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Introduction 

Phosphatic inarticulate brachiopods are easily obtainable 

in gre at quantities from many sequences of Lower Pal

aeozoic limestones throughout the world (e .g . ,  Rowell, 

1 966) . The majority of them may be dassified as microfos

sils, because the maximum dimension is generally less than 

2 mm. However, detailed studies using micropalaeonto

logical techniques, such as isolation with weak acids, began 

only fairly recently (Bell 1946, 1 948) , and in many parts of 

the world such investigations have still not been under

taken. 

During the Ordovician Period the inarticulate faunas 

reached their highest known generic diversity (Williams 

1 965, Fig. 1 50) . In Sweden the Ordovician platform se

quence was dominated by deposition of carbonate muds 

with a low ave rage rate of sedimentation ( in the order of 

1-5 mm per 1000 years; Lindstrom 1 963; ]aanusson 1973) . 

Consequently, the total thickness of the Ordovician beds in 

this region is comparatively small, and phosphatic and 

organic microfossils are concentrated in the limestones by 

comparison with many other regions where the average 

rates of sedimentation were higher. 

There are only a few modern studies of Ordovician 

phosphatic inarticulates from Baltoscandia, notably by 

Goryanskij ( 1 969) , Biernat ( 1 973) , Bednarczyk & Biernat 

( 1 978) , Bednarczyk ( 1 986) , and Popov & Nolvak ( 1 987) . In 

Sweden the first such study dealt with a fauna from be ds 

around the Middle-Upper Ordovician boundary in 
Vastergotland (Holmer 1986). The main object of the 
investigation presented here is to study the systematics and 

biostratigraphy of Middle Ordovician phosphatic inarticu

late brachiopods from Vastergotland and Dalarna. The 

terms Lower, Middle, and Upper Ordovician are used here 

as synonyms for the Baltoscandian 'regional series' Oeland, 

Viru, and Harju (Kaljo, Roomusoks & Mannil 1 958) . 

It is necessary to discuss briefly what is to be understood 

by 'inarticulate brachiopods' . The Class Inarticulata Hux

ley, 1 869 (sensu Rowell 1 965, p. H260) , is structurally and 

anatomically heterogeneous; it indudes forms with both 

phosphatic and calcareous shells (apart from other mor

phological and anatomical differences) . Recent proposals 

have suggested that this difference is of fundamental sys

tematic importance, and should be recognized at a higher 

taxonomic leve! than that currently used. Indeed, the most 

re cent of these proposals, by Goryanskij & Popov ( 1 985, 

1986) , suggests that the phosphatic-shelled inarticulates 

constitute a dade quite separate from the Phylum Brachio

poda. Although this notion is not supported here (see also 

p. 67) , the Lingulata Goryanskij & Popov, 1 985 (phosphatic 

inarticulate brachiopods) ,  is accepted as a dass within a 

monophyletic Phylum Brachiopoda. 

The remainder of the scheme of Goryanskij & Popov 

( 1 985, 1 986) concerns the systematic position of the calcar

eous-shelled inarticulates that is not commented upon 

here, but it is somewhat doubtful if the Cl ass Inarticulata 

Huxley should be used in the very restricted sense of Gor

yanskij & Popov, to indude only the calcareous craniaceans 

and craniopsids, and the aragonitic trimerellaceans; in 

order to avoid confusion it is probably better to introduce 

a new name for such a group. The term ' inarticulate brach

iopods' can then, in a broad sense , still be used as a desig

nation for non-articulate brachiopods, induding both the 

phosphatic and the calcareous inarticulate stocks. 

Historical review 

Goryanskij ( 1 969, pp. 9-1 2 )  compiled a general review of 

publications dealing mainly with inarticulate brachiopods 

from Estonia and the Leningrad district. Papers describing 

Swedish material were not induded in that account, and 
therefore a short review is given here of publications illus
trating and describing Swedish Ordovician phosphatic in
articulate brachiopods. A broad historical account of the 

dass Inarticulata was given by Muir-Wood ( 1 955) . 

The first description of a Swedish Ordovician phosphatic 
inarticulate brachiopod was published by Wahlenberg 

( 1 818 ) , who named but did not illustrate the Hirnantian 

(uppermost Ordovician) discinacean Patellites [=Orbiculo

idea] concentncus from the Dalmanitina be ds at Bestorp on 

Mosseberg in Vastergotland (see also Bergstrom 1 968b) . 

Later, Hisinger ( 1 837) described, but did not figure , the 

acrotretine Atrypa? [=Hisingerella] nitens ( see also Hen

ningsmoen 1 948; Holmer 1 986) from the Harju age Fjacka 

Shale of Dalarna. Lindstrom (in Angelin & Lindstrom 

1 880) was the first to figure Swedish phosphatic inarticu

lates; he described Discina [=Orbiculoidea? ] gibba Lindstrom 

from the U pper Ordovician Boda Limestone of Dalarna 
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( see also Holmer 1987b) , as well as Obolella? [=Hisingerella] 

nitens (Hisinger) . Lindstrom ( 1 888) summarized (in strati

graphical faunal lists) the Lower Palaeozoic fossil faun as of 

Sweden; from the entire Ordovician sequence, only a total 

of six named species of phosphatic inarticulates were listed. 

