 ; PI. X IV, Figs. 6-7; PI. XV, Figs. 1-5; Text-fig. 29)

1969. Myotreta crassa GORJANSKY sp, nov. ; V. J. GORJANSKY, Bezzam kovye brach iopody..., p. 67, PI. 11 . Figs. 10-27.

Material. - Fifty sepa rate pedicle and brachial valves, all well preserved.
Approximate dim ension s (in mm):

I

.

I
Width

Bp. XV I Length
poster. I an ter.

40c 0.50 0.14 0.39 pedic le valves

40d 0.60 0.15 0.38
40 f 0.68 0.20 0.50

I
1_~Vid t h I Length

I
Distance from septum

Bp. XVI Length
o f septum poster. I anter.

35c 0.27 0.30 0.10 0.1 I 0.06
35d 0.30 0.35 0.1 I 0.13 0.06
35f 0.28 0.31 0.Q9 0.10 0.09
35g 0.28 0.32 0.06 0.14 0.06
35h 0.28 0.30 0.07 0.16 0.05

brachial valves

Description. - Small , pedicle valve narrowly elongate, slightly widening anteriorl y, the
apical part like a small culpae imposed on the adult valve (Text-fig. 29, B2) , very arched in side
view, pedicle foramen round , minute, pedicle tube very small ; pseudodeltidium apsacline to
slightly anacline, flattened with a slight intertrough (Text-fig. 29, B) ; brachial valve roundly
outlined, slightly arched along midline. Ventral interior with a small pedicle tube opening in
the deep ventral cavity, apical process lacking ; brachial valve with two small propareas, relatively
well marked, only a little elevating upwards at their anterior end , median plate well depressed;
median septum sta rting about midlength of the valve ju st near the anterior end of the cardinal
mu scle scars, develop ed as a sma ll, triangular, simple or a little folded plate, very limited in
height , upper margin thi ckened, extending anteriorly but never reaching the anterior margin
of the valve (PI. XIII , Figs 1-4), cardin al mu scle sca rs distinct , lying on both sides of a median
depression , elongate, sometimes reniform in outline, divergent anteriorly, placed on small shell
elevations (PI. XIII, Figs 3-4).

Ornamentat ion con sists of conc ent ric macrolines, to a much degree thickened, ridge-like
with backs more rounded or less, much less dist inct on the anterior part of the pedicle valve
and on the lateral slope s of the brachi al valve being of somewha t lam ellar appea rance; the new
concentric lines appea ring by division or ra rely by intercalation ; in genera l the y are regularly
arranged, usuall y 4-6 lines occ urr ing at a distance of about 0·08 mm.
r. - P at a eonto logia Polonica No . 28



82 GE RT R UDA BIERNAT

Growth changes. All specimens at hands are represented by individuals of two different
growth stages, easily recognized. There occur the younger, characterised by a thin shell, more
equally conical , i. e. narrowed posteriorly with a pedicle tube almost straight, the apical arching
of the ventral valve in side view not at all or only a little accentuated (Text-fig. 29; PI. XIlI ,
Fig . 6) ; the dorsal median septum very small, usually only marked about midlength of the

E

DO.5mm
c

Fig. 29

Myot reta crassa GORJANSKY (Bartoszyce IG-I, 1878·1 m). A interior of one brachial valve with a median septum ;
B interarea and side views of pedicle valve, three (I- Ill ) gro wth stages ma rked , calpac-like stage corresponding to the
IInd one, veryextremely distinct ; C, D two different pedicle valves in area and side views ; E side view of adult pedicle and

brachi al valves ; c. v. calpac valve, b. 1'. brachial valve, p. 1'. pedicle valve.

valve (PI. XIII , Fig. 1). The adult stage starts at the length of about 0·29 mm for the brachial
valve and 0·48 mm for the pedicle valve. The pedicle valve is narrowly conical (a feature charac
teri stic for the species), the apical part becoming arched , in side view ha ving a calpac appearance,
without distinct concentric ornament which , among others, distingui shes it from the adult
valve. T he dorsal septum is longer, thicker and in the valves of about 0·3 mm can become
slightly folded (Text-fig. 29; PI. XnI, Fig. 4), usually one small folding appears. These adult
features accompanied by a relatively thick valve but very diminutive shell size make this species
extremely characteristic and easily recogni sable.

Individual variability in thi s species is very limited, and can only concern the degree of
depth in th e po sterior third of the brachial valve, to a lesser degree the length and height of
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the median septum. As to the external morphology, both valves preserve their similar outline
and shape.

Discussion. - No differences occur between the specimens described by GORJANSKY

from the Middle and Lower Ordovician of USSR (GORJANSKY, 1969, p. 67, PI. 11 , Figs 10-27)
and ours. Th e shell dimensions, shape and outline are the same, also the other features of ex
tern al morphology and interna l structure are almost identical. Th e acrotretacean brachiopod
from the Lower and Middle Ordovician of the Oslo region , Norway described and figured by
POULSEN (1971) unfortunat ely known only from the pedicle valves is very close to M. crassa in
the genera l appearance, differin g somewhat in having a longer and more elongate valve. The mo st
posterior part of the pedicle va lve is similarly distinguishabl e from the adult parts of the valve.

Occurrence. - Lat e Lower-Middle Ordovician , Bartoszyce IG-I (1873 m), Goldap IG-I

(1473.6 m), Ket rzyn IG-I ( 1595.5-1602 m), north-eastern Poland; Esto nia - Volkhov hor izon
at th e Paldi ski locality ; USSR - Kundskij horizon , near Petchora river , environs of Le
ningrad .

Myotreta estoniana n. sp.

(PI. XlII , Figs. 10-13; PI. XIV, Figs. 1-5; Text-figs. 14-1 6, 30)

Hototype: Bp. XV/Ily, PI. XIV, Fig. 5 (pedicle valve) ; paratype : Bp. XV/40z, PI. XlII, Fig. 12 (brachia l valve).
Type locality : Ket rzyn IG-I , north-eastern part of Poland .
Type horizon: Upper most Arcn igian, Ket rzyn IG-I (1602'5 m).
Derivation of the name: Lat . estoniana - occurr ing in Estonia .

Diagnosis. - Extern ally very much like Myotreta crassa GORJ. but larger, pedicle valve
wider anteriorly, arched umbonally in side view; median dorsal septum co nsidera bly folded.

Material. - A number of brachial valves and only 2 pedicle, valves, many fragment s
of particular valves.

Approxima te dim ension s (in mm) :

I I
Width

Bp. XVI Length

Ianter . poster.

ll y 0.51 I 0.23 0.69
holotype, pedicle valve

29d 0.57 I 0.6 0.35

Description. - Median size for the genu s ; pedicle valve with a relati vely greater width
anteriorly, arched in side view, especially much in the po sterior third of th e valve, the posterior
part of the va lve corresponding to th e protegulum and the calpac structure of Myott eta crassa
GORJ. very sma ll and slightly moved dorsally, pedicle for amen apical , sma ll and round, pseudo
interar ea apsacline to slightly anacline, flatt ened . Brachial valve wider th an lon g, roundly
outlined, slightly arched umbonally (PI. XIII, Figs 10-13).

Ornamentation con sists of concentric, ridge-like lines , disti nctly thickened , regularly spaced
on the shell surface ; intercalation and bifurcation occurring from time to time. Ventral interior
with a very sma ll pedicl e tube open ing into the deep valve cavity ; no apical process. Brachial
valve deepened apic ally, both propare as usually narrow, their anterior margin often 'linear,
only a litt le elevated ; medi an plate concave, well marked. Medi an septum beginning at the
G*
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posterior valve third, anterior to the posterior concavity ; in thi s latter, in addition, in gerontic
valves appear thickenings sometimes forming a small elevation (PI. XIV, Fig . 4), like a platform,
as in Conotreta, Torynelasma and other form s, to the anterior margin of which the posterior
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2 a

Fig. 30

Myotreta estoniana n. sp. (Suhkrurnagi , Esto nia). J. 2 - two brachial valves with a media n septum very stron gly folded;
2 - internal view of ext remely old brach ial valve.

end of median septum seems to be "attached". The septum is high , its upper edge thickened
and widened, to a varying degree folded (in lat eral view), th e number offolds dep ending upon the
growth stage showing also some individual variability mainly in the degree of their development ;



ORDOVICIAN INARTICULATE BRACHIOPODS 85

the folds being more deep or less, sometimes only marked; septum can sta rt to be folded to
the left or right, and no regularity is stated, thi s feature being un stable (Text-figs 14, 30). Cardinal
mu scle scars large, occupying one third or more of the valve length, elongate oval or reniform
in outline (PI. XIV, Fig s 1-4), only a little divergent anteriorly, their appaerance is suggestive
of strong muscles ; in old valves one could observe traces of probably adductor anterior mu scles
lying on both side of the median septum, which are smaller and roundly outlined.

Discussion. - The species is characteristic and distinguished from M . crassa GORJ.
by its larger size, more widely outlined pedicle valve and much more folded dorsal septum.

Occurrence. - Late Lower-Middle Ordovician, Bartoszyce IG-I (1873 m), Ketrzyn
IG-l (1595,5 m) , north-eastern Poland; Suhkrumagi , Estonia, Volkhov horizon ; erratic boulder
No. O. 178, Mochty, Vistula Valley, Poland.

Myotreta sp .

(PI. XV, Figs . 6-8)

Description. - In the collection from the Tremadocian chalcedonites there is one in
complete pedicle valve and many fra gment s, smaller or larger, and incomplete brachial valves.
The specimens are extremely thin and transparent. Although the pedicle valve is broken it
pre serves, however , the genera l appearance characteristic of Myotreta crassa GORJ. (comp.
PI. XIII , Fig. 6) or, to a great degree M. estoniana n. sp. (PI. XIV, Fig. 5) differing in being
not or only very little incurved dorsally. It also reminds one very mu ch of acrotretacean pedicle
valve (MMH No. 11024) from the Ceratopyge Limestone Slemmestadt from the Oslo region,
figured by POULSEN(1971, PI. 1, Fi g. 2a; PI. 2, Fig. 3) which, no doubt, is a member of the genus
M yotreta. As to the brachial valves they are also badly preser ved. The appearance of the cardinal
mu scle scars, median septum and to a great extent, th e interarea are al so of M yotreta character.
There is some rea son to believe that the discussed specimens a re members of the genus Myotreta
and in all probability, represent a new species which unfortunatel y can not be defined at present.

Occurrence. - Tremad ocian chalcedonites, Wysoczki , Holy Cross Mountains, Poland.

Subfamily SCAPHELASMATINAE ROWELL, 1965

Diagnosis. (slightly emend.).- Lowly conical, interthrough well developed, pedicle foramen
posterior to the apex ; apical process, if present, very small, median septum simple and high,
propareas small; protegulum pitted, pit s of both size - the larger and smaller round and re
latively deep.

Age: Middle Ordovician-Upper Silu rian.

Genus SCAPHELASMA COOPER, 1956

(Type species : Scaphe/asma septatum C OOPER, 1956)

Discussion. - Scaphelasma is a very characteristic genus, very sta ble in its external morpho
logy and internal structure. The mo st characteri stic and import ant features are: 1) the dorsal
median septum starting almost at midlength or anterior third of the brachial valve and never
exactly reaching the anterior valve margin, its height, length and outline sho w some small
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intra- or int erspecific variations ; 2) th e dorsal beak relatively wide a nd blunt well marked in
side view; 3) the ped icle va lve lowl y co nica l with the pedicle foramen constantly posterior to th e
apex, usu all y round, somet imes len s-like ; size of the pedicle foramen depending much upon the
growth stag e ; 4) interthrough marked, usually di st inctly ; 5) propareas wide, rather well delimited.

Such external features as : the she ll ornamentation - includ ing the de nsity and th ickness
of th e concentric thickened lines o r lamellae, some differences in the shape and outline of the shell ,
the degree of di stinctness of the interthrou gh , a ppeara nce of th e ped icle foramen a re the main
-specific feature s, which can ch ange, to some degr ee and the appea r ing morphological differences
can be well di scern ible . Scaphelasma shows a great simila rity to the Silurian genus A rtriotreta
JRELAND , 1961 especia lly in so me detail s of th e internal morphol ogy of both va lves . 1n Artrio
treta the medi an septum is shorter, its maximum he ight lying more anteriorly, th e median plate
being mu~ narrower , ped icle va lve less co nica l, interthrough deep er and better marked , the
" hinge" poste rior margin of th e pedicle va lve bein g relatively very di stinctly inci sed (IR ELAND ,

1961, PI. 137, F igs. 1-4, 7, 8, 10-11).
Age: Late Lower , Middle and Upper Ordovician.
Specie s ass igned : Scaphelasma septatum C OOP ER, Middle Ordovician , U. S. A.;

Scaphelasma rugosum G ORJANSKY, M iddle Ordovic ian , U SSR; Scaphelasma subquadratum n. sp. ,
Late Lower and Middle Ordovician , P oland ; Scaphelasma sp ., probably U ppe r Ordovician,
erratic boulder, No. O . 247, Jaroslawiec, Poland .

ScapheJasma subquadratum n. sp.

(PI. XVI, Figs. 1-6, 8-10; PI. XVII, XVIII, XIX; Text -figs. 31, 32)

Holotype: Bp. XV/8v, PI. XVII , Fig. 5 (ped icle va lve) ; paratype ; Bp. XV/8 r, PI. XVl1, F ig. 3 (brachia l valve) .
Type locality: Ketrzyn ; north-eastern pa rt o r Poland .
Type horizon: L1anvi rnian, Ketr zyn IG-I (1595111).
Derivation of the name: Lat . subquadratum - subquadratc o ut line prevai ling .

Diagnosis. - Like Scaphelasma septatum C OOPER (ty pe species), but more tran sverse
in outline, exte rna l co nce nt ric lines much fine r, dorsal septum shorte r.

Material. - T wenty pedicle, 35 br achial va lves, a ll well preserved .
A pproximate dimen sion s (in mm) :

. _ --~- -

Bp. XVI Length Width I Length or sept um l_ _ _ _ _

l e 0.68 0.99 0.37 I brachia l va lve
2c 0.92 1.02 0.57
3c 0.55 0.67 0.24
4 c 088 1.0 0.43
Se 0.64 0.84 pedi cle valve
6c 0.86 1.03
7c 0.58 0.78
8e 0040 0.50

Description. - She ll usually subq uadrate in outline very rarely a lmost qu adrate ; pedicle
va lve lowly conical ; pseudointerarea tri gonal , slight ly concave, interthrough m arked , pedicle
foramen small, round ; brachial valve a lmos t flat, slightly arched umbonally (Text-figs. 31, 32).
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Ornamentation con sisting of concentric macrolines regularly outlined, well distinguishable,
densely arranged, looking as thickened concentric ridge s with thickened backs (PI. XVII,
Fig . 6). At higher magnification (under scanning electron microscope) the surface orn amentation
is, to some extent, differentiated all over the shell surface. The concentric ridges around the
protegulum are thicker, distinctly elevated , the new one s appearing by int ercalation (PI. XVII ,
Fig. 6b) , on the median part of particular valve they are almost regul arl y arranged , separated
usuall y by one to three th inner one s, which, however, ar e not continued along the valve's width
(PI. XVII , Fig. 6). On the anterior part of the shell, mostly on lateral slope s the ridges are of
somewhat lamell ar appearance, the lam ellar surfaces being covered by short oblique thickened
wrinkles (PI. XVII, Fig. 6b) of slightly changeable pattern (see p. 31).