Around 1 900 Gerhard Holm planned a comprehensive 

work on 'ACTotreta', based on Cambrian and Ordovician 

material from Baltoscandia. Unfortunately, the work was 

never completed, but the unpublished plates, figures, and 

sketches are kept at the Swedish Museum of NaturaI His

tory in Stockholm, together with the material . 

The Tremadoc age Obo lus, Dictyonema and Ceratopyge 

beds of Baltoscandia are generally very rich in, and fre

quently dominated by, phosphatic inarticulate brachio

pods. This fauna attracted the attention of many of the 

early workers ( see also Walcott 19 12) . In two articles deal

ing with Cambrian and Ordovician faun as of the marine 

South Bothnian sequence (based on material collected 

from erratic boulders) , Wiman ( 1 905, 1 908) recorded nu

merous phosphatic inarticulates from the Tremadoc beds. 

The rich Swedish Tremadoc faunas were studied also by 

Moberg & Segerberg ( 1 906) , who described seven new 

species from the Dictyonema and Ceratopyge beds in 

Skåne and on åland, comprising four lingulaceans and 

three acrotretaceans. The poorly known Lamanskya splen

dens Moberg & Segerberg (reputedly an articulate) ,  from 

the Ceratopyge beds of åland, is also a phosphatic inartic

ulate; it belongs to the elkaniids. A few species of phos

phatic inarticulate brachiopods, from the same sequence 

in Skåne and on åland, were described by Walcott ( 1 908) 

and Westergård ( 1 909) . Later, Walcott ( 1 9 1 2 , pp. 1 44-1 45)  

listed a total of 17 species of phosphatic inarticulate brach

iopods from the lowermost Ordovician of Sweden, and his 

work still remains the most recent synthesis of these faunas. 

Hede ( 1 95 1 )  recorded the inarticulates from the Lower 

and Middle Ordovician beds of the Fågelsång core in 

Skåne, and Waern ( 1 952) illustrated some species from the 

Dictyonema beds of the Bodahamn co re on åland. 

Lower Palaeozoic shales and mudstones commonly have 
conspicuous faunas of small brachiopods, and many of the 
early descriptions of phosphatic inarticulate taxa, prior to 

the development of standard techniques for isolating phos

phatic shells from limestones (Bell 1946, 1 948) , are based 
on material from such lithologies.  The Middle to Upper 
Ordovician Dicellograptus Shale of Skåne is rich in , and 

occasionally dominated by such forms. These faunas were 

first studied by Hadding ( 1 9 1 3) , who described a total of 

eleven new species, including eight lingulaceans, two acro

tretacean brachiopods, ACTotreta [=Hisingerella] nana and 

ACTotreta du bia [=Hisingerella nitens (Hisinger) ], as well as 

the discinacean Discina [=SchizoCTania] compressa. 

Troedsson ( 1 918 )  studied the uppermost Ordovician 

Tommarp Mudstone of Skåne, and described two new 

species, Conotreta [=Biernatia? ] acuta ( see also p. 1 33)  and 

Discina [=Orbiculoidea] radiata ( see also Temple 1 965) . 

Funkquist ( 19 19 )  illustrated some phosphatic inarticulates 

from the Middle Ordovician KilIerod Formation in Skåne, 

and the faunas of the Middle-Upper Ordovician sequence 

in the Koangen core were studied by Nilsson ( 1 977; see also 

Jaanusson 1 984) . 

FOSSILS AND STRATA 26 ( 1 989) 

The phosphatic inarticulates from the Upper Ordovi

cian argillaceous sequences in Vastergotland have received 

attention mainly through Henningsmoen ( 1 948) , who il

lustrated specimens from the Fjacka Shale of the Kullatorp 

core . Bergstrom ( 1968b) studied the Hirnantian brachio

pods of Vastergotland, which included Orbiculoidea concen

trica (Wahlenberg) and some unnarned lingulaceans. 
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Material and methods 

Samples ( 1-2 kg) were taken at close intervals (generally 

25-50 cm) throughout the Middle Ordovician sequence at 

Gullhogen quarry ( sample series GB81 ,  84) , Vastergotland 

(Fig. 2 ) , and in the Kårgarde section (sample series DLK83, 

84) , Dalarna (Fig. 5 ) . Of these, 1 60 samples were used, and 

from each roughly 1 kg (or, more rarely, 500 g) of un

crushed limestone was dissolved in 10% acetic acid, using 

the method developed by J eppsson et al. ( 1 985) . The sam

ples from the Viru beds above the Dalby Limestone are not 

included in this study, as in Vastergotland the Skagen 

Limestone is siliceous and does not dissolve easily in weak 

acids; in Dalarna the Skagen and Moldå limestones are 
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Fig, L Stratigraphical subdivision of the Middle Ordovician in Våsterg6tland and in the Siljan distriet, Dalarna, After Jaanusson 1982a, Fig, 4, 

comparatively poor in acid-resistant microfossils; a detailed 

study of this fauna requires additional sampling, 

The residues were sieved into two fractions (larger than 
l mm and 1-0 .075 mm) . Both fractions were picked, yield
ing a total of about 31 ,000 specimens ( separate dorsal and 
ventrai valves, and complete shells) from the two sections 

(Kårgårde section, 1 6,354 speeimens; Gullhogen quarry, 

1 4,535 speeimens) . Neither heavy liquid nor any other 

method of concentrating the microfossils was used, for the 
reasons stated by Holmer ( 1 986, p. 98) . 

Through the courtesy of Stig M. Bergstrom (Columbus, 

Ohio) and the Department of Historical Geology and Pal

aeontology, Lund, the insoluble residues from samples 

( series D59, 60) through the uppermost Furudal Lime

stone and Dalby Limestone of the Fjåcka section, Dalarna, 

• could be used. Picking of the 'heavy' (and some of the 

' light' ) fractions of the residues ( treated with bromoform) 

yielded a total of 4,246 speeimens. 

In the SEM work standard orientations were used with 

the ' light' coming from the left ( that is, the detector being 

positioned to the left) , and all plane views were photo

graphed at about 1 0-20° til t  (of the stub) , as it reduces 

deep shadows. 

Middle Ordovician stratigraphy 
in Våstergodand and Dalarna 
Exhaustive reviews of previous work dealing with the stra

tigraphy of the Viru age sequences of Våstergotland and 

Dalarna were given by Jaanusson ( 1 963, 1 964) , who also 

introduced a modern combined litho- and ' topostrati

graphical '  (sensu Jaanusson 1 960, 1 976) classification for 

the Middle Ordovician of these provinces. Recently, the 

existing information on the Ordovician in Dalarna and 

Våstergotland was summarized by Jaanusson ( 1 982b, c) , 

and his stratigraphical classification is followed here (Fig. 

l) . 
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Fig. 2. Diagrammatic map of Gullhogen quarry, Skovde, Vastergotland, showing the location of the sections ( 1-4) investigated (section 5 was 
described by Holmer 1986) . A, Upper Cambrian to lower Holen Limestone; B, upper Holen Limestone to lower Gullhogen Formation; C, 
upper Gullhogen Formation to lowermost Dalby Limestone; D, lower to upper Dalby Limestone; E, uppermost Dalby Limestone (from the 
lower bentonitic bed) to lower Jonstorp Formation. Based on a map supplied by Cementa AB. Figure prepared by Bjorn Lindsten 
(Stockholm) .  

Localities 

Gullhogen quarry 

This locality exposes a section almost 70 m thick ranging 
from the Upper Cambrian to the lower part of the Upper 

Ordovician . The quarry is on the south-eastern slope of 

northern Billingen, in the outskirts of the town of Skovde 

(Fig. 2 ) . Commercial quarrying is still proceeding and will 

probably continue until around the year 2000. Fig. 2 (based 

on a more detailed map kindly supplied by Cementa AB) 
shows the outline of the present quarry (as of summer 

1 984) , and the planned maximum extent ( shaded) of the 

future quarry. 

The exposed sequence was first described in detail by 

Thorslund & Jaanusson ( 1 960, p. 1 7 ) ; at that time the 

highest exposed be ds were within the Middle Ordovician 

Ryd Formation (see also Jaanusson 1 964) . At present the 

top of the exposure is within the lower part of the Harju age 

lower Jonstorp Formation (Section 5, Fig. 2 ;  see also Hol

mer 1986) . A brief description of the Ordovician sequence 

in the quarry was compiled by Jaanusson ( 1 982c, pp. 1 76-

1 79) . The stratigraphy of the uppermost Viru and lower 

Harju sequence (comprising an unnarned upper Viru unit, 

the Slandrom and Bestorp limestones, and the Fjacka 
Shale) in the quarry was revised recently (Holmer 1 986) . 

This monograph deals with the phosphatic inarticulate 

brachiopod fauna of the sequence between the uppermost 
Oeland age Holen Limestone (top of the Didymagraptus 

anus Biozone; Fortey & Owens 1 987) and the Viru age 
Skagen Limestone (basal part within the Diplagraptus multi

dens Biozone) .  This interval comprises, in ascending order, 

the Våmb Limestone, Skovde beds, Gullhogen Formation, 

and the Ryd and Dalby limestones (Fig. l) .  A single sample 

from the uppermost Holen Limestone was included for 

comparison with the Middle Ordovician faunas (Figs. l, 
8A) . The Lower Ordovician sequence in the quarry (La

torp, Lanna, and Holen limestones) has never been stud

ied in detail ,  apart from by Lindstrom & Vortisch ( 1 983) 

and Lindstrom ( 1 984) . The Viru lithostratigraphical suc

cession in the quarry is almost identical to that of the Stora 
Åsbotorp core, situated about 1 .5 km to the north (Jaanus

son 1 964; Grahn 1981 ) .  

A brief description of the Viru sequence under consider

ation, in ascending order, is given below. Measurements 

were taken from the discontinuity surface at the base of the 
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Fig. 3. Gullhogen quarry. DA. Section l (see Fig. 2) , showing the uppermost Holen Limestone (hol) , the Våmb Limestone, the Skovde beds, 
and the Gullhogen Formation (gu) . The basal Vim discontinuity surface is indicated by an arrow. DB .  Section A (situated some 5 m south 
ofsection l in Fig. 2) , showing the Holen Limestone (hol) , Våmb Limestone (vå) , Skovde be ds (sk) , and the lowermost Gullhogen Formation. 
The basal Vim discontinuity surface and the discontinuity surface at the top of the Skovde beds are indicated by arrows. De. The upper part 
of Section 3, showing the uppermost part of the finely nodular Ryd Limestone (ry) ; the boundary to the Dalby Limestone (dal) is indicated 
by an arrow. OD .  Section 4, showing the upper Dalby Limestone. DE.  View of the north-western part of the quarry ( taken from section 3 
towards section 5) , showing a section from the Holen Limestone at the base (diff B in Fig. 2) to thejonstorp Formation ( diff E  in Fig. 2) . 