Internally, pedicle foramen is surrounded by a slight rim with a shortly extending spike
on the ventra l side of the valve interior. The dorsal medi an plate is, very changeable in its outline,
being usually in the younger growth stage lens-like , slightly extending anteriorly, with the pro
gre ssing age it is less lens-like, sometimes its anterior edge being almost linear, as thi s plate is
more tr an sversely or less tr an sversely elongate (Text-fig. 32) ; medium septum is much of sta ble
appearance, starting always ab out mid length of the valve, extending anteriorly, never reaching
the anterior valve margin; it is, in side view of a trigonal outline with a highe st point in th e
anterior fourth of the valve length, its upper and sloping edges always stra ight ; mu scle scars
very indistinct, sometimes weak traces of cardinal mu scles can be observed, usually roundly
outlined (PI. XVll , Fig. 3).

Growth changes. In the growth process some changes in the general appearance of the shell
occur. The pedicle valve alm ost flat in the younger stage deepens with time, the pedicle foramen
in specimens to about 0·27 mm long is round to slightly elongate, relatively large (Text-fig. 31
D- E). In much smaller specimens the posterior edge is only inclined, samewhat like in Orbi
culoidea. In adult stage the pedicle for amen is round but to about two times smaller. Internally,
only the rim encircling the pedicle foramen appears and thicken s with growth. Brachial valve is,
in younger stage (valves to about 0·26 mm long) pentagonal in outline, the dorsal apex being
pronounced (PI. XVI , Figs 2-3). With growth, the po sterior edges becomes straight, apex less
pronounced, the valves becoming subquadrate in outline (PI. XVI, Fig. 3).

Internally, the apical cavity is deep and po ssess (in the length of valve to about 0·25 mm)
a distinct median plate, of lens-like appea rance, the large st in its middle, narrowing laterally,
no propareas or extremely very small are present (PI. XV, Fig. 1; Text-fig. 32); the posterior
margin of both sides of the median plate being slightly elevated and roundly outlined (PI. XVI,
Fig. 3). In general , with growth , when the median septum starts to develop, two small propareas
usually appear, remaining, in adult stage very remini scent.

Medi an plate is somewhat of variable appearance in adults being linear or preserving the
lens-like outline (Text-fig. 32). Median septum, an interesting internal element , appears late in
the growth process similarly as in M yotreta (PI. XV, Fig s 1-3). Usually, valves of about 0.42 mm
long possess extremely faint and short median thickening in the anterior third of the valve at
a distance of about 0.24-0.3 mm from the apex (pI. XVI , Fig. I).

Some valves abo ut 0.4-0.60 mm long have a median septum looking as a weak medi an
ridge a little only elevated anteriorly. In general, in valves of about 0·84 mm long and 1·00 mm
wide the median septum is well developed as a trigonal plate, slightly thickened alo ng its ba se
and highly, to a different degree, elevated anteriorly (PI. XVII, Fig. 3).

Discussion. - The specie s is quite characteristic in its external morphology, mo stly in
being transversely outlined and in having regularly and densely arranged thickened concentric
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Scaphelasma subquadratum n. sp. (Ket rzyn IG-l , 1602·0 m). A-C exterior of three different brachial valves, A , side view;
D. E exte rio r of two different pedicle valves ; F interior of adult pedicl e valve ; p. ], pedicl e forarnen.

lines. The se are the features mo stly differing our species from Scaphelasnia septatum COOPER,

Pratt Ferry Formation (COOPER, 1956, PI. 18, Figs 70-72) or from Leningrad and Pskov en
virons - Volkhov and K unda horizons (GORJANSKY, 1969, p. 70, PI. 12, Figs. 10-11).
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Scaphelasnia rugosum GORJANSKY, environs of Pskov, Tallinn horizon, in comparison with
our species, is more roundly outlined an d the shell sur face is ornamented by thick, concentric
rugae (GORJANSKY, 1969, p. 71, PI. 12, Figs. 2,4), internally the median septum being al so
longer.

B

- . ... .

.>j..'~~:~':..';.~..:.~•..'::'.:...•:'.:.'.:.~.':..,..:...•:"":,.::~:;.'.,:.•.~.:..,':..........•:...•..:.:.~..•::.::.•.,.'..:-:..:::.:-<:'.: ' '';~:: .:: . · ?:·~~='~.~X~L;:(
A . ••• h·c1,zltftjrtfr,1B:t!·W· ···....

IO.1mm\

<~

<; ;f~~;~~..;.~~~~ i~~}~0\
......: ..

O.5mm

C O.5 mm

D

Fig. 32

Scaphelasma subquadratum n. sp. (Goldap IG-I , 1466·0 m). A-D posterio r view of four different brachial valves showing
variations in the appearance of a median plate ; m. p. median plate, d. 1I. dorsal umb o.

Occurrence. - Late Lower-Middle Ordovician, Ketrzyn IG-I ( 1595,5- 1602'5 m), Barto
szyce IG - l (1873·1-1879 ·1 m), Goldap IG-l (1466,9 m), north-eastern Poland; Es tonia, en
virons of Tallinn , Suhkrumagi, Volkhov horizon.

Scaphelasma cf. septatum COOPER, 1956

(Text-figs. 5, 33)

M aterial. - Two brachia l va lves with well pre served median septum.

Description. - Two specimens, although not very complete, pre ser ve the median septum
well developed, standing high above the valve floo r. It is in contrary to Scaphelasma subquadra
tum n. sp. (PI. XV II , F ig. 3), relatively much longer, occ upyin g more th an three fourth of the
whole valve length, with the highest point near the anterior valve margin. Median plate small,
slightly concave, cardinal muscle scars slightly visible.

Ornamentation consists of concentric line s of slightly thickened appearance, regularly
arranged.

Discussion. - The specimens in the appearance of the median septum are very clo se to
Scaph elasma septatum COOPER from P RATT Ferry Formation, Alabama (COOPER, 1956, PI. 18,
Figs. J, 65-73) and to specimens descri bed by GORJANSKY from Kunda horizon (co rre sponding
to Llanvirni an), environs of Pskov, USSR (GORJANSKY, 1969, PI. 12, Fig. 10). The only difference
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Scaphelasma cf. septatum C OOPER (er rati c bould er, No. O. 178). 1 - dorsal interior view showi ng well preserved median
sept um.

in comparison with our specimens are sma ll vari at ion s in the den sity of concentric surface lines
which are more closely spaced in the considered valves, and seem to be slightly th inner.

Occurrence. - Erratic boulder No. O. 178, Mochty, Vistula va lley, Poland; Middle
Ordovician, North Ame rica , Pratt Alabama, Pr att Ferry formation ; USSR, environs of Pskov.

Scaphelasma sp.

(PI. XVI, Fig. 7)

Material. - One complete pedicle valve, one fragment and one brachial valve, fairl y well
pre served .

Description. - Although the specimens are, in general aspect , extremely similar to the
known species of Scaphelasnia, they po ssess some differing feature s which could be of specific
rank. Th e interarea of the pedicl e valve is bett er outlined and larger, the pedicle foramen is
quite large, lens-like in outline (PI. XVI , Fig. 7) ; the concentric lines ar e like rugae quite
distin ct and thickened in the anterior half of the shell, much thicker th an in Scaphelasnia sub
quadratuni n. sp. (PI. XVI , Fig . 6 ; PI. XVII , Fig . 4). The shell is more tr an sver se, both lat eral
margin s a re rather moderately a rcuate and po sterior margin longer. As to the dor sal septum
it is similar to th at in Se . su bquadratuni being only slightly longer. Th e mentioned differences
appea r to be relatively grea t but th e material is to scarce, hence it is impossible to sta te whether
they are fairl y sta ble an d are th e specific features or whether the se differences lie in the limit s
of individual variability. It seems, ba sing on the available material , th at the scaphelasmatids
are character ized by a great consta ncy in the externa l morphology and internal det ails, and
are changing mostly in the direction of widening ventral interarea (elongation of th e po sterior
marg in) and probably in a slighty different developing of some structur es of the dorsal
posteri or margin, e. g. median dorsal plate (Text-fig. 32).

Occurrence. - Erratic boulder N o. 0.247, Jaroslawiec, Poland (Caradocian, AshgiIlian ?) .
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Subfamily TORYNELASMATINAE RowELL, 1965

91

Diagnosis (emend.). - Pedicle valve conical; protegul um of both va lves pitted , th e larger
pit s round and shallow surr ounded by a number of sma ller ones; dor sal pseudoint erarea
undivided, medium septum arising slight ly anteriorly or some distan ce to beak , bearing a con
cave, flat or slightly arched plate on its po steroventral edge .

Discussion. - One of the int ernal changeable features is the dorsal sept um, well de
veloped of complex type (vide p. 45) in the genus Toryn elasm a COOPER a nd mu ch reduced
in the Silurian genus Acrotretella IRELAND. This latte r genus, although, to some extent, co ntro
ver sial , po ssesses a medi an septum weakly develop ed , which can, however, remind one of
Toryn elasma. This structure in th e Silurian form could represent a n adva nced stage of de
velopment, atta ining con siderable simplicity in th e sha pe of th is element as also loosing its
distin ctn ess. Another feature which could suppo rt th e including of thi s genus to th e subfamily
is th e character of the protegular pits- they, however , have not yet been studied in Acrotretella.

Age : Ordovician - Silurian .

Genus TORYNELASMA COOPER, 1956

(Type species : Torynelasma toryniferum C OOPER, 1956)

Diagnosis (slightly emend .). - Small , pedicl e va lve wide ly to narr owly conica l, co ne
highe r or shorter, median septum complex, lon g or relatively short, saddle like or with sur
mounting plate triangular, to a different degree , bent along its both lat eral sides . Protegulum
pitted .

Discussion. - The genus comprises a sma ll group of species externa lly very alike, but
differin g somewha t in the appearance of a med ian septum. It is alway s of a complex type (vide
p. 45) but, in general , distinctly saddle-spoon like as is shown by the type species Torynclasma
toryniferum (COOPER, 1956, PI. 18E, 1) or the surmo unting plat e is fla t to slightly arcua te on its
back as is illustrated by T. rossicutn GORJANSKYtvide PIs. XX , XX I). T he latter type of sep tum, as
far as is known, con stantly occurs in the Euro pea n species. It includes a number of sma ller
variants, as the length, degree of flatt enin g or a rching of th e surmo unting plate are somew ha t
changeable. This differing feature could be con sidered as valuable on th e gener ic level. It seems,
however, very probabl e that the torynel asmatids descr ibed by COOPER fro m Pratt Fer ry For
mat ion could also develop a similar structure to ours. A ran ge of illustrat ed brachi al va lves
sho ws in a few cases, a septum sugges ting a flat or slightly arched surmo uting plat e (COOPER,
1956, PI. 18, Figs. 1, 61-62). The other availabl e exte rna l features are the same both in our forms
and th ose from Alabam a. Al so th e pattern of protegular pitt ing is identica l. T hus, th e here
considered species are judged to be members of a genus Toryn elasnta COOPER which displa ys
a septum mu ch varying in appea ra nce.

Species assigned : Torynelasnta toryn iferum COOPER, Middle Ordovician , N. America ;
T. min or COOPER, Middle Ordovician , N. Am erica ; T. rossicum GORJANSKY, Lower a nd Middle
Ordovician , West U SSR; T. (?) magnum GORJANSKY, Lower Ordovician , Es to nia; T. rarunt
n. sp., M iddle Ordovician , Poland ; Toryn elasm a sp. , Lo wer Ordovician , Eston ia.

Age: Lower and Middle Ordovician .
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Torynelasma rarum n . sp .

(PI. XX, Figs. 12, 13)

Type specimen: Bp. XV/5, PI. XX, Fig . 12a, b.
Type locality : Jezioro Okrqg lc, nor th-eastern Poland .
Type horizon: Caradocian , Jezioro Okragle IG-I (dep th 909 Ill) .

Derivation of the name: Lat. rarum - rare, ra re ly found in th e studied deposits.

Diagnosis. - Small , ped icle valve widely con ical , brachial valve roundly outlined , sur
mounting plate of the do rsal septum lon g with a rched upper back .

Material. - One complete shell with both valves preser ved , few small fragments of pedicle
valves , rare.

Approximate dimensions (in mm):

Width

Bp. XV/5
Holotype, Length

1

vent ral valve 1.0 a nter. pos ter.
0.86 0.2

Bp. XV/6 b I brach ial valve

I
0.83

I
0.86

I
-

--~--

Description. - Small , pedicle valve widely co nica l, pedicl e foramen apical, brachial valve
roundly outlined, apex slightly pronounced. Surface ornamentation con sists of concerntric,
thickened macrolines fa irly reg ularly arra nged all over th e shell surface.

Inter ior. Pedicle valve without apical process, brachi al va lve with a sma ll pseudointerarea,
undivided, median plat e slightly concave ; median septum lon g, starting so me distance from
the beak, high, its highest poin t lying on fourth anterior of the va lve, bearing a long, to a va rying
degree, con vex plat e with comparatively large lateral walls.

Discussion. - It is a dist inct spec ies and although rep resent ed by a very limited number
of specimens, much differin g fro m the other members of th e genus. On e of the external dif
ferences is th e relatively low and wide co nus due to which th e pedicle valve mak es an impression
of a slightly shortened va lve, but of a very regular tri angul ar outline. The concentric line s are
thickened a nd less den sely outlined . The do rsal median septum is also very characteristic in its
outline; much narrowed posteriorly and widened anteriorly, the upper back of the surmounting
plate is arcua te, thi s plat e being, in addition, very long. All these mentioned feat ure s differ
T. rarum from the other kn own species. T o mention , the brachial valve is very regularly rounded
and the platform between th e a nterior edge of th e median "hinge" plate and posterior end of
th e median septum is less developed and of slightly different appeara nce (PI. XX , Fig. 13).
Unfortunately, no observa tions on the protegular pits could be made. Supposedly, the pattern
of pit s is of Torynelasma type.

Occurrence. - Late-Middle Ordovician, Jezioro Okragle IG-I , Goldap IG-I , north
-eastern Poland.

Torynelasma sp .

(PI. XX I, F igs. 1, 6; Text-fig. 8)

Material. - One complete brachi al va lve and few frag menta ry pedicle va lves.