Våmb Limestone upwards. The thickness of the units given 

by Jaanusson ( 1 964, 1 982c) does not always agree exactly 

with those based on my measurements; in all probability 

this is because the sequence could not be measured along 

a continuous section, but had to be pieced together from 

different parts of the quarry (Fig. 2) . 
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Fig. 4. Gullh6gen quarry. DA-C. Bedding plane from the upper Dalby Limestone showing orthoconic cephalopods enveloped by laminated 
encrustations, which may represent stromatolites. Total length of ruler l m. 

Jaanusson ( 1 964) referred the lowermost Viru beds in 

the quarry to the Vikarby Limestone .  However, Jaanusson 

( 1 982c) introduced the Våmb Limestone (O-O. l m; Fig. 

8B) for this part of the sequence, because the conodont 

succession suggests that it is a lateral equivalent to the lower 

part of the Skarlov Limestone .  Moreover, these beds do not 

appear to be contiguous with the Vikarby Limestone in the 

SiUan district. The Våmb Limestone is bounded by discon

tinuity surfaces and varies from O to 12 cm thick within the 

quarry (Holmer 1 983) ; the upper surface is furrowed in 
places, with the furrows having a V-shaped cross section, 

indicating that they may represent desiccation cracks. In 
addition, there are numerous, laterally impersistent intra
forrnational discontinuity surfaces (Holmer 1 983) . The 
Våmb Limestone is rich in ferruginous ooids ( see Stures

son 1 989 for details) , and in the lowermost bed it includes 
laminated stromatolite-like structures (Fig. 8A; Holmer 

1 983) . The lower planar discontinuity surface (referred to 

as the basal Viru discontinuity surface by Jaanusson 1 964 

and Holmer 1 983) indicates a considerable break in the 

sequence, com prising equivalents of most of the Aserian 

Stage as developed elsewhere. 

The quarry is the type locality of the Gullhogen Forma

tion and the Skovde beds (0 . 1- 12 .4  m from the base of the 

Våmb Limestone; Fig. 8A-B) . The lowermost limestone 

beds of the Gullhogen Formation can be distinguished as 

an informal subdivision, the Skovde beds (Figs. 3A-B, 8A

B) . The unit is bounded by discontinuity surfaces and 

varies in thickness from 1 0  to 45 cm within the quarry; in 

places, the upper discontinuity surface of the Skovde beds 

is missing (Holmer 1 983) . It is possible that the Skovde 

beds constitute a wedge of the Folkeslunda Limestone 

Uaanusson 1964) . The Gullhogen formation is 1 2 . 3  m 

thick ( including the Skovde beds) , and composed mainly 

of dark grey mudstone with calcilutitic nodules, but it 

includes also beds of calcilutitic limestone (Fig. 3A) . There 

is a phosphatized discontinuity surface in about the middle 

of the unit ( at 7.5 m from the base of the Våmb Limestone; 

Fig. 8B) . A few reddish calcarenitic irregular limestone 

beds close to the lower boundary of the formation contain 

ferruginous ooid-like structures (Fig. 8A-B; see Sturesson 
1 989 for details) . 

The Ryd Limestone ( 1 2 .4-2 1 .4 m from the base of the 

Våmb Limestone in Fig. 8C) is 9.0 m thick, and dominated 
by grey, thick-bedded calcilutites, with some finely nodular 

intercalations (Figs. 3e, 8e) ; it can be regarded as a wedge 

of the upper Furudal Limestone Uaanusson 1 964) . The 
lower boundary is defined clearly lithologically, whereas 

the upper is is not, and drawn on faunal evidence Uaanus

son 1 964) . 

The Dalby Limestone ( 2 1 . 4-33 .2  m from the base of the 

Våmb Limestone in Fig. 8e-D) can be divided into (un

named) up per and lower members on lithological grounds 

Uaanusson 1 982c) . 

The lower member is 6 .3 m thick (5 .6  m in Jaanusson 

1 982c ) .  The compact limestone is grey, thick bedded and 

predominantly calcilutitic in the lower part, and calcare

nitic in the upper part. In places, there are intercalations 

of finely nodular limestone (Fig. 8e-D) . 

The upper member is 5 .5 m thick (6 .3  m in Jaanusson 

1 982c) , and composed mainly of grey, bedded to nodular 

calcarenites with intercalations of calcareous mudstone 
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(Figs. 3D, 8D) . The limestone is most commonly siliceous 

and does not dissolve readily in weak acid ( see also Schall

reuter 1984) . In at least two beds of the upper member, 

large macrofossils (mostly orthoconic cephalopods) are 

enveloped by laminated encrustations, which may repre

sent stromatolites . In the uppermost of these two beds (at 

30.5 m above the base of the Våmb Limestone ;  Fig. 8D) , the 

stromatolite-like structures are developed as large disc

shaped nodules that vary in size, reaching about 40 cm in 

diameter and 10 cm in thickness. In the lower bed (at 
29.2 m above the base of the Våmb Limestone; Fig. 8D) the 

stromatolitic structures reach a still iarger size , up to 60 cm 

in diameter (Fig. 4) . According to Jan Johansson ( in Jaa

nusson 1982c) , there is also a level with stromatolitic struc

tures dose to the lower boundary of the upper member. 