Remarks. - The mention ed specimens show some features of Torynelasma rarunt n. sp .,
mainly in having a lon g septum, the surmo unting plat e is, however, more flat, th e platform
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at the posterior end of the septum not marked, median "hinge" plate smaller. As to the pedicle
valve , it is very much between e. g. Torynelastna roSSiCU111 GORJ. (PI. XX, Figs. 8-9) and T. ra
rum n. sp. (PI. XX , Fig . 12a) . Th e conus is widened anteriorly but it is still narrower and longer
in compari son to the latter species. These all differences could be of specific value but must be
ascertained on larger number of specimens.

Occurrence. - Arenigian, Volkhov horizon, Suhkrumagi, environs of Tallinn, Estonia;
erratic boulder No. O. 178, Mochty, Vistul a valley, Poland .

Torynelasma rossicum G ORJ ANSKY, 1969

(PI. xx, F igs. 1-11 ; PI. XXI , F igs. 2-5 ; PI. XX II; Tex t-figs. 9, 18,34)

1969. Torynelasma minor rossicum GOIUANSKY, subs p, nov . : V. GOIUANSKY , Bczza mkovyc brach iop od y ..., p. 71, PI. 12,
Figs. 15-21.

Material. - Thi rty brachial and 50 pedicle valves, majority of pedicle valve damaged.
Approximate dimension s (in mm):

Bp. XVI I Length I Width ILe~gth of scptum

44a 0.33 0040 0.23
45a 0.38 0040 0.28
51 0.35 0.38 0 27
56a 0.40 0.45 0.30

I I
Width

Bp. XVI Length
poster. I a nter.

~.

46a
I

0.50 0.1 0.38
48a 0.65 0.09 0.33
49a 0.45 0.08 0.38
50a 0.33 0.07 0.36
60a 0.53 0.11 0.38
62a 0.45 0.Q7 0.38
63a 0.47 0.07 0.30
66a 0.35 0.06 0.30

brachi al va lves
Ba rtoszyce

Kctrzyn

ped icle va lves
Bart oszycc

K~t rzY I1

----~----------------- ~-~~---

Description. - Small , pedicle valve narrowly coni cal , pseud ointerarea flattened , with
a very slight tr ace of interthrough ; bra chial va lve slightly con vex in profile, roundly outlined,
apex weakl y pronounced. Co ncentric lines a re thi cken ed, densely cover ing the whole shell
surface, not always very distinct, on the pseud ointerare a secto r often split ing two to three
times, being in a such a way more distin ct and narrower (PI. XXII, Figs. 3, 4). Interior of the
pedicle valve not studied. The dorsal pseudointe rarea, sometimes weakly marked, very small ;
medi an septum starting from the marked area (PI. XXI , Fig. 2; Text-fig . 34) as a thickened
platform, lying anteriorly to pseudodeItidium ; septum high , extending anteriorl y, the highe st
point anterior to midlength of the valve , bearing a short plate, to a varying degree con vex,
sometimes almost flat , its lateral walls slightly varying in size.

Variability. - The variations concern mainly the appearance of the median dorsal septum,
its height and position of the high est point, size of the upper plat e and the degree of its arching.
Very unimportant variations are marked in the degree of the pedicle valve elongation.
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Torynelasma I'OSS iClI1I1 GORJANSKY (err atic bould er No. O. 418). /·4 - dorsal complex septum in different views, 2b 
anterior view showing a degree of septum elevation ; sm. p . surmounting plat e, v. p. vertical plat e.
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Discussion. - The collecti on is quite num erous, the mo st numerous specimens com e
from K et rzyn, mu ch less from Bartoszyce, or Eston ia . On e of the negati ve features of the whole
collection is th at the specimens are of not very advanced adult age hence the shells are usually
very thin , their dor sal septum being , howe ver, well developed (PIs. XX , XXI ; Text-fig. 34).
In addition , to the menti oned species a re tent atively, included th ree brachi al valves the sur
mounting septa l plate of wh ich is distinctly divided int o two pa rts, th ese latter very diverge
ante riorIy and a re bent to the valve bottom. Th e pedicle valves are unknown (vide p. 45,
Text-fig. 18). Our spec imens are of the type of th e GORJANSKY'S spec ies from the Lower and
Middle Ordovician of the Pskov enviro ns (1969, PI. 12, Figs. 15-2I) and p ractically no important
differences occur. Exterior of both valves is the same, also va riat ions in the length of the dorsal
septum are similar.

Occurrence. - Lat e Lower-Middle Ordovician ; Ketrzyn IG -I (1595.5-1602.5 m), Barto
szyce IG-I (1873.1-1879.1 m), Gold ap IG-I ( 1466.9-1473.6 m), north-estern part of Poland ,
errat ic boulder No. O. 417, M iedzyzdroje, Balti c coast; Lower and Middle Ordovician ,
enviro ns of Pskov, USSR, Esto nia .

Subfamily EPHIPPELASMATINAE ROWELL, 1965

Diagnosis (emend.). - Pedicle valve conical, apical process lacking, pedicle foramen
sma ll, ro und, apica l, dorsal pr opare as sma ll and medi an plate co ncave; dor sal saddle like
plat e digitat e or spinose, att ached by its pos ter io r end to the po sterior third of the valve floor
or supported by a vert ical plate ; pr otegula of both valves pitted, pit s round and comparati vely
deep, the encircling sma ller pit s of a limit ed number.

Discussion. - The subfami ly is sma ll, comprising, up to now, one genus, displaying rather
simple external morphology and complex median septum, the surmount ing plat e being rather
very varia ble. T he subfamily con stitutes one of isolated groups within the acrotretid s. This
group of ac rotretids could probabl y deviate from the acrotre tinae and seems to be very clo se
to the Ca mbrian genu s Protot reta BELL (1941, p. 221) mainl y by realizing , to some extent,
more comp licated appearance of the median septum.

Age : Ordovician .

Genu s EPHIPPELASMA COOPER, 1956

(Type specie s: Ephippelasma minutum C OOPER, 1956)

Diagnosis (emend .). - Small , pedicle valve widely conical, varying in it s length , apically
arched in side view, in terarea relati vely well delimited; brachial va lve with a septum complex,
with or without supporting vertica l plat e, surmounting plat e of variable appeara nce, spinose
marginaJIy or /and on the under side, oft en displaying the spikes; protegul ar pit s round , distinct.

Age: Late Lower-Middle Ordovician- ?Upper Ordovician.

Discussion. - Ou r forms are very mu ch like Ephippelasma COOPER in the genera l ap
pearance of the pedicle valve, the det ailed morphology of the dorsal posterior margin , in the
outline of the cardina l mu scle scars and in the general appearance of the median septum. In
our case, however , the vert ical supporting plate always occurs, develop ed to a different degree,
and in old individu als bein g often extremely short and very weakly marked. Th e surmounting
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plate is very variable in its general appearance, being wider, or more elongate, bearing the spines
on its under side together with the marginal ones, or only spikes. Their appearance in the fossil
state much depends upon the sta te of preservation (vide p. 50) of these structures.

The septum externally can, to a great extent, be compared to that of the Middle Cambrian
Protofreta BELL (1941 , PI. 31, Figs 44-48) or Angulotreta PALMER in which the upper plate being
digitate or f1abellat e is al so suppo rted by a vertical plate. Also the propareas of the dorsal
interarea vary somewhat, being slightly larger or smaller, but rather well preserved. As to the
pedicle val ves there occur some variations in length. They can be more elongate or with length
greatly reduced however, the width at the anterior valve margin remains almost unchangeable
(Pi s. XXIII , XXIV). Despite of the mentioned differences our form is included to the genus
Ephippelasina COOPER, and interpreted as a quite variable taxon.

Age : Ordovician.

Ephippelasma spinosum n. sp.

(PI. XXIII ; PI. XXIV, Fig. 9; PI. XXV ; PI. XXVI ; Text-figs. 10, 19A , 35)

Holotype: Bp. X Y/12 z, PI. XXIII, F ig. 11 (pedicle valve) ; paratype : Bp. XV/I I z, PI. XXlII , F ig. 10 (brachial
valve).

Type locality : Ket rzyn , north-eastern pa rt o f Poland.
Type horizon: Llan virnian , Kctrzyn IG-I (1595.5 m).
Derivation of the name: Lat. spinosum - because of spinose dorsal septum.

Diagnosis. - Small , widely conical, brachial valve with a septum of complex type, sup
porting plate short, the surmounting plate spinose.

Material. - Sixty pedicle and brachial valves, separated ; two complete shells with both
valves closed; all specimens, in general , well preserved.

Approximate dim en sions (in mm) :

0.28 brachial
0.26 valves

Length of septum

(holotype, pedicle
- valve)

0.98
0.80

1.0

0.61
0.65

I -,---__W_id-,t_h _I: XV~ _~e~_~oste r._ 1 anter. _ I _l1ledian__----'-- 1

I 12, 1.2 \.3

I ~~

Description. - Small , pedicle val ve widely conical; interarea flattened with a weak trace
of ?interthrough , pedicle foramen sma ll, round , marked by a slight thickening (Text-fig. la),
opening to th e valve cavity by a short tube ended with a small rim, brachial valve flat or a little
concave, apex weakly pronounced , arching in the lateral view.

Ornamentation consists of concentric thick, and almost regularly spaced lines
-like ridges, with rounded backs, well pronounced being separated by relatively deep furrows;
the new concentric line s appearing mostly by bifurcation which is not rare (PI. XXIV, Fig. 9).
Internally, pseudodeltid ium in the brachial valve small, both propareas elongate transversely,
narrow and a little elevated above the valve floor (PI. XXIII , Figs 1-10); median plate medially
deepened . its anteri or edge unmarkedly thickened ; median septum of complex type, very
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unstable in its appearance, composed of a median, thickened vertical plate, occupying usually,
about a half of the valve length or slightly more, sometimes being very short; it bears a sur
mounting plate of a varying appearance. A typical form of this plate is like a trigonal entire
or flabellate plate, greatly widening anteriorly, with spinose (in old specimens spikose marginal
ends , and /or a few of ranges on the under side (PI. XXVI, Fig. 1; Text-fig. 35). Septum starting
some distance from the beak , in the posterior third of the valve, sometimes, a thickened platform
like small elevation at the posterior end of septum occurs (PI. XXIII, Fig . 8). Often very great
deformations of septum are observed . Muscle scars practically not visible, sometimes only
the very weak trac es of the cardinal muscles can be discernible, being elongate and slightly
divergent anteriorly (PI. XXI1l , Fig . 8).

Variability. - The shape and outline appear to be stable, only some variations occur
in the shell size, degree of pedicle valve arching in side view, depth of the brachial valve. In
ternally, as mentioned, the median septum is quite changeable, usually in the number of spines,
and the degree of expan sion of the septal plate. The species in easily discernible. Some variations
occur in the appearance of dorsal small propareas, which can be unmarkedly more elongate
or less.

Discussion. - The species is characteristic in its external morphology, distinguished
by the shape and outline of the pedicle valve, and internally by the structure of the "hinge"
margin and septum. It is much like Ephippelasma minutum COOPER, but the pedicle valve is
wider and shorter and the dorsal expanded septal plate is attached by its posterior end to the
dorsal third of the valve floor and supported by a vertical septal plate.

Occurrence. - Late Lower-Middle Ordovician ; Ketrzyn IG -l (1595.5-1602.5 m), Bar
toszyce IG-l (1873.1 -1879.1 m), occurring in a great number of specimens, much rarely re
corded in Goldap bore-hole IG-l (1466.9-1473.6 m), north-eastern part of Poland.

Ephippelasma latior n. sp.

(PI. XXIV, Figs. 1-8; Text-fig. 6)

Holotype : Bp. XV/13t, PI. XXIV, Fig . 8 (pedicl e valve); paratype: Bp. XV/l3v, PI. XXIV, Fig . 4 (brachial valve)
Type locality : Ketr zyn, north-eastern of Poland.
Type horizon: Llanvirnian , Ket rzyn IG -I (1595.5 m).
Derivation of the name: Lat . latior - broader in compari son to Ephippelasma spinosum n. sp.

Diagnosis. - Like Ephippelasma spinosum n. sp. but much lower and wider , dorsal pro
pareas smaller.

Material. - Eight pedicle and two brachial valves, separate, well preserved.
Approximate dimen sions (in mm):

I I
Width I

Bp. XVI Length Ianter. I poster.

13t

I
1.4

I
1.4

I
0.5 holotype (pe-

-
dicle valve)

Bp. XVI I Midlength I Width

13v I 1.0 I 0.8 paratype (brach ial valve) I
7 - P alaeontologia Polo n ica No. 28
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Fig. 35

Ephippelasma spinosum n. sp. (Ke t rzy n [G- I, 1595·5 m). / -7 - inte rn a l view of seven brachial va lves, so me vari ab ility
o f a median septum showed, 4a - sur mo unt ing, plate view, 711 - surmount ing plat e we ll preserved , Zb - un der sid e

view o f surmo unt ing plat e show ing ma ny sp ines (s. sp. ).

Description. - Pedicle valve in the outline of short but wide conus ; int erearea marked
by its slight flattening and somewhat wavy appearance, valve moderately arched in side view,
umb o pronounced a littl e incurved (PI. XXIV, Figs. 7,8); pedicle foramen small, round, in
younger growth stage preserving an external pedicle tube somewhat elongated: brachial valve
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weakly arched, the deepest about midlength. Shell surface covered by quite distinct, thickened
and regularly spaced concentric macrolines.

Interior. Ventral interior without traces of internal details. In the brachial valve both
propareas sma ll, tri gonally out lined; median plate concave, relatively lar ge (PI. XXIV, Fig. 4) ;
median septum beginning in the posterior third of valve, slightly merging at its posterior end in
a somewhat thickened platform, separa t ing the median plate from septum ; median septum rather
large, th e surmo unting plate of flabellate appearance with deep inci sion s, the margin al digitate
processes quite thick , no und erside processes are ob served ; vertical supporting plate short,
extend ing to ab out half length of the surmount ing plate ; traces of muscle scars not visible, some
very weak deepenings could suggest the cardinal mu scles.

Discussion. - The collection includes a few pedicle valve s of slightly differentiated size
(PI. XXIV, Figs. 5-8), they a ll preserve, independently of the general valve dimensions, the same
shape and outline, thi s suggesting that the relatively short but wide cone is a stable feature
characterizing the newly erect ed species. In addition, the arching in posterior third of valve,
occurring also in Ephippelasma spinosum n. sp ., is well marked in the considered specimens,
and it seems to start usuall y in valve s about a half of the average adult valve length. The re
duced pedicle valve length almost equal to the greatest valve width in the anterior part of valve
is a distinct feature, distinguishing quite well the above specimens from the other members
of Ephippepi sma. It is, in all probability, a good taxonomic difference.

Occurrence. - Late Lower-Middle Ordovician ; Ketrzyn IG-l (1595.5-1602.1 m) , Bar
toszyce IG- I (1873.1-1 879.1 m), Jezioro Okragle IG-l (940.1 m) , north-eastern Poland.

The specimens have been found at a depth of about 1595.5 m together with rare Myotreta
crassa GORJ. and Sc aphelasn ia subquadratum n. sp. Similarly shaped and outlined pedicle valves
have been al so found in th e erratic boulder from Jaroslawiec (No. O. 247), the exact age
of which is unknown, supposed ly can be Late Middle or Early Upper Ordovician judged
to be Caradocian or ?AshgiIlian .

Ephippelasma cf. spinosum n. sp.

(pI. XXV ; Text-fig. 36)

Material. - One pedicle valve , one brachial valve and on e incomplete shell with both
valves closed, but pedicle valve damaged in its posterior half.

Description. - The pedicle valve is similarly conical as that in Ephippelasmn spinosum
(PI. XXIII, Fig. 11), differing somewhat in having less wavy interarea and the young valve
is similarly superimposed on the adult valve as in M yotreta crassa GORJ. (PI. XV, Fig. 5).
The concentric macrolines are very distinct, like concentric ridges, and very regularly spaced
(PI. XXV, Fig. I b). The brachial valve is rather flat , the dorsal umbo a little incurved, propareas
small and th e cardinal muscle sca rs well marked, elongate and slightly divergent anteriorly.
Median septum of complex type , the support ing plate appears to be quite long, th e surmounting
on e a little asymmetrical in outline, with marginal spinose processes, a few occurring on the
under side (PI. XX V, Figs 5-6), exte nding very far anteriorly.

Discussion. - Th ere ar e similarity and some small differences betwe en the above mentioned
form s and Ephipp elasnia spinosuni sp. novo Th e difference s concern the ventral int erarea , which
is narrower in E. cf. Sp i I/OS UlII , the superimposed young valve a little larger a nd th e cardinal
7*
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muscle scars elongate and well marked , th ose in E. spinosum not observed (Pl. XXV, Fig. 5).
Also th e median sep tum is slightly different but it is not possible to state whether its appearance
is a consta nt feature. Thi s elemen t is, in genera l, very variable a nd can not be, unfortunatel y,

A

1mm

B c

Fig. 36

Ephippelasma cf. spinosum n. sp. Er ratic boulder, No. O. 247) A-C inte rior view of one adult brach ial valve
to show media n scptum wit h pa rtly pre served surmounting plate ; Ill . p . median plate, pp . proparea.

choosen as a highly typi cal septum for th e spec ies. It is very possible that th e discussed specimens
represent a new species, thi s can not be, however , decided at present.

Occurrence. - Erra tic bo ulder No. O. 247, Jaroslawiec, Balti c coast , Poland. The age
not exac tly known , ?Late Middle or Early Up per Ordovician .

?Ephippelasma sp .

(Text-fig. 13)

M aterial. - T wo minute brach ial va lves, prese rving median septal plate.

Description. - These valves illust rate the interestin g modification of th e median plate
(vide p. 40). Th e valve is thin-she lled , - ca lcareo-phospha tic ; median septa l plate well de
veloped in compa rison to the who le size of th e valve, expa nded an terio rly and laterally, bearing
spine-like marginal a nd underside pr ocesses. These are quite lon g, arr anged in three to four
rows, and divergent in different direction s. T his plate is un supported a nd can represent th e second
di fferentiated type of septum (vide p. 41), being attached to th e va lve floor onl y at it s posterior
end (Text-fig. 13). It is pr ob abl e, tha t the spines, which are here supposed to be hollow are
character istic of yo unger growth sta ge and with progeressing ind ividual age become digitate
as in sensu Ephippelasma 111 inufu111 COOPER (1956, PI. 17A, Figs. 12-14). Pedicl e valve is
unkn own.

Occurrence. - Erratic boulder No. O. 418, Miedzyzdroje, Balti c coast , Upper
Ordovician , Ashgillian age.



ORDOVICIAN IN ARTICULATE BRACHIOPODS

Family ACROTHELIDAE WA LCOTT & SCHUCHERT, 1908

Genus ORBITHELE SDZUY, 1955

(Type species: Discina contraria BARRA NDE, 1868)

OrbitheIe bicornis n. sp.

(PI. XXVII , Figs. 1-3; Text-fig. 37)

Holotype: Bp. XV II k , PI. XXVlI , Fig. I (pedicl e valve).
Type locality : Wysoczki, Holy Cro ss Mount ain s, Poland.
Type horizon: Tremadocian (chalcedonites) .
Derivation of the name: Lat . bicornis - two horned .

101

Diagnosis. - Small, almost quadrate to subpentagonal in outline, with two long spike-like
processes on the apex.

Material. - Four pedicle val ves, one probably brachial, very thin and partly damaged.
Approximate dimensions (in mm):

Length
Width o f Length of

Bp. X VI apex to ~o rsal I ape x to ~en l ra l pedicle foramen pedicle Iorarncn
margrn ma rg in

----- - --~-- - .- -- - -- --- ----

Ik 0.48 0.48 0.03 0.1
Ip 0.40 0.50 0.02 0.1

- -

Description. - Small, very widely subconical, almost quadrate to nearly subpentagonal
in outline, anterolateral margins very rounded, posterior margin almost straight (PI. XXVll,
Fig. 1), posterolateral angles well marked, anterol ateral onl y sometimes di stinguished, pseudo
interarea deltoid , flattened , in general not very distinctly defined, st ra ight or moderately concave
in profile ; ?pedicle foramen len s-like, of slightly va rying length , occupying about two-fourths
to one-third of the pseudointerarea height , sta rt ing slightly beneath the apex, opening to the
valve cavity by a small internal tube occupying about two posterior thirds or a half of the pedicle
foramen length (Text-fig. 37). One of the characteri stic features of the species are the spike-like
long processes, more divergent or less dis tally , sometimes very much (PI. XXVII, Fig. 3;
Text-fig. 37), placed on two small apical elevations, con stituting the highest points of the valve,
on both sides of posterior end of the pedicle slite , some distance posteriorly and laterally from it.
These spikous processes seem to be quite long,judging upon their thickness (PI. XXVll, Fig. 3b),
serving, in all probability; to anchor the shell. The di stance between the spikes is changeable
and appears to be related to th e individual age of specimen, being larger in younger growth
stage. This being evidenced by the outline of pedicle foramen which is, in specimen possessing
widel y placed spikes, slightly larger and oval in outline (PI. XXV, Fig. 3a).

Ornamentation con sists of quite distinct concentric lines, very regularly arranged on the
valve surfaces, more densely spaced on the apical part of the pedicle valve, accumulating around
two spikes, the concentric lines being straight, only sometimes slightly wavy in appearance.
Interior of the shell not studied, the details of internal structure being not preserved.

Discussion. - All valves are young, evidence of this are the very small size of valves
which, in addition , are thin-shelled, and the appearance of pedicle foramen and tube. Pedicle
foramen is, in young specimens, large, lens-like, being with progreessing growth steeply sealed
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Fig. 37

Orbithele bicornis n. sp. (Tremadocian chalcedonites, Wysoczki). 1, 2 - two specimens of pedicle valve from exter ior
to show two spinose protuberances and subapical fora men ; p. f ?pedicIe foramen , t , sp trace of spike.

on the posterior half or third by an appearing tube (Iistrium). In consequence, it is smaller
and much less elongate, occupying in adults the anterior half or third of the form er foramen.
It seems that atrophy of pedicle, in full adult age or in senility, could not occur, and the pedicle
remains comparatively thick and short. Although the specimens are not adult, they are of very
characteristic appearance, being intermediate between the genu s A crotliele LlN NARSON and
Orbithele SOZUY. They are very close to the first genus in having the apical external processes
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(a feature of generic rank for Acrothele; ROWELL, 1965, p. 280), the se in our specimens being
more pronounced, distantly placed and distinctly divergent anteriorly. The valve outline, the
marked flattening of the interarea in the pedicle valve and the developed pedicle tube (listrium)
make our specimens very close to Orbithele. Although the collection is very poor, the discussed
specimens are judged to represent a new species, the more so, as the differences are quite distinct
and can be of specific rank. 1n comparison to Orbithele contraria (BARRANDE), described from
the Lower Tremadocian of Czechoslovakia (BARRANDE, 1868, p. 104, Fig. 72), our species is
of smaller size, ventral apex lies slightly more centrally being supplied by two distinct, quite
long spikes at some distance from one another. Similarly, two fragments of pedicle valves of
Orbithele from the Tremadocian (Thysanoto s siluricus Zone) of Estonia, figured by GORJANSKY
(1969, PI. 13, Figs. 8,9), preserve the lens-like track of the ?pedicle foramen and traces of con
centric lines, the valves are, however, thick-shelled and the apical processes smaller and closer
to one another.

Occurrence. - Tremadocian chalcedonites, Wysoczki , Holy Cross Mountain s, Poland

Superfamily DISCINACEA GR AY, 1840
Family DISCINIDAE GR AY, 1840

Subfamily ORBICULOI DEI NAE SCHUCH ERT & LE VENE, 1929
Genus ORBICULOIDEA D'ORBlGNY, 1847

(Type species: Orbicula fo rbesi D AYIOSON, 1848)

Orbiculoidea ? subovalis n. sp .

(PI. II1, F igs. 8- 14 ; Tex t-fig. 38)

Holotype: Bp. XV/ 65 m, PI. Ill, Fig. 14 (brachi al valve).
Type locality : Wysoczki , Ho ly Cross Mountains, Poland .
Type horizon: Trcrnadocian (cha lccdo nites) .
Derivation of the name: Lat . subovalis - subova l in o utline.

Diagnosis. - Almost oval in outline with a beak lying poste rio rly, almost submarginal
111 position.

Material. - Eight almost complete brachial valves and two very small fragments of
valves; valves phosphate, translucent , very thin.

Approximate dimensions (in mm) :

Width

Bp. XVI

65n

Length

2.0

poster. anter.

1.8 1.3

Description. - The valves are thin-shelled , small, to a bout 2 mm long, elongate-ova l
in outline, more narrowed anteriorly than po steri orl y (the valves being somewhat egg-like), beak
submarginal, distinctly posterior to the middle of the valve; valve onl y moderately con vex
in profile, the most pronounced convexity in the umbonal region (Text-fig. 38).



104 GERTRUDA BI ERN AT

Ornamentation consists of concentric lines, wea kly preser ved , rather regul arly spa ced
all over the valve surface, except for the umbonal parts which are smooth. In the dorsal interior
are faint ly marked two diverging line s (pallial sinuses ?), a rising at th e apex of the valve con
tinuing anteriorly, in general slightly arcuate in appeara nce.
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Fig . 38
Orbiculoidea Tsubovalis n. sp. (Tremadoeia n ehalcedon ites, Wysoczki). A- D exter ior, interior (A 2) and side views of four

different specimens par tly prese rved.
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Discussion. - The discussed valves have a cha rac teristic appea ra nce, th e marginal limbus
marked in the posteri or third of the valve and the apex constantly submargina l. U nfortuna tely,
th e pedicl e valve is not preserved (not found afte r etching) and no detail s are seen in th e interio r
of th e thin dorsal valves. In addition, under the apex something like a narrow, short furrow
is marked , seen due to th e accumulation of concentric lines (Tex t-fig. 38A 1) . T he co ncentric
lines rather thi ck , well marked , but afte r etching not well preserved. Th ey seem to be of lam ellar
appearance.The generic status of th e above speci mens remain s doubtful ; on the base ofth egeneral
outline a nd submarginal dorsal beak , th ey a re tentatively assigned to th e genus Orbiculoidea.
The Tremadocian chalcedonite va lves are similar to th e st ill ba dly kn own genus Oxlosia U L
RICH & COOPER (1938, p. 69, PI. 6B, Figs. 9, 10; Text-fig. 2), remi nding one of O. perplexa
ULRICH & COOPER, pa rticularl y in th e elongate valve a nd submargina l apex, differin g in some
det ails of th e surface ornament and sma ller size. Our valves in profile are very close to the
Glossella ? umbonata described by GORJANSKY from the Middle Ordovician of th e Leningrad
enviro ns (GORJANSKY, 1969, PI. 8, Figs. 1, 1a), differing in not having a rad ially ornamented
sur face which characterizes the GORJANSKY'S spec ies.

Occurrence. - Tremadocian chalcedonites, Wysoczki , Holy Cross Mou ntain s, Poland.

Orbiculoidea sp.

(P!. IV, Fig. 9)

Material. - On e fragment a ry brachial va lve.

Description. - The va lve is sma ll, length slightly exceed ing I mm. Jt is ro und ly oval in
outline, with apex submargina l, va lve very moderat ely co nvex in profile. On th e sur face the re
occur quite regularl y spa ced, rather distant concentric stro ng lines of a somewha t lam ellar
appearance (PI. IV, Fig. 9). No mor e detail s of th e externa l morph ology or inte rna l st ructure
are preser ved . The general outline and appearance of th e surface co ncent ric lines sugges t th e
genus Orbiculoidea. In compari son to th e Orbiculoidea 'l subovalis from the Tremadocian cha lce
donites, th e con sidered valve differ s in ha ving mor e distantly spaced and thi cker concent ric
lines all over th e valve surface and in being wider in th e anterio r hal f a nd narrowed poste r
iorl y, which is th e reverse of the Tremadocian chalcedonite va lves (co mp . P I. Ill , Fig s. 8-14).

Occurrence. - Lower Ordovician, Volkhov horizon , Suhkrumagi, environs of Tallinn,
Estoni a.

Superfamily SIPHONOTRETACEA K UTORGA, 1848
F amily SIPHONOTRETIDAE K UTORGA, 1848

Genus SIPHONOTRETA VER NEUIL, 1845

(Type species: Crania unguiculata E ICHWALU , 1829)

Siphonotreta aerotretomorpha GORJANSKY, 1969

(PI. XX VII, Figs. 4-10 ; PIs. xxvnr, XX IX, XXX, Figs. 6-8 ; Text-fig. 39)

1969. Siphonotreta acrotretomorpha G ORJ ANSKY sp, nov. ; V. GORJANSKY, Bezzamkovyc brachiopody ..., p. 85, PI. 14,
Figs. 6-9.

Material. - Thirty pedicle and brachial valves, not complete, many fr agments.
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Approximate d ime nsions (in mm) :
- ~----- -- -

Width
- - - - - -- - -

Bp. XVI Length
midlength

I I
pos ter. anter.