The upper boundary of the member is marked by a benton

itic bed, I . l m thick. 

N 
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Few previous studies have been made of the Viru-Harju 

faunas at Gullhogen quarry. Fåhraeus ( 1 966) studied the 

conodonts of the Våmb Limestone and Skovde beds. Some 

ostracodes from the upper Dalby Limestone were de

scribed by Schallreuter ( 1 984) . Holmer ( 1 986) studied the 

uppermost Viru and lower Harju faunas of phosphatic 

inarticulate brachiopods, and described some unusual mi

crofossils (Holmer 1987a) . Owen ( 1 987) described the 

trilobite Tretaspis percontator, which previously (Jan Johans

son in Jaanusson 1 982c) was identified as Tretaspis ceriodes 

(Angelin) . The graptolites from the Viru-Harju sequence 

in the nearby Stora Åsbotorp core were studied by Jaanus

son & Skoglund ( 1 963) and Skoglund ( 1 963) , and the 

palaeocope ostracodes by Jaanusson ( 1 957) . The Viru and 

Harju chitinozoans were studied by Grahn ( 1 981 ) .  

1 0  2 0 m  

Fig. 5.  DA. Map of of the Siljan District, Dalarna, showing distribution of Palaeozoic rocks (shaded) . DB.  Map of the Kårgarde section. After 
a map produced by L. Karis (Uppsala) . Figure prepared by Bj6rn Lindsten (Stockholm) .  

Kårgarde section 

The Kårgarde section is situated dose to Holen village in 

the northwestern part (parish of Orsa) of the Siljan distriet, 

Dalarna (Fig. 5) . Seattered exposures in the Kårgarde area 

have been studied scientifically since the late 1 9th Century 

(Tornquist 1 883) . 

Cambrian rocks have been thought to be absent over the 

whole of the Siljan district. However, the occurrence of the 
acrotretacean Ceratreta tanneri (Metzger, 1922) , in erratic 
boulders of the so-called 'Obolus Sandstone' from Gardsjo, 

appears to indicate a late Cam brian age for the earliest 

transgression into the Siljan district; this brachiopod is 

restricted to the Upper Cambrian within Baltoseandia 

(Popov & Holmer, unpublished) . In the Kårgarde section 

Arenig rocks rest directly on Precambrian basement. In 

1947 V. Jaanusson and H.  Mutvei excavated a continuous 

section from the Lanna Limestone up to the lower Furudal 

Limestone, and in 1 976 a section was prepared from the 

basement to the top of the Dalby Limestone along the 

course of the previous excavation . This section is now 

preserved as a Nature Reserve (Fig. 5 ) . 

The dip of the exposed be ds in the Kårgarde area is dose 

to vertical (Fig. 5) . The Viru sequence, from the Segerstad 

Limestone to the lowermost Dalby Limestone, was de-

scribed in detail by Jaanusson & Mutvei ( 1 953) andJaanus

son ( 1 963) . A brief description of the entire section was 

made by Lars Karis (in Jaanusson 1 982b) , but the new 

exposure has never been studied in detail . Bergstrom 

( 1 971 ) established the North Atlantic conodont zone of 

Pygodus serra, and its subzones (mid Skarlov Limestone to 

mid Furudal Limestone; Fig. l ) ,  for which the Kårgarde 
section is the type locality. Sturesson ( 1 988a) studied the 
occurrence of ferruginous ooids in the Lower Ordovician 

sequence at Kårgarde . 

A short description of the Middle Ordovician beds is 
given below in ascending stratigraphical order. Exposures 

in the Furudal and lowermost Dalby limestones in the 

western part of the Kårgarde area are separated from the 

main section by a major fault (Fig. 5) , and were not studied 

for this paper. 

Deep red, thick-bedded limestones dominate the lower

most Viru Segerstad Limestone (0-3 .0 m; Fig. 9A) . In the 

Kårgarde section the formation is 3.0 m thick. I t  can be 

divided into two subdivisions; the Kårgarde and Vikarby 

limestones (Jaanusson 1 963) . 

The Kårgarde Limestone is composed mainly of reddish, 

thick-bedded to finely nodular calcilutites (Figs. 6A-B, gA) ; 
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Fig. 6.  Kårgarde section, Dalarna. DA. Bedded limestones in the uppermost Holen (hol) and lowermost Kårgarde limestones (segk) ; the 
Lower-Middle Ordovician boundary is indicated by an arrow. DB. The middle part of the Kårgarde Limestone, showing the alternation 
between bedded and finely nodular limestone. De. The contact between the bedded Vikarby Limestone (segv) and the finely nodular Skarlov 
Limestone (sa) . OD.  Upper Seby Limestone ( the interval 7 .2-7.3 m in Fig. gA) , showing stromatolite-like dom es. DE.  The contact between 
the Furudal (fur) and Dalby (dal) limestones; the approximate level of the boundary is indicated by an arrow. OF. Typical bedding in the 
lower Dalby Limestone. 

for further details see Jaanusson & Mutvei ( 1 953) . At Kår

garde, which is the type locality of the member, the lower

most beds have stromatolite-like structures whieh are al

most identical to those higher up in the Vikarby and Seby 

limestones (Fig. 9A) . In the Vikarby section ( situated some 

30 km south-east of Kårgarde ) the stromatoli tie bed at the 

base of the Kårgarde Limestone is 6 cm thick (Jaanusson 

1982b; Fig. 7C) . 

The Vikarby Limestone is 50 cm thick and consists of 

mottled red and grey calcarenites (Fig. 6C) . In the middle 

part (at 2 .8  m; Fig. 9A) there is a bed with stromatolite-like 

structures (Fig. 7B) . 

The Skarlov Limestone (3 .0-6.3  m above the base of the 

Segerstad Limestone; Fig. 9A) is 3.3 m thick, and consists 

of a uniform sequence of red to grey, finely nodular calci

lutites with partings of calcareous mudstone (Fig. 6C) . The 

level of the boundary between the Aserian and Lasna

magian stages is situated within the lower part of the forma

tion, but the exact position cannot be determined at pres

ent (Jaanusson 1 963) . 
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The Seby Limestone (6 .3-7.9 m above the base of the 

Segerstad Limestone; Fig. 9A) is 1 .6 m thick. In the lower 

half it is composed of thick-bedded limestones, whereas the 

upper part is dominated by mottled red and grey, finely 

nodular calcilutites (Fig. 9A) . The uppermost bed of the 

formation inc\udes a conspicuous level with finely lami

nated, haematite-rich, stromatolite-like domes (Fig. 7A) of 

the LLH-C type (c\osely-linked, lateral-linked hemispher

oid type of Logan et al. 1 964) . There are two additional 

stromatolitic levels of the same type, lower down in the Seby 

Limestone (Figs. 6D, 9A) . The stromatolite-like domes are 

up to about 6 cm in diameter and 3 cm high . The lamina

tion is accentuated by alternating haematite-rich and hae

matite-poor laminae . Previously, similar structures were 

described from the Lunne Limestone of the autochtonous 

sequence in Jamtland (Larsson 1 973) . However, the algal 

origin of these structures was questioned by Lindstr6m 

( 1 979, 1 984) and Lindstr6m et al. ( 1 983) . Closely similar 

stromatolite-like structures have also been reported from 

roughly coeval beds in northeastem Poland (Szymanski 

1 985) . 

The Folkeslunda Limestone (7 .9-10.5 m above the base 

of the Segerstad Limestone; Fig. 9A) is 2 .6  m thick. The 

lower boundary of the Folkeslunda Limestone is situated 

below a bed of grey calcarenite, 1 5  cm thick (Fig. 9A) . The 

lower l m is dominated by grey, thin-bedded calcarenitic to 

calcilutitic limestone with intercalations of calcareous 

mudstone .  Above there is a 1 .6 m thick interval with grey, 

thick-bedded calcarenites (Fig. 9A) . 

The Furudal Limestone ( 1 0 .5-1 9 m above the base of 

the Segerstad Limestone; Fig. 9A-B) is 8 .5 m thick (9 .2  m 

according to L. Karis inJaanusson 1982b) and is composed 

mainly of uniform, grey, thin- to thick-bedded calcilutites, 

alternating with thin be ds of calcareous mudstone (Figs. 

6E, 9A-B) .  

The Dalby Limestone ( 1 9.0-38.8 m from the base of the 

Segerstad Limestone; Fig. 9B-C) is 19 .8  m thick ( 1 8 . 1  m 

according to L. Karis, in Jaanusson 1 982b) . The detailed 

position of the lower boundary has not been determined in 

the locality (Fig. 6E) ; lithologically it is not marked c\early, 

and exact correlation with the type locality of the Furudal 

and Dalby limestones, at the main Fjacka section, has not 

yet been made . The boundary is placed tentatively for this 
study, roughly a metre below the level suggested by L. Karis 
( inJaanusson 1 982b) , based on the appearance of Ephippe

lasma minutum. The formation consists mainly of grey, 

bedded to nodular limestone with some intercalations of 

calcareous mudstone (Fig. 6E-F) . According to L. Karis (in 

J aanusson 1 982b) , a change from calcilutitic to calcarenitic 

Fig. 7. DA. Stromatolite-like structures in the upper Seby Lime
stone (sample DLK83-se-5) ,  Kårgarde section; Peel; seu (Swedish 
eeological Survey, Uppsala) Rock Original 96; xl .5.  DB. Stromat
olite-like structures in the Vikarby Limestone (sample DLK83-segv-
2) , Kårgarde section; Peel; seu Rock Original 97; x l .O .  De.  Stro
matolite-like structures in the lowermost bed of the Kårgarde 
Limestone ( taken from sample D-1 79,  leve! indicated inJaanusson 
& Mutvei 1953, Fig. 5) , Vikarby section; Peel; seu Rock Original 
98; xl .O .  

Ordovician inarticulate lnachiopods from Sweden I l  
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limestone takes place 1 .5 m above the lower boundary of 

the formation. The up per boundary of the unit is marked 

by a bed of bentonitic clay, 15 cm thick (Fig. 9C) . Three 

additional ,  thinner bentonitic beds occur within the upper

most metre of the formation. 