--- - - - --

if 0.9 1 1.17 0.7 0.86 pedicle valves
19 1.0 1.22 0.97 0.98
1h 1.0 1.0 0.75 0.86

--- - ----- - -

Width

Bp. XVI Lengt h

I I

Size of pc-

midlength poster. anter. dicle foramen

-

1 i 0.7 0.97 0.7 0.75 0.08 brachial valves
1m 0.6 0.8 0.6 0.66 0.1

---

Description. - Sma ll, length not exceeding 3 mm, ventri-biconvex , roundly subconical
in o utline, wide r t ha n lon g ; lat eral , postero-l at er al margins and antero-lateral angles well
rou nd ed . Ped icle va lve mode ra te ly subco nica l, apica lly a rched in p rofile , moderat ely lowering
a ntcr io rly. ped icle forurncn a pica l, ope ning by a sho rt tube to th e va lve cavity (Text-fig. 39),
remai ning ro und or slight ly elo nga ting a nd chang ing in size during th e growth , as a rule boun
de red o n the ventral side by sem iro und , slightly bulbous thickening ; this thickening in smaller

B

..v,
".

..... : .c
II
~···~ · · ".

(_}~X" ' . .

--2 ~
. . .. " ".:.,..: '. : '..: :.: :~.':.:: :", :-' . ' . .

O.5mm

A

.. ' .. .
' . - . ".: .

. . : .. , " . : : : : ..:: ". : .. .' ., ", : . .

I- O.5mnl
t.p.t. ____

Fig. 39

Siphonotreta acrotretomorpha G ORJANSKY (Trema docia n chalcedonites, Wysoczki). A, B pedicle valve interior and in
profiles; C appeara nce of pedicle foramen ; e. p. t. external pedicle tube, ill. interraea, p . f pedicle foramen, t. p . t . trace

of pedicle tube marked due to th e tran spar ent interarea.
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valves is often marked as a more distinct or less line encircling the ventral side of the thin apiral
part of the valve (PI. XXVIII, Fig. 6) ; the external edge of the foramen usually only a little
projecting upwards and thickening with time; pseudointerarea nearly apsacline to procline,
flattened, high in comparison to the general shell size, constituting about one-third to one-fourth
of the whole valve length, the covering horizontal lines thickened, to a varying degree, continue
on the remaining valve surface. Brachial valve is, in general, moderately convex, with the greatest
convex ity on the posterior valve third; pseudointerarea low, occupying almost two-thirds of
the whole valve width, overhanging the posterior margin of the valve, slightly concave in its
median part.

Ornamentation. All shell surface is covered by concentric lines, partially thickened, looking
somewhat as discontinuous. The surface spines are hollow, arranged alternatively in rows,
occurring also at the postrior margin of the shell (PI. XXVII, Figs. 9, 10; PI. XXVIII; PI. XXIX,
Fig. 3), where they are often curved like in productellids. In addition, at the posterior margin
of both valves can occur few flattened and elongate protuberances of differentiated length and
thickness (PI. XXX, Figs . 7, 8). On the remaining shell surface the hollow spines are almost
straight, as can bejudged from their fragments preserved in different length. In smaller (younger)
shells to about 1·3 mm long the spines are almost regularly spaced , their diameter being much
the same for all on the whole shell surface (PI. XXVII , Fig. 8). With progressing growth the
arrangement of spines is less regular and their diameter varying.

Discussion. - The collection comprises specimens ranging in length from 1·3 to 3 mm.
Smaller valves (both pedicle and brachial) are circular, the length being equal to the width
(PI. XXVII , Figs. 3,4). The larger specimens are wider, subtransverse in outline, the ventral
apical part slightly arched in profile and the surface spines anteriorly slightly differentiated in
their diameter. The pedicle foramen relatively large in small specimens, remains with growth
round and proportionally large (PI. XXVll ,Figs. 4, 6; Text-fig. 39). In the available specimens
some variability occurs in the size of the pseudointerarea, size of the pedicle foramen and in
the height of the pedicle valve. Our form is very close to Siphonotreta acrotretomorplia GOR
JANSKY (1969, p. 85, PI. 14, Figs. 6-9) in its general appearance, especially in the shell outline
and shape of the pedicle valve. The differences lie in the much smaller size of our species, round
foramen which, with progressing age, becomes much smaller, shell width greater than length.
It is also near "A crotreta" spinosa WALCOTT (1912, PI. 39, Fig. 4). WALCOTT'S species possesses
thread-like radiating striae, more or less irregular, bearing on their backs the elevated, elongate
and very fine spinous protuberances. The general shell size is similarly minute and the pedi
cle foramen roundly outlined.

Occurrence. - Tremadocian chalcedonites, Wysoczki, Holy Cross Mountains, Poland;
West Estonia, environs of Paldiski (Thysanotos siluricus Zone).

Siphonotreta cf. verrucosa (EICHWALD, 1840)

(PI. XXX, Figs . 1-5)

1969. Siphonotrcta verrucosa (EICIl W ALD , 1840); V. J. G ORJANSKY, Bezzamkovyc brachiopody ... , p. 87, PI. 15, Figs. 1, 2.

Material. - Twenty fragmentary pedicle and brachial valves, many small fragments
of valves with preserved surface spines.
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Approximate dimensions (in mm):
--_._~--

Bp. XV I Length Width
----

8e 1.5 lA br achi al
8a 2.0 1.9 va lves
8d 1.8 lA pedicle
8c 2.0 1.8 va lves

---~----~---

Description. - The incomplete valve s are moderately convex in profile, round in outline,
length to a varying degree exceeding width ; apex of both valve s slightly pointed , that of the
pedicle valve a little more ; dorsal pseudointerarea from the interior slightly concave, with
horizontal growth lines; pedicle pseudointerarea larger two or three times, similarly covered
with horizontal lines; pedicle foramen circular or almost circular, apical, continuing antero
-dorsally as a tube, thi s being of differ ent length, usually slightly narrowing anteriorly. Shell
surface covered by spines of two sizes - the larger ones arranged in a so mewhat quincuncial
pattern on the younger part of shell, and the smaller ones forming the concentric arrays, the
first usually appearing at a distance of about 1·5 mm from the beaks.

Discussion. - The specime ns from Tremadocian chalcedonites a re extremely clo se to
those of Siph onotreta verrucosa (Ercnw.), figured by GORJANSKY (1969, PI. 15, Fig s. 1,2) and may
belong to this species. Thi s simila rity is mainly expressed in the outline of shell, pattern of surface
spines as also in the appearance of the pedicle foramen and the pedicle tube. The exact, however,
assignment of our specimens must remain in doubt as it lacks complete shell s in more advanced
adult stage. Not very much information is obtainable from the collection at hand, especially
about the shell interior of the considered species and also about more detail s of the morphology
in adult stage.

Occurrence. - Tremadocian chalcedonites, Wysoczki , H oly Cross Mountain s, Poland;
Lower Ordovician, USSR, north-eastern part of th e Russian Plat form, environs of Leningrad
(Kunda horizon) ; Estonia (Volkhov horizon , rather rare) ; Czechoslovakia.

Genus ALICHOVIA GORJA NSKY, 1969
(Ty pe spec ies : Alichovia ramispinosa G ORJ ANSKY, 1969)

Discussion. - The genus wa s erected by GORJANSKY (1969) for the spiphonotret ids which
po ssess thin shell and muItibifurcated sur face spines, the spines being very scattered, arranged
in quincuncial pattern on the shell surface. Thi s peculiar feature has been recently stated in two
species of Middle and Lower Ordovician age (GORJANSKY, 1969 ; BIERNAT, 1971). Unfortunately,
the whole material concerning the genu s is very poor, it does not illustrate sufficiently the ex
ternal morphology and gives no information on th e interior of the shell. It is a rare genus (GOR
JANSKY, 1969, p. 97), in addition poorly preserved, mo stly in fragments (BIERNAT, 1971) and
displays a very th in shell. The available characters of th e external morphology such as shell
outline and shape, appearance of the ventral apical part and pseudointerarea of both valves ,
make the genus very clo se to the other members of siphonotretids. The multibifurcated surface
spines are one of the valuable differing characters on the generic level.

Age: Lower-Middle Ordovician.
Species assigned : Alich ovia ratnispinosa GORJANSKY, Middle Ordovician , Estonia, USSR,

Russian Platform ; A. analogica n . sp ., Lower Ordovician , Holy Cross Mountains, Poland.
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Alichovia analogica n. sp.

(PI. X XXI , F igs. 1-6 ; PI. XX XII )

1971. TS iphonotreta sp.; G . BIERNAT, On branche d surface spines ... , p. 83, PIs. I , 2, Fig s. 2-5.

Ho lotypc: Bp. X III / 12. figure d on PI. I , F ig. 1 (BIERNAT. 1971).
Type locality : Wysoczk i, Holy Cross Mountains. Poland.
Type horizon : Tremad ocian (cha lcedon ites).
Derivation of the name: La!. analogicus - a na logous to the type species Alichovia ramispinosa GORJANSKY, 1969.

Diagnosis. - Small , thin-shelled , phosphatic siphono tret id, gently biconvex, with a small
dorsal overhanged pseud ointcrarea , widely rounded, wide r th an long, surface spi nes sca tt ered ,
multibranched.

Material. - Four a lmos t complete br achial va lves with preserved bifurcating spines,
a number of fr agm ent s of va lves or separated multibifurcated spines.

Approximate dim en sion s (in mm) :

holot ype1.5

Len gth I Width----- 1- - -
2
-.
0
- -

- - --
12

Bp. X lI II

- --- ---c- - --- -- - - - _. - _.

Description. - The available brachial va lves are inc omplete and not in full adult stage.
The valves are of sma ll size, not exceeding 1·5 mm in length , ext reme ly thin , th eir pseudointerarea
in this stage is na rrow, slight ly concave medianly, th ickened , covered by line s parallel to the
po sterior end, usually occupy ing a half o r more of th e whole va lve width, ove rha nging the
poster ior ma rgin of th e va lve (th is is especially well mark ed as th e va lve is co mparatively
deep on its posteri or th ird), the p ropareas slightly marked bein g some wha t eleva ted up wards.

Ornamentation is cha racteris tic of the genus , composed of sur face hollow spines very
sca tte red a nd ar ra nged in a quincuncial pattern , ramifying to a va rying degree, depending much
up on the grow th stage of shell. The spines ar e lacking on the most posterior part of th e va lve,
corresponding to th e prot egulum. I n general, th ey are stra ight, only slightly at first anchylo sed
to th e va lve surface, th eir d iam eter , length and the degre e of inclining (bend ing) enla rging pro
gre ssively with th e advancing growth (comp. p. 33, PI. XXXI , Fi gs. 1-6 ; PI. XXXII ; BIERNAT,
1971 , Pi s. 1,2, Text-figs. 3, 4). Although th e sp ines va ry so mewhat in size and, to some extent,
in mod e of their ramifi cation in specime ns of the a lmost th e same individual age , they preserve
almost the same charac ter - thi s is al so ob served in Aiichovia ram isp inosa (G ORJA NSKY, 1969,
p. 98). The pa tt ern of spines in A lichovia differs from th at in the other sipho no tret ids, as Sipho
notreta verrucosa (EICH WALD) or Multispinula ROWELL, 1962, in which th e spines are usually
different iated int o two d istinct size and form a1Tays of fine and larger spines . 1n addition to the
surface spines, th ere occur usually two margi nal on es at th e postero-lateral an gles of th e va lve,
slight ly con vergent or divergent, curved and direct ed upwards, somewha t like in productellid s
or pr oductids (M UIR-WOOD & COOPER, 1960).

Discussion. - Our species is, in th e appear ance of th e surface sp ines, very clo se to Ali
chovia ratn ispin osa GORJANSKY wh ich , in addition to their multiramification, are very scattered
on th e she ll surface. M ore detailed comparison in th e other features of the exte rn al morphology
and int ernal st ructure can not be made du e to the sca rce material, it s unfortunately bad sta te
of p reservation , lack of the pedicl e valves and , genera lly, young individual age of the avail able
brachial va lves. The nature of the shells from Tremadocian chalcedonites shows th at they are
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members of the genus Alichovia GORJANSKY. Although more complete material is lacking,
the discussed specimens are con sidered here as representing a new species, which differs from
A. ramispinosa GORJANSKY in the st ratigraphical age and in being probably of smaller size in
adult stage. There al so can occur some differences in the mode of the spine ramification.

Occurrence. - Tremadocian chalcedonites, Wysoczki , Holy Cross Mountains, Poland.

Genus HELMERSENIA PANDER , 1860

(Type species : Siphonot reta ladogensis JER EMEJEV, 1856)

Helmersenia cf. ladogensis (J EREMEJ EV. 1856)

(pI. XXXIII , Figs. 1-7; Text -fig. 40)

1969. Helmersenia ladogensis (JEREMEJEV , 1856); V. J. GORJANSKY, Bezzamkovye brachiopody... . p. 99, PI. 19, F igs. 1-21.

Material. - One almost complete pedicle and two brachial valves, many fragm ent s of
particular valves.

Approximate dimensions (in mm):

Bp. XVI I Length I Width

2a 4.8 15.0 pedicle valve
2c 3.8 4.2 I brachial valve

0.5 m m

c

---=-

B

~
~

A - ,
....

.... .... ,.. - ,

" I ".... I ,
....~ ,

.~~
Fig . 40

Helmersenia cf. ladogensis (JEREM EJEV) (Tremadocian chaIcedonites, Wysoczk i). A-C details of the posterior part of
shell; A interior view of pedicle tube ; B exterio r view to show pedicle foramen ; C app earan ce of dor sal prop areas.

Description. - The material is scarce and poorly preserved. The appearance of th e valve.
its transver sely elongate outline, irregularly spaced hollow spines, slightly elo ngate pedi cle
for amen with po sterior part lying at the apex of the valve, the most posterior end of th e apex
forming some th ing like a lip to foram en, slightly curving dorsally make thi s spec ime n quite
characteri stic: pedicle foramen opening to th e val ve cavity, it s internal wall s slightly thickened .
bein g sea led by the later shell material ; pseudointerarea small, slightly ap sacline, with
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horizontal covering lines. Dorsal beak small , marginal weakly incurved , pseudointerarea small
with lines parallel to the posterior margin. All shell surface covered by small fragment s of
small hollow spines, rather densely spaced, all of almost equal diamater at their basis.

Discussion. - Externally, the above specimens are very clo se to the Lower Ordovician
H. ladogensis (JEREM EJEV), with the difference that our specimens are comparatively much smaller
as they represent a not advanced individual age , pedicle foramen being larger, probably due to
the growth stage which they attained and the shell outline is slightly less tr an sverse.

Occurrence. - Tremadocian chalcedonites, Wysoczki , Holy Cross Mountains, Poland ;
USSR (Pakerort horizon), environs of Leningrad ; Estonia ; Thysanotos siluricus Zone.