Fjacka section 

This is a cIassic locality, cut into the bedrock by the Fjicka 

stream at Moldå in Dalby village , parish of Ore, in the 

northeastern part of the Siljan district, Dalarna (Fig. 5) . It 

has been reported scientifically since its first mention by 

Tornquist ( 1 867) , mostly as scattered exposures but includ

ing a small, now abandoned quarry. Excavations in 1945-

1 946 exposed a complete section ( ' the main section ' )  from 

the upper Furudal Limestone to the Jonstorp Formation 

Qaanusson & Martna 1 948) . In 1 976 the area was prepared 

(and further excavated) for preservation of the section as a 

Nature Reserve ( see also Jaanusson 1982b) . 

Only the lower portion of the main section at Fjacka is 

covered by this study, including the uppermost 2 m of the 

Furudal Limestone and the entire Dalby Limestone . The 

Fjicka section is the type locality for both units. The sam

ples used for this paper were collected by Stig M. Bergstrom 

in 1959 and 1960 (sample series D59 and D60 in Fig. 10 ) . 

The conodont zonation based on the material from these 

samples was summarized by Bergstrom ( 1971 ) ,  who desig

nated Fjacka as the type locality for three North Atlantic 

conodont zones (Pygodus ansennus, Amorphognathus tvaeren

sis, and A morphognathus superbus; Fig. l ) .  The palaeocope 

ostracodes from the same series of samples were studied by 

Jaanusson ( 1 963, 1976) , and the chitinozoans by Laufeld 

( 1967) . 

Two subdivisions of the Dalby Limestone were distin

guished by Jaanusson ( 1 982b) . The lower member consists 

of 6.6 m of grey, thick-bedded limestones that are calcare

nitic in the upper, and calcilutitic in the lower part (Fig. 

10 ) . The lower boundary of the formation is drawn at the 

level of a conspicuous faunal change Qaanusson 1 963, 

1 976, 1982b) . The upper member is 1 3 . 3  m thick, consist
ing of grey, bedded to slightly nodular caJcarenitic argilla
ceous calcilutites and calcarenites. Close to the lower boun

dary of the upper member, there is a thin bentonitic bed 

(Fig. 1 0) . 

As elsewhere in Sweden there is a com pl ex of bentonitic 

beds in the uppermost portion of the Dalby Limestone. At 

Fjacka seven such beds can be distinguished Qaanusson & 

Martna 1948) , the upper of which is 26 cm thick (Fig. 1 0) . 

The lower thin bentonitic bed, 1 . 8 m from the top of the 

formation, is used as a reference level for measurements 

Qaanusson 1 963) . 

This monograph is a contribution to the (informal) 

Project Fjacka, initiated by Valdar Jaanusson in 1 945 . Pre

vious contributions include Jaanusson & Martna ( 1 948) , 

Martna ( 1 955) , Jaanusson ( 1 963, 1976, 1 982b) , Laufeld 

( 1 967) , and Bergstrom ( 1 971 ) .  

FOSSILS AND STRATA 26 ( 1989) 

Biostratigraphy and 
palaeoecology 

Distribution, abundance and lithofacies 

It is assumed commonly that changes in bio- and lithofacies 

are controlled mainly by changes in water depth .  For ex am

ple, the change from coarse-grained to fine-grained sedi

ments, and a related change in the benthic faunas, is 
usually thought to be due mainly to an increase in the 

depth . The concept of depth related, so-called Benthic 

Assemblages (in the sense of Boucot 1 975, pp. 2 1-24) is 

well known; Swedish upper Viru and Harju assemblages of 

brachiopods were classified with reference to such Benthic 

Assemblages by Sheehan ( 1 979) . However, this model ap

pears to be toa simplistic to explain the distribution of 

litho- and biofacies in the Ordovician of Baltoscandia Qaa

nusson 1973, 1 976) . 

An alternative to the concept of depth-related Benthic 

Assemblages was proposed by Jaanusson ( 1 984) ; he sug

gested that changes in Ordovician benthic associations 

( including phosphatic inarticulate brachiopods) along en

vironmental gradients (e .g . ,  from graptolitic shale to 

coarse grained sediments) were more substrate-dependent 

than depth-related (although , of course , depth remains 

one of the parameters) . 

The distribution of bio- and lithofacies within Baltoscan

dia is related to the presence of so-called confacies beits -

a term which was introduced by Jaanusson ( 1 976; see also 

Mannil 1 966; Jaanusson 1 973; Jaanusson & Bergstrom 

1980) to describe the pattern of spatially stable ecological 

zones defined by a combination of litho- and biofacial 

features. The environmental factors, con trolling the distri

bution of such ecological zones are not known, butJaanus

son & Bergstrom ( 1 980, p. 1 07) suggested that tempera

ture, rather than depth , could have been one of the more 

important parameters. 

As noted by Jaanusson ( 1 982a) the depositional condi

tions in the central Baltoscandian confacies belt has been 
interpreted mainly in two widely different ways. Lindstrom 
( 1 963, 1 972, 1 979, 1 984) , Lindstrom & Vortisch ( 1 983) , 
and Lindstrom et al. ( 1 983) , suggested that the deposition, 

for most of the Ordovician Period, took place in a fairly 

deep sea, whereas other workers, notably Jaanusson ( 1 973, 

1982a) and Larsson ( 1 973) , have presented evidence for 
more shallow water with possible intervals of emergence 

(for a summary and review, see, e .g. , Jaanusson 1982a, and 

Lindstrom 1984) . 