Superfamily CRANIACEA MENKE, 1928
Family EOCON ULI DAE ROWELL, 1965

Discussion. - The family still remains, from the aspect of its systematical po sition , much
controversial. It was regarded by, among others, COOPER (1956, p. 282) and RowELL (1965,
p. H29I), as a member of the superfamily Craniacea, being on the other hand tr eated by GOR
JANSKY (1969, p. 107) as a family of incertae sedis. There is st ill not enough data to finely discu ss
this problem in detail. The specimens of the above family are known from the brachial valve
only and these occur, as a rule, in a great number. The pedicle valves not found, up to now ,
could possibly be entirely organic as in some craniids, e.g. Philledra KOK EM. This is one of the
reasons for including the above family into the craniaceans. The relat ion ships of eoconulids
to the other Inarticulates are still unclear. The protegular portions of valve of Eoconulus displae
surface excavations, but their pattern appears to be not comparable to that of acrotretaceans,
the origin of the protegular elements being different (BIERNAT & WILLlAMS, 1970, p. 499). This
fact excludes the se fossils from the acrotretaceans. GORJANSKY (1969, p. 108), on the ba sis
of the eventual differences in the shell structure, was inclined to interpret the very similar shape
and outline of eoconulids to that of craniids as a matter of convergence ; thi s is very po ssible.
In this paper, the famil y Eoconulidae is only tentatively included into the Craniacea .

Age: Ordovician.

Genus EOCONULUS COOPER, 1956

(Type species : Eoconulus rectangularis C OOPER , 1956)

Discussion. - The most changeable features are the shape and outline of the valve and,
to a lesser degree, the appearance of the umbo. The pattern of the surface ornamentation can
have also, in all probability, some value as a specific feature (vide p. 32). The few known mem
bers of the genus are quite well defined and are distinct species. Thi s is du e to the many com
binations of the few above mentioned features. The type specie s of the genus -- E. rectangularis,
is characterized by well marked marginal angles (COOPER, 1956, PI. 1011, Figs 11-13); E. transver
sum described by WRIGHT is very subquadrate in outline (WRIGHT, 1963,PI. 3, Fig s 4, 8) ; E. cryp
tomyus GORJANSKY pos sesses valves almost quadrate and umbo stra ight; E. sem iregularis n. sp.
has an umbo much pointed, well incurved po steriorly.

Age: Ordovician.
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Eoconulus cryptomyus GORJANSKY, 1969

(Pis. XXX IV, XXXV ; PI. XXXV I, F igs. 9, 10)

1969. Eoconulus cryptomyus G ORJ ANSKY sp, nov .: V. J. GORJANSKY, Bczzarnk ovyc brach iopody ..., p, 108, PI. 20, Figs. 5-8.

Material. - Ten va lves well p reserved , majo rity of th em with th e ap ica l part damaged ,
man y larger or sma ller frag ments of va lves.

Description. - Small , length a nd width of spec ime ns in th e ava ilable coll ect ion not
exceed ing 1-4 mm . Va lves a re wide ly conical , with umbo placed almost centrally, sometimes
posteri or to mid val vc, the ir o ut line commo nly gua dra te or a lmost so ; po sterior margin usually
more st ra ight o r less, a ntero late ra l and posterolat eral margin s a nd ext rem it ies rounded.

Ornamentation co ns ist ing of concentric thickened lines of almost equal thi ckness and wa vy
appea ra nce, as a rul e, den sely a rra nged and especially distinctly marked on th e boundary of
the most apical part of val ve, corresponding to the protegu lum and the adu lt va lve (PI. XXXV,
F igs. 2, 3); the pattern of surface ornamentation is not the sa me in different parts of valve. On
its posterior third of th e va lve th ey are quite regularly arranged around the apex, be ing in mo
derate way a litt le wavy. On the more adult part of th e valve the concentric lines occur in di stinct
strips (a rrays), onl y a littl e va rying in width , two st rips connected by a range of sma ll processes
(PI. XXXV, Fig. I). The co ncent ric line s on each strip a re usall y di scontinuous, not parallel
o ne to the othe r, a rra nged in so me thing like sho rt bundles (PI. XXXIV, Fig. 5; PI. XXXV,

.F ig. 1), in which th e new ones appear mo stly by br anching, much rarely by int ercalation. In
so me parts of valve th e pa ttern of orn amenta tion is highly irregular, making an impression
of so me disturbat ion whic h co uld have place during th e life of animal. In addition , macroscopi
cally, th e sur face orname nt look s ra ther regular, th e concentric lines bein g a lmost of th e same
thickness. T he a ll me nt ioned deta ils of orname nta t ion ha ve been stated by the elect ro n mi
crosco pe (co mp. p. 32). The a pica l part is in well preser ved spec imens , covered by very regula r,
extreme ly sha llow an d flatbottomed circular pits bounded by the thickened rid ges ; th ese pit s
being not co mpa ra ble with th e pit s in ac ro t retids (BIERNAT & WILLlAMS, 1970, p . 499).

Variability. - The specimens of thi s species are of a lmost sta ble appearance, even the small
va lves be ing almost of th e same outline and sha pe as the larger ones. Some small variat ions
concern th e o utline of th e va lve and , to some extent, th e appearance of the apex, which can be
more pronounced o r less, sometimes considerably widened and low.

Discussion. - The specimens of this species are sm aller, have m uch th inner shell in
compari son with th e typ e species - Eoconulus rectangularis COOPER, and differ from E. transver
S lI/ l1 WRIGHT in being more quadrate in out line.

Occurrence. - Lower Ordovician , Volkhov horizon , Suhkrumagi , West Estonia ; Middle
Ordovician (Tall inn horizon), North-west of th e Ru ssian Platform.

Eoconulus semiregula ris n . sp .

(PI. XXXVI, Figs. 1-8)

Holotype: Bp. XV/6s, PI. XXXV I, Fig. I.
Type locality : Jaroslawiec, Baltic coast.
Type horizon: Probably Upper Ord ovician, er ratic boulder No . O. 247.
Derivation 01 the name: Lat . semi - a half, regu laris - regular ; a lmost regular in outline.
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Diagnosis. - Small, roundly outlined, length not/or a little only exceeding the width,
umbo much pronounced, placed more centrally.

Material. - Twenty valves, well preserved, entire.
Approximate dimensions (in mm):

Bp. XV I

6s
6t
6u

Length

1.3
1.3
1.3

Width

1.1
1.3
1.35

Umbo di stance from
posterior valve end

0.3
0.2
0.36

- - _._ ------- - - - - - -

Description. - Small, roundly outlined, length equal or only slightly less than width;
umbo pronounced, slightly incurved, placed very near to the central part of valve, lateral margins
more arcuate or less, the posterior margin almost straight.

Ornamentation consists of widely arranged, concentric, distinct lines, sometimes thickened,
of somewhat lamellar appearance, quite regularly spaced. No internal details are preserved.

Discussion. - The specimens are characterized by the valve margins rounded, the lateral
ones being, to a slightly varying extent, arcuate. The umbo is well marked, being thickened,
slightly incurved posteriorly. The variability occurs but in a very limited degree and concerns
mainly the appearance of the lateral valve margins which can be more arcuate or less, and so
mewhat in the degree of the umbonal part elevation. The species is characteristic although it
displays only a few features. The roundly outlined valve with length almost equal to the width
and the pronounced and slightly incurved posteriorly umbo differs from the other known species
of Eoconulus. In comparison with E. cryptomyus GORJ. from Arenigian, environs, of Leningrad,
USSR, our species possesses more roundly outlined valve margins and the umbonal part less
pronounced, umbo being not incuvred (GORJANSKY, 1969, PI. 20, Figs. 5-8; vide PI. XXXVI,
Figs. 1-5); E. rectangularis COOPER from Pratt Ferry Formation has the marginal angles quite
well marked (COOPER, 1956, PI. lOb Figs. 11-13); E. transversum WRIGHT from Portrane Li
mestone is of irregular outline and very transversely elongate (WRIGHT, 1963, PI. 3, Figs. 4,
8, 12, 13).

Occurrence. - Erratic boulder No. O. 247, Jaroslawiec, Poland, Baltic coast, probably
Upper Ordovician age.

8 - Pala eontologi a Polonlca No. 28
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G. BIERNAT: ORDOVICIAN INARTICULATE BRACHIOPODS

PLATE I

Schmidtites obtusus (MICKWITZ) . . . . . . . . . .. 54
Tremadocian chalcedonites, Wysoczki

Figs. 1-3. Three complete or fragmentary brachi al valves (Bp. XV/66 o-r); Fig. I - approx. /< 22, Fig . 2 - x 55,
Fig. 3 - x 34.

Figs. 4, 5. Pedicle and brachial valves of two different specimens (Bp. XV/66 s-t ), repr esenting the early adult
stage, concentr ic lines partly preserved ; approx . x 62.

Paterula cf. perfecta COOPER. . . . .
Erra tic boulder No . O. 535, Mocht y, environs of Warszawa

Figs. 6-8. One ped icle va lve (Fig. 7) and two brach ial valves almost complete (Bp. XV/6711, v, c) : a ll approx.
x 30.

Paterula sp. . . . . .
Middl e Ord ovician , Kukruse horizon, Estonia

Figs. 9-11. Two brachial valves and one pedicle valve almost complete (Bp. XV/6611, v, z), the concentric lines
partly preserved ; approx. X 28.
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G. BIERNAT : ORDOVICIAN INARTICULATE BRACHIOPODS

PLATE II

Lingulella ef. zeuschneri BEDNARCZYK
Tremadocian chalcedonites, Wysoczki

Figs. 1-2. Two pedicle valves with preserved interarea and pedicle furrow (Bp. XV/62c, a) ; approx. x 22.

Westonia cf. directa GORJANSKY
Volkhov hor izon, Suhkrumagi , Estoni a

Figs. 3-4. Two fragments of pedicle va lves (Bp. XV/62o, s), pattern of the surface ornamentation partly preserved ;
approx. x 25.
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G/yptoglossella Sp. . . . . . . . . . . . . 57
Erratic boulder No. O. 247, Jaroslawiec, Baltic coast

Figs. 5-6. Brachial and pedicle valves of two different specimens (Bp. XV/63 o, r); Figs. 6a - approx. x 34,
Fig. 6b - showing a detail of ornamentation, approx. x 5.

Ectenoglossa exunguis (EICHWALD) .
Erratic boulder, No. O. 247, Jaro slawiec, Baltic coast

Figs. 7-8. Two brachial valves, one very fragmentary (Bp . XV/64o , v); Fig. 7 - approx. x 25, Fig. 8 - approx.
x 35.
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G. BI ERNAT : ORDOVICIAN INARTIC UL ATE BRACHIOPODS

PLATE III

Rowelella sp. 1. . . .
Vol khov horizon . Suhkrumagi, Eston ia

Fig. I. Fragm ent of brach ial va lve (Bp. XV/63 s), concen tric lines regularly d isposed , approx. x 18.

Rowelella sp. 2 . . . .
Trcmadocian chalccdon itcs. Wysoczk i

Figs. 2-4. Three fragments of va lves (Bp. XV/63 z,p, f ) : Figs. 2. 3 - approx. x 20, Fig. 4 - approx. x 48.

Lingulasma Sp. . . . . . . . .
Erratic boulder No . O . 542. Mochty, envi ron s of Warszawa

Figs . 5-6. Two fragmentary valves of d ifferent specimens (Bp. X V /63 u, .1' ) represen ting, In a ll probability,
a brachia l a nd pedicle val ves, a pprox. x 34.

Obolus cf. appolinis EICHWALD

Tremadocian chalcedon ites, Wysoczki

Fig. 7. Fragment of a pedicle valve preserving a ventral interearea and some traces of pallial s inuses
(Bp. XV/64 y ): a pprox. x 54.
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Orbiculoidea ? subovalis n. Sp . . . . . . . . . . . .. 103
Tremadocian cha lcedo nites, Wysoczki

Figs. 8-14. Seven fragmentary o r complete brachial valve s (Bp. XV/65 g-m), umbonal part marked, co ncentric
line s partly pre served ; Fig . 14 type specimen, Fig s. 10-12 - approx. x 22, Fig. 13-14 - approx.
x 25, Fig s. 8-10 - approx. x 20.
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G. BIER NAT: ORDOVICIAN INARTICULATE BRACHIOPODS

PLATE IV

Craniops erratica n. sp. . . . . . .
Errat ic bou lder No . O. 178, Mocht y, environs of War szawa

Figs. 1-6. Six pedicle valves of slightly different size (Bp. XV/23 s, t , 11, V, Z , x ), exterior view; F ig. 5 - type
specim en ; ap prox. x 40.

Figs. 7-8. Inte rior view of two valves (Bp. XV/23 11'. y) ; Fig. 7 - brachi a l valve (para type), Fig. 8 - ped icle valve,
ap prox . x 42.

Orbiculoidea sp.
Volkhov hori zon , Suhkrumagi, Estoni a

Fig. 9. Incomplete brachi al valve (Bp. XV/54), a exterior, b interior views; app rox. x 65.
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G. BIERNAT : ORDOVICIAN INARTICULATE BRACHIOPODS

PLATE V

Ditreta dividua n. sp.
Trernadocian cha\cedonites, Wysoczki

Fig. 1. Brachial valve almost complete but with badly preserved internal details ; interarea and median septal
ridge partly preserved (Bp. XV/37g), paratype ; approx. x 62.

Figs. 2-3. Two partly preserved pedicle valves of slightly different size showing through at the transparent valve
the infilled by the shell substance apical part of the valve (Bp. XV/37h,g); Fig. 2 - type specimen;
approx. x 40.

Fig. 4. Interior of the pedicle valve with a hori zontal platform and an internal pedicle foramen (Bp. XV/37i) ;
approx. x 60.

Figs. 5-8. Apical parts of a few younger pedicle valves in slightly different positions, showing the infilled apical
parts, transparent and preserving the internal pedicle foramen which comunicates with the external
one (Bp. XV/37j, k, I, m); Fig . 5 - app rox. x 55, Figs. 6-8 - approx. x 40.
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G. BIERNAT: OR DO VIClAN IN ARTICULATE BRACHIOPODS

PLATE VI

Paratreta similis n. sp. . . . .
Bartoszyce IG-l (1873.1 m), nor th-eastern Poland

Figs. 1-2. Surface ornamentation view; Fig. 1 - x 2350, Fig. 2 - x 1100.
Fig. 3. Junction-protegulurn and adult shell view; X 1300.
Fig. 4. Protegular pits view; x 2400.

Scann ing electron micrographs.
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G. BIERNAT: ORDOVICIAN INARTICULATE BRACHIOPODS

PLATE VII

Paratreta similis n. sp. . . . .
Bartoszyce IG-t (1873'1 m). north-eastern Poland

Fig. t. Internal view of adult brachial valve (paratype), (Bp. XV/16v) ; approx. x 22.
Fig. 2. Adult pedicle valve (type specimen, Bp. XV/16x); a interarea view, approx. x 20; b ventral slope view,

approx. 27; c interior view, x approx. 27.
Fig. 3. Scanning electron micrograph of adult pedicle valve ; a interarea, b side views ; X approx. 65.

Paratreta sp. . . . .
Tremadocian chalcedonites, Wysoczk i

Figs . 4-5. Two adult valves (Bp. XV/16y, i), almost complete; Fig. 4 - interarea view, x approx. 45; Fig. 5 
side view, x approx. 65.
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G. BIERNAT: ORDOVICIAN INARTICULATE BRACHIOPODS

PLATE VIII

Paratreta similis n. sp.
North-eastern Poland

Fig. I. Interior view of adult brachial valve (paratype, Bp. XV{16v), Bartoszyce IG-1 (1873'1 m); x approx. 27.
Figs. 2-3. Two adult pedicle valves (Bp. XV{16x, 11) ; Fig. 2 - type specimen, approx. x 37; Fig. 3 - apical

view, approx. x 42; Bartoszyce, IG-1 (1873'1 m).
Fig. 4. Adult pedicle valve (Bp. XV{16k) with traces of pallial sinuses preserving a baculate pattern: a interior

view, b exterior view; approx. x 42; Ketrzyn IG-l (1595'5 m).
Figs. 5-6. Two adult pedicle valves (Bp. XV{1611, p); Fig. 5 - a fragment of apical process, Fig . 6 - interior

view of apical cavity; approx. x 42; Ketrzyn IG·I (1595'5·1602 '1 m).
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G. BIERNAT: ORDOVICIAN INARTICULATE BRACHIOPODS

PLATE IX

Page

Eurytreta minor n. sp. . . . . . . . . . . . . . 74
Tremadocian chalcedo nitcs, Wysoczki

Figs. 1-2. Two brachial valves of slightly different size with a preserved med ian septa l ridge (Bp. XV/ 16g, 11);
Fig. 1 (paratype) - approx. x 30, Fig. 2 - approx . x 24.

Figs. 3-6. Four different pedicle valves of not very adult specimens (Bp. XV/ 160, r.i, 11) ; Figs. 3-5 - approx.
x 24, Fig. 6 (type specimen) - approx . ;.; 62.

Eurytreta interniedia n. sp. . . . . . . . . . . .. 72
No rt h-east ern Poland

Figs. 7-8. Two different brachial valves fro m exte rior and interior (Bp. XV/41 k, 0) ; med ian septum, two pro 
par eas and median plate present ; Fig. 8 - paratype, a pprox . x 28. Bart oszyce IG -I (1873' I m).

Fig. 9. Pedicle valve (Bp. XV/41 t , type specimen) in three slightly different posit ions; approx. x 28. Barto
szyce IG -! (1873'1 m).

Figs.l O-Ll. Two ped icle valves (Bp. XV/42 11. r), approx. >~ 20. Fig. 10 - Bart oszyce IG-l (1873'1 m), Fig. 11 
Go ldap IG -l (1466'! m).
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G . BIERNAT : ORDOVICIAN INA RTICULATE BRACHIOPODS

PLATE X

Semitreta maior n. sp . .
Tr ernadocian chalcedo nites, Wysoczki

r igs. i -IO. A ran ge of pedic le va lves in d ifferent size showing a very limi ted var iab ility in the va lve outline
(Bp. XV/I I k , I, m, 11, 0, p , r, s, t , /I) ; Fig. 10 - type spec imen : Figs. 1-6, 8-10 - approx. x 40,
Fig. 7 - approx. x 62.

Fig. 11. Brachial valve partly pre served (Bp. XV/ I I z), pa rat ypc, approx. x 55.

Conotreta cf. mica GORJANSK Y

Bartoszyce IG-I (1873' 1 111), north- eastern Poland

Fig. 12. Apica l pa rt of the pedicle va lve (Bp. XV/l I Il'); ap prox. x 25.

Eurytreta intermedia n. sp,
Ketrzyn IG-I (1595'5 m), north-eastern Polan d

Fig . 13. Brachial valve of adult specimen (Bp. XV/42 )') ; approx. x 42.
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G. BIERNAT: ORDOVlCIAN INARTICULATE BRACHIOPODS

PLATE XI

Spondylotreta faceta GORJANSKY
Volkhov horizon, Suhkrumiigi, Estonia

Fig. I. Pedicle valve of adult specimen, approx. x 30.

Spondylotreta dissimilis n. sp.
Tremadocian chalcedonites, Wysoczki

Figs. 2-4. Three pedicle valves, damaged (Bp. XV/ lOa, b, d) , Fig. 3 (type specimen) preserving spondylium ,
Figs. I , 3 - app rox. x 40, Fig. 2 - approx. x 30.

Figs. 5-7. Three brac hial valves (Bp. XV/lOk, l, m), interarea and median septal ridge preserved ; Fig. 5 
paratype , all figs. approx . x 62.

Figs. 8-9. Scann ing electron micrograph s: Fig. 8 - view of the dorsal shell surface etched in hydrofluoric acid,
x 2400; Fig. 9 - exterior of the brachial valve, x 140.
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G. BIERNAT: ORDOVICI AN INAR TICULATE BRACHIO PODS

PLAT E XII

Spondylotreta dissimilis n. sp.
Tremadocian chalcedonites, Wysoczki

Figs. 1-2. Two brachi al valves par t ly preserved showing cardinal muscle scars, septum an d interarea (Bp.
XV/ lOs, r) : Fig . I - app rox x 23, Fig . 2 - x 40.

78

Spondylotreta coucenttica C OOP ER . . . . . . . . . . 78
Pratl Farry fm.. Alabama, USA

Figs. 3-5. Scann ing electron micrograph s : Fig. 3 - fragment o f concentr ic surface orna ment, the splitt ing rib s
in the ventra l interarea region , approx. x 1450: Fig. 4 - view of the ventra l protegulum pits, approx.
> 6'500 , Fig. 5 - ju nction protegu lurn and adu lt valve, appro x. x 2600.
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G . BIER N AT : OR DOVICI AN INARTIC ULATE BR ACHIOPODS

PLAT E XIII

M yotreta crassa G ORJANSKY

No rt h-eas tern Po land

Page

81

Figs.

Figs.

F igs.

1-4. Four adult brach ia l valves preserving a med ia n septurn, interarea and a wea k ca rd ina l musc le sca rs
(Bp. XV/40a, t , /I , v)~Fig . 1 - Goldap IG - I (1475'6 m), Fig s. 2-3 Ketrzyn IG- \ (1602·\ 111) ; Figs . 1-3 
approx. x 50, F ig. 4 - approx. x 30.

5-7. Th ree pedi cle valves of a slight ly differ ent size (Bp . XV/35 s, t, v) ; Ketrzyn IG -\ (1602'1 m) ; Fig . 5 
approx. x 10, Figs . 6, 7 - approx . x 40.

8-9. Scann ing electron micrographs. Fig . 8 - exte rna l view of the brachial va lve. Ketrzyn LG- \ (1602,1 111) ,

x 240 ; Fig. 9 - externa l view of ped icle valve, Bar toszyce IG -I (1879'5 m), x 210.

Myotreta estoniana n. sp,
Volkhov hor izon , Suhk rumagi, Estonia

83

Figs. 10, H, 13. T hre e adu lt brach ial valves with distinct ly fold ed med ian septum (Bp . XV /40 0, r, p) ; approx.
x 65.

F ig. 12. Brach ia l va lve with a wea kly folded septum (Bp. XV/40 z, pa ratype), Ket rzyn IG-I (1602'1 m) ; approx.
x 57.
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G. BIERNAT : ORDOVICIAN INARTICULATE BRACHIOPODS

PLATE XIV

Myotreta estoniana n. sp.
North-eastern Poland

Figs. 1-4. Four brach ial valves in different size (Bp. XV/I I s.t , u, v), median septum folded , to a varying degree.
Figs. 1, 2 - Ketrzyn IG -I (1602' 1 m), approx . x 90 , Figs. 3-4 - Estonia, Volkhov horizon. Fig. 3 
approx. x 62, Fig. 4 illustrating an extr emely old stage, approx. x 65.

Fig. 5. Pedicle valve (Bp. XV/ l ly, type specimen), Ket rzyn IG-I (1602'1 m) ; approx. x 90.

Myotreta crassa GORJANSKY . . . . .
Ketrz yn IG -I (1602'1 m). north-eastern Poland

Figs. 6-7. Scanning electron micrographs : F ig. 6 - fragment of the sur face concentric orna mentation on the
anterior third of the brachi al va lve, x 1200; F ig. 7 - junction of protegulum and adult shell on the
brachial valve, x 1300.
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G. BIER NAT : ORDOVICIAN INARTICULATE BRACHIOPODS

PLAT E XV

Myo treta crassa GORJANSK Y

North-eastern Poland

Figs. 1-3. Three brachial valves (Bp. XV/ 12t, u; v). Figs. 1,3 - Ket rzyn IG- I (1602'1 m), Fig. 2 - Goldap IG-l
(1473'6111) ; approx. x 55.

Figs. 4-5. Two pedicle valves (Bp. XV/ 12x, y) in side views, showing preserved calpac-Iike young shell; Ke trzyn
IG-I (1602'1 m).

Myotreta sp. . . . .
Tremadocian chalccd on itcs, Wysoczk i

Fig. 6. Pedicle valve with preserve d externa l pedicle tube, valve very damaged (Bp. XV/35z), ap prox. x 71.
Figs. 7-8. Two brach ial valves partly preserved bearing an interarea, diverge nt cardina l muscle scars and a short

med ian septum (Bp. XV/35v); approx . x 55.

Eoconulus cryptomyus GORJANSKY .

Volkhov hor izon, Suhkrurnagi, Estonia

Fig. 9. Scanning electro n micro grap h. Apical view of adu lt specimen; x 1400.
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G. BIER NAT: ORDOVICI AN INARTIC ULAT E BRACHIOPODS

PLAT E XVI

Scaphelasma subquadratuni n. sp. . .
No rth-eas tern Poland

Figs. .1.-5. Five brach ial valves (Bp. XV/lO c, 0 , S, t , It . v) fro m exterior an d interior ; Figs. I, 4, 5 - Ket rzyn
IG-I (1602'1 m), Figs. 2, 3 - G o/dap IG-1 (1473 m) ; Figs. 1-4 - approx. x 50, F ig. 5 - approx. x 60.

Figs . 6,8-10. External view of three pedicle valves showing weakl y marked interthrough and pedicle foramen
(Bp. XV/9 0, r, c), Go/d ap IG -1 (1473 m). approx. x 50. Fig. 10 - Scanning electron micrograph,
exte rior view of brachial valve, x 114.

Scaphelasma sp. . . . . . . .
Erratic bo ulder No . O. 247, Jaroslawicc, Baltic coa st

F ig. 7. Exterior view of pedicle valve showing a lens-like ped icle fora rnen (Bp. XV/9p), Fig . 7a - approx.
x 22, F ig. 7b - approx. x 50.
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G. BIERNAT: ORDOVICIAN INARTICULATE BRACHIOPODS

PLATE XVII

Page

Scaphelasma subquadratum n. sp.. . . . . . . . . . . 86
North-eastern Poland

Figs. 1-3. Three brachial valves (Bp. XV/8o, p, r) in slightlydifferent individual age, exter ior and anterior views;
Fig. 3 - paratype, Ketrzyn IG-l (1595'5 m) ; Figs. 1, 2 - Goldap IG-l (1466'0 m); approx. x 60,
Fig. 3 - approx. x 50.

Figs. 4-5. Two pedicle valves (Bp. XV/St , v), Ketrz yn IG-l (1595'5 m) ; Fig. 5 - type specimen , approx. x 60.
Fig. 6. Scanning electron micrograph: Fig. 6a - external view of brachial valve, x 124; Fig. 6b - detail

of the surface concentric ornamentation ; x 1300; Volkhov horizon, Estonia.
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PL AT E XVIII

Page

Scaphelasnia subquadratuni n. sp. . . . . . . . . . " 86
Scanning electron micrographs

Figs. I, 2. Detail s of adult spec imen, Volkhov hor izon: Suhkr umag i, Estonia; Fig. I - x 250, Fig. 2 - X 1200.
Figs. 3, 4. Junction of protegulum and adult valve; Fig. 3 - Ketrzyn bor ing, x 11 00 ; Fig . 4 - Volkhov ho

rizo n, Suh krumagi, Estonia , >, 600.
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G. BIERNAT: ORDOVICIA N INARTI C UL AT E HRACHIOPODS

PLAT E XIX

Scaphelasnia subquadratum n . sp..
Ketrzyn IG -I (1602 ·\ m) . nort h-ea stern Poland

Fi g. 1. Ap ical ViCII of ad ult pedicle val ve show ing trac es o f pitted protegu lum and junction of protcgulum

with ad ult valve ; approx. x 250 .

Page

86



Palaeontologia Polonica, No. 28, 1972 PI. XIX

1

G. BIERNAT: ORDOVlClAN INARTICULATE BRACHIOPODS



Palaeontologia Polonica, No. 28, 1972

G. BIERNAT: ORDOVICIAN INARTICLJL'\TE BRACHIOPODS

PLATE XX

Torynelasnta rossicuni GORJANSKY
North-eastern Poland

Figs. 1-7. A range of brachial valves slightly varying in size with a median scpturn in a different state of prc-
servation (Bp. XV/4411,0, p, r, s, t, 11): Fig. 1- side view, approx. 60. Volk hcv horizon, Estonia;
Figs. 2-7-KGlrzyn IG-1 (1602'1 m): Figs. 2-5-approx. 28; Figs. 6, 7-approx. )<40.

Figs. 8-10. Three pedicle valves in slightly different views (Bp. XV/45iJ. 1", r ), Bartoszyce IG-I (1879 m); Figs. 8,
10 - approx. > 40, Fig. 'J ._- approx. 42.

Fig. 1I. Scanning electron micrograph. Posterior half of adult pedicle valve. Bartoszycc IG-I (1879 m), a detail
of protegulum and adult valve showed: 240.

Torynelasnia rarunt n. sp.
Jczioro Okragle IG-I. north-eastern Poland)

Fig. 12. A specimen (Bp. XV/5) found in the residuum with both valves closed, type specimen, approx. x 30,
Jezioro Okragle IG-1 (909 m).

Fig. 13. Brachial valve of adult specimen with only partly preserved dorsal septum (Bp. XV /6z); approx. x 40.
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G. BIERNAT: ORDOVICIAN INARTICULATE BRACHIOPOD

PLAT E XXI

Torynelastna sp .
Volkhov horizon, Suhkrumagi , Estonia

Fig. 1. Ped icle valve slightly damaged (Bp. XV/45t) , approx. x 45.
Fig. 6. Internal view of adult brachial valve (Bp. XV/44w); approx. x 100.

Torynelasma rossicum GORJANSKY
Bartoszyce IG-l (1879 m), north-eastern Poland)

Figs. 2-3. Two brachial valves with well preserved internal details (Bp. XV/44v, y) ; Fig . 2 - approx. x 50,
Fig. 3 - approx. x 62.

Figs. 4-5. Scanning electron micrographs. Fig . 4 - view of a pitted protegulum, x 1200; Fig . 5 - surface
ornamentation comp osed of concentric lines in the anterior third of pedicle valve, x 1200.
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G. BIERNAT: ORDOVICIAN INARTICULATE BRACHIOPODS

PLATE XXII

Torynelasma rossicum GORJANSKY
Barto szyce IG-I (1893'0 m), north-eastern Poland

Scanning elect ron micrographs

Fig . I. Junction of protegulum and adult valve; x 2400.
Fig . 2. View of right side of the pedicle valve surface; x 1200.
Figs. 3-4. Details of interarca ; Fig. 3 - x 600, Fig. 4 - >; 2300.
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G. BIERNAT: ORDOVICIAN INARTICULATE BRACHIOPODS

PLATE XXIII

Ephippelasma spinosum n. sp.

Figs. 1-10. A range of brachial valves of varying size and appearance of the median septum (Bp. XV/11 m, n, 0, p,
r, s, I, u, v, z); Fig. 10 - paratype, Figs. 1-3 - Jezioro Okragle IG-l (941 m), Figs. 4-5·- Goldap
IG-I (1466'2 m), Figs. 6-10 - Ketrzyn IG-l (1602'1 m); Figs. 1-5 - approx. x 27, Figs. 6-10
approx. x 50.

Fig. 11--13. Three pedicie valves, interarea view (Bp. XVIII z, n, I',); Fig. 11 - type specimen, Fig. 12 - aduit
valve Suhkrurnagi, Estonia, Volkhov horizon approx. >~ 60; Figs. 11, 13-14- Ketrzyn IG-l (1595'5 m),
Figs. 11u-13 - approx. x 27, Fig. 11b - approx. x 50.
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G. BIERNAT : ORDOVICIAN INARTICULATE BRACHIOPODS

PLATE XXI V

Ephippelasma latior n. sp.
North-eastern Poland

Figs. 1,3. Two brach ial valves showing a median septum (Bp. XV/13 z, x), Ketrzyn ]G-l (1.195'5-1602'1 m);
approx. x 42.

Fig. 2. Dorsal interior with a slightly cha nge median septu rn (Bp. XV/13u), Jezioro Ok ragle IG-l (940'1 m);
approx . x 42.

Fig. 4. Paratype (Bp. XV/ l3v), Ketrzyn IG-I (1595'5 Ill ) ; appro x. x 62.
Figs. 5-8. A range of pedicle valves of different size (Bp. X Vjl 3p, r, s, t ), Ketrzyn IG -I (1595'5 Ill); Figs. 5,

7, 8 - app rox. x 42, Fig. 8 - type specimen, Fig . 6 - approx. X 50.

Ephippelasma spinosum n. Sp . . . .
Ketrzyn IG-l (1602'1 m), nor th-eastern Poland

Fig. 9. Scanning electron micrograph . De tail of surface concent ric orn amenta tion ; x 1300.
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G . BIERNAT : ORDOVICIAN INARTICULATE BRACHIOPODS

PLATE XXV

Ephippelasnia cf. .spinosum n. sp. . .
Erratic bou lder No . O. 247, Ja roslawiec, Balt ic coast

Figs. 1-2. Two ped icle valves (Bp. XV /14 v. z), Fig. I - in vcntrical side and dorsal side views, approx. x 55 ;
Fig . 3 - other specimens in dorsal side view; app rox. x 30.

Figs. 3-4. Two brachial valves with preserved trace of vertica l supporting plate (Bp. XV/14t , y) ; approx. x 55.
Figs. 5-8. Almost complete spec imen in slightly different positions (posterio r half of the pedicle valve damaged),

showing thc "hinge" line a nd posit ion of the med ian septum on thc brachial valve (Bp. XV/14u );
Fig. 7 - ap prox. x 30, Figs. 5, 8 - approx . x 55. Fig. 6 - appro x. x 80.

Page

99



Palaeontologia Polonica, No. 28, 1972 PI. xxv

la

5

2

7

1b

8

6 4

G. BmRNAT: ORDOYICIAN INARTICULATE BRACHIOPODS



Pala eontologia Polonica , No. 28. /972

G . BI ER N A T : OR DO VI CI A N INART IC ULATE BRA CH IOPODS

PLA T E XX VI

Ephippelasnta spiuosum l l , sp.. . . . . .
Arcn igian-Ll an virn ian , Ke tr zyn IG- I (1602' 1 111). no rth -eas tern Po land

Sca nning electron m icrographs

Fig. 1. Median septum view showing the tubula r sp ines, cove ring the under side of the sur mo unt ing plate ; >' 240.
Fig . 2. Apical view of the pedi cle valve showing a pedicle fora men ; x 625.
Fi g. 3. Protegulum and adu lt valve junction of the ped icle va lve: x 1200.
F ig. 4. Ext ernal view of the ped i le valve : :< ISO.
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G. BIER NAT : ORDOVICIAN INARTICULATE BRACHIOPODS

PLAT E XXV II

Orbithcle bicornis n. sp. . .
Tremadocian chalcedonitcs, Wysoczk i

Figs . 1-3. 'Three different pedicle valves (Bp. XV/I k , p , I); Fig. I - type specimen, pedicle fora men and apical
spinose processes preserved; Figs. I , 2 - app rox. x 28, Fig. 3 - external an d internal view of pedicle
valve approx. x 55.

Siphonotreta acrotretomorpha GORJANSKY
Trernadocian chalccdonitcs, Wysoczki

Figs. 4-7. A range of pedicle valves in different size and in a varying sta te of preservation (Bp. XV/I, if, 0, r, s) ;
F igs. 4, 5 - approx. x 40, Figs. 5-7 - approx. >: 50.

Fig. 8. Brach ial valve of young indi vidual (Bp. XV/ Ix) ; approx. x 40.
Figs. 9·10 . Scanning electron micrographs. View of surface of a valve showing a frag mentary surface spines ;

Fig . 9 - x 600, Fig . 10 - x 2500.
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G. BIER NA T : ORDOVIC IAN INAR T IC ULAT E BR ACHI OP ODS

PLATE XX VIII

Siphonotreta acrotre toniorpha GORJANSKY

Trerna do cian chalcedo nites, Wysoczk i

Fig s. 1-4. Fo ur brachial valves in di ffer ent indiv idua l age (Bp. XV /20, p , r, s ) , Figs. I , 2 - approx . x 62,
Fig s. 3, 4 - a pprox . >: 42.

Figs. 5-6. Two pedicle va lves (Bp. XV/2t , /I) ; in di fferent ind ividual age ; Fig. 5 - a pprox. x 50, Fig . 6
approx. v 80.

Fig. 7. Scanning elect ron microgra ph . Apica l pa rt of a ped icle valve ; x 600.
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G . BIERNAT : ORDOVICI AN INARTIC ULATE BRACH JOPODS

PLATE XXIX

Siphouotreta acro tret otnorpha GO RJAi'SKY

T rcm adocian chalccdonites. Wysoczk i
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Fig. l.

Fig . 2.
Figs. 3-5.

A fragment ar y brachia l va lve with surface spines preser ving a d ifferent Icn gth (Bp. XV j2 x). a pprox.
x 27.
Ped icle valve almost complete, ped icle foramcn well ma rked (Bp. XV/2 z) : a pp rox. >< 50.
Scanning electro n micrograp hs. F ig. 3 - a fragment o f ped icle va lve surfa ce with spines, >, 670 ;
F ig. 4 - genera l appaeran ce o f a spine. ' 2600, F ig. 5 - genera l view of part ly preser ved pedicle
valve , x 130.
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G . BIERNAT: ORDOVICIAN INARTICULATE BRACHIOPODS

PLATE XXX

Siphonotreta cf. verrucosa (EICHWALD).
Trernadocian chalcedon ites , Wysoczki

Figs . 1, 2. External view of two brachial valves (Bp. XVj8h, g); approx . x 30.
Figs . 3-5. External view of th ree pedicle valves in different state of preservation (Bp. XVj8k, I), Figs. 3, 5 

approx. x 40, Fig . 4 - approx. ;< 30.

Siphonotreta acrotretoniorpha GORJANSKY
Tremadocian chalcedonites, Wysoczki

Scanning electron micrographs

F ig. 6. View of posterior margin of the pedicle valve, showing preserved spines; x 600.
Figs . 7, 8. Marginal elongate processes; x 1300.
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G. BIERNAT : ORDOVICIAN INARTICULATE BRACHIOPODS

PLATE XXXI

Alichovia analogica n. sp. .
Tremadocian chalcedonites, Wysoczki

Figs. 1-4. View of surface spines, approx. x 60.
Figs. 5, 6. Two incom plete brachial valves with scatte red surface spines, one spine bifurcating (Fig. 6), (Bp.

XV/2, 5) ; approx. x 60.

S iplionotreta acrotretomorpha G ORJ ANSKY .

Trcmad ocian chalcedonites, Wysoczki
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Fig. 7. Scanning electron micro graph. View of the surface spinose protubera nce ; x 1250.
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G. BIERNAT: ORDOVICIAN INARTICULATE BRACHIOPODS

PLATE XXXII

Alichovia analogica n. sp.
Tremadocian chalcedonites, Wysoczki

Figs. 1-4. Scanning electron micrographs. View of surface branched spines preserved in fragments ; Fig. I 
x 2600, Fig. 2 - x 2300, Fig. 3 - x 1250, Fig. 4 - x 2300.
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G. BIER NAT : OR DOVICIAN INARTI CULATE BRACH IOPO DS

PLATE XXXlII

Helmersenia cf. ladogensis (JEREMEJEV)
Tremadocian chalcedonites, Wysoczk i
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Figs. 1-5.

Fig. 6.
Fig. 7.

Five ped icle valves in diffe rent state of preservation. Figs. 2.4.5 - exterior view ; Figs. I. 2 - interior
view (Bp. XV/2r, s. t , 11 . 1') ; Figs. I. 2 -approx. x 55. F ig. 3 - x 40, Figs. 4, 5 -approx. x 27.
Intern al view of a fragmentary branchial va lve (Bp. XV/2y) ; ap prox . x 40.
Scanning electron microg ra ph. General view of the brachi al va lve surface; x 150.
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G. BIERNAT : ORDOVICIAN INARTICULATE BRACHIOPODS

PLAT E XXXIV

Eoconulus cryp tomyus GORJANSKY
Volkhov horizon. Suhkr umagi, Esto nia

Figs. 1-3. Three different brachia l valves in ap ical view. Fig . 3a - in side view (Bp. XV /Ss , t, /I); approx. x 50.
Figs. 4-5. Scanning electro n micrograph s. Fig. 4 - ap ical view x 240 ; Fig . 5 - surface ornamentation view,

>; 1300.
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G. BIERNAT : ORDOVICIAN INARTICULAT E BRACHIOPODS

PLAT E XXXV

Eoconulus cryptomyus GORJA NSKY

Volkhov horizon , Suhkrumiigi , Estonia

Scanning electro n micrograp hs

Fig . I . Left side of the brachial valve ; x 240.
Fig. 2. Prot egulum and ad ult valve junction ; x 600.
F ig. 3. View of the poster io r hal f of the brachi al valve ; /: 1300.
F ig. 4. Sur face ornament on the anterior half of the brachial valve; >:400.
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G. BIER NAT : ORDOVICIAN INARTICULATE BRACH IOPODS

PLATE XXXV I

Eoconu lus sem iregularis n. sp. . . .
Erratic boulder No . O. 247, Jaroslawiec, Balt ic coast

Figs. 1-5. Apica l view of five differe nt valves (Bp. XV/6 s. f. 11, V, z); Fig . I - type specimen, Figs. 1-3 
approx. x 25; Figs . 4, 5 - approx. x 42.

Figs. 6-8. Side view of three valves (Bp. X V /6 y , s, l\'); approx. x 25.

Eoco nulus cryptoniyus GORJANSKY
Volkh ov hori zon, Suhk rumag i, Estonia

Scanning electron micrographs

Fig. 9. View of the left part of th e valve; x 600.
Fig. 10. Fragment of the an terior part of the valve ; :<1125.
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G . BIERNAT: ORDOVICIAN IN ARTI CULATE BRACHIOPODS

PLATE XXXVII

Curticia minuta B ELL . . . . . . . .
Upp er Cambrian, Pilgrin Formation , Middle Belt Mountain, Montana, USA

Fig. I. A fragment of pitt ed ornamentation on median par t of proteguJum of the brachial valve ; x 2500.
Fig. 2. General view of posterior third of the brachial valve, X 250.
Fig. 3. View of the surface ornament in adult shell ; x 2500.

Rhysotreta corrugata COOPER . . . . . . .
Middle Ordovician , Pratt Ferry Formation, Pratt Ferry Alabama, USA

Fig. 4. View of ju nction of protegulum and adult shell, x 130.

Scanning electron micrographs
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G . BJERNAT : ORDOVIC IAN Tl':ARTIC ULATE BR ACH IOPODS

PL AT E XXXVIII

Apsotreta exp unsa PAL~1 rR

U pper .Ca m brian , R icly Fo rmat io n, Llan o Co., T C\ 3 S, USA

F ig. I . G eneral view of the surface ornament: .: ~ (,O .

Fig . 2. General view of the ped icle va lve : >:70,
Fig. 3. View of junction protcgulum and adult shel l; >~ 1300.
Fig . 4. Pr otcgulum of the ped icle va lve with a pitt ed orn am entat ion: x 2600 .

Scanning e lectro n micr og ra ph,
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PL AT E XXX IX

Ceretre ta liebes B ELL

Upper Ca mbrian , Snowy Ra nge Formation , Con aspis zone. Wyomin g, USA

Fig. I . G en eral view of ped icle valve : :.: 65.
Fig. 3. Som e detai l of th e surface o rn amenta t ion: 260.

Rhysotret a corruga te COOPER .

Midd le Or do vic ian, Pra tt Fe rry Forma tion , Pra tt Ferry, A labama. USA

Fig. 2. G enera l view of the adu lt shell showing surface ornamentati on: :. : 60.

Prot ot reta Sp. . . . . .
Middl e Carn brian Limeston e, H0rSe l 1lJ~ Il ill. Montana. USA

Fi g. 4. Prot cgular pi ts ; x 2500.

Scanning elect ro n micrographs
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G . BIERNAT: OR DOV IC IAN INAR TIC ULAT E BRACHIOPODS

PLATE XL

Proton era sp. . . . . . . . . . .
Middle Cambr ian, Mcagher Limestone, Horseshoe Hill. Mo nta na , USA

Figs. I, 2. Surface ornamentation of the pedicle valve : details of discontinuous concentric ridges; x 1300.
Fig. 3. View of left side of the pedicle valve; x 140.
Fig, 4. Surface ornament on the anterior part of the valve ; x 260.

Scann ing elect ron micrographs
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