The distribution and composition of associations of 

Palaeozoic phosphatic inarticulate brachiopods and their 

relationship to lithofacies and depth are poorly known; 

Rowell & Brady ( 1 976) , Rowell & Krause ( 1 973) , and 

Krause & Rowell ( 1 975) have provided the only detailed 

studies on the subject. Rowell & Brady ( 1 976) studied the 

distribution of inarticulate brachiopods in the Upper Cam

brian of the Great Basin (Utah and Nevada) , where inartic

ulates are comparatively abundant in rocks representing 

outer and inner shelf environments, whereas they are rare , 

or completely missing, in the shallow carbonate shoal and 

lagoonal facies. Krause ( 1 972) , Rowell & Krause ( 1 973) , 
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and Krause & Rowell ( 1975) investigated the composition 

of the fauna, and the distribution of species, relative to the 

lower Whiterock stromatactis-bearing carbonate mound at 

Meiklejohn Peak in Nevada (Ross et al. 1 975) . 

Because of the limited num ber of sequences that have 

been investigated to date , it is difficult to analyze the distri

bution of assemblages and species of phosphatic inarticu

late brachiopods in relation to lithofacies and confacies 

beits .  The three sections under consideration here are all 

within the central Baltoscandian confacies belt (Jaanusson 

1 973, Text-fig. 7) and, as already mentioned, there are few 

previous studies from other parts of Baltoscandia. 

A total of more than 35,000 specimens of phosphatic 

inarticulate brachiopods were identified, and the vertical 

distributions of various species in the three sections are 

recorded in faunal logs (Figs. 8, 9, 1 0) . The quantitative 

composition of the inarticulates in each sample yielding 20 

specimens or more is presented in diagrams of relative 

abundance (Figs. 1 1 ,  1 2 ) . Only species that form 20% or 

more of the total num ber of inarticulates in at least one 

sample are shown; the rest are grouped as 'others ' .  In the 

counts each separate dorsal and ventrai valve or complete 

shell was counted as one specimen. Fragmented valves were 

counted only in the cases where more than half of the larval 

shell was preserved; no lower size limit was applied. 

Only the faunas isolated from Gullhogen quarry and the 

Kårgarde section were investigated quantitatively; data 

from Fjacka were considered as unreliable, because the 

insoluble residues had been separated with heavy liquids, 

and only the 'heavy' fractions were picked completely for 

inarticulates. 

Kundan Stage 

The red bedded limestones of the Lower Ordovician Holen 

Limestone of Dalarna and Vastergotland represent part of 

a widespread litho- and biofacies, which in the central 
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Baltoscandian confacies belt of Sweden i s  referred to tradi

tionally as the 'orthoceratite limestone ' (ranging from the 

Hunnebergian to the Lasnamagian; see also Lofgren 1 978, 

pp. 5-7) . The dominant sediment in the Kundan Stage in 

this region seems to have been carbonate mud mixed with 

skeietal sand (Jaanusson 1 973, Fig. 2; Manni1 1 966, Fig. 53) . 

In the central confacies belt of Sweden, the depositional 

conditions in the Kundan Stage appear to have been com

paratively stable, and no major breaks are known . 

This lithofacies contains rich and well preserved assem

blages of phosphatic inarticulate brachiopods that are uni

form in composition but have not yet be en studied in 

detail .  For the present study, only two samples were in

cluded, one from the uppermost portion of the formation 

at Gullhogen (sample GB81-0) , and the other from the 

Kårgarde section (sample DLK84-hol-25) . These be ds 

yielded 52-92 mostly well preserved specimens per 1 00 g 

(Figs. l IA, 1 2A) . In the Holen Limestone at both localities,  

Numericoma? spinosa is the dominant species, forming up to 

92% of the assemblages (Figs. l IA, 1 2A) . HisingereIla? un

guicula and Scaphelasma sp. nov. a are also present at both 

localities (Figs. 8A, 9A) , whereas Gonatreta? mica was re

corded only at Gullhogen (Fig. 8A) . Myatreta aff. crassa is 

known from Kårgarde (Fig. 9A) , and questionably from the 

Holen Limestone in Jamtland. 

Aserian Stage 

In the central confacies belt, depositional conditions ap

pear to have been changed at the transition to the Middle 

Ordovician . In Dalarna, Jamtland, and on Oland, the 

Segerstad Limestone contains structures interpreted by 

some as possible desiccation cracks and stromatolites (Jaa

nusson 1 960, 1 973, 1 982b; Jaanusson & Mutvei 1 982; Lars

son 1973) , but by others as possible diagenetic phen omena 

(Lindstrom 1 979, 1 984; Lindstrom et al. 1 983) . The Seger

stad Limestone inJamtland includes numerous discontinu-
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Fig. 8. Faunal logs from Gullhogen quarry, showing distribution of phosphatic inarticulates. DA ( this page) . Section A, situated some five 
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it y surfaces as well as an intraformational conglomerate 

(Larsson 1 973) . Moreover, in Vastergotland there are 

major breaks, marked by discontinuity surfaces, compris

ing most of the Aserian Stage . The thin, condensed se

quence contains levels with possible desiccation cracks and 

stromatolite-like laminations (Jaanusson 1 964, 1 982c; Hol

mer 1983) . 

The boundary between the Oeland and Vim Series is 

associated with a marked turnover in the benthic faunas 

(Mannil 1966; Jaanusson 1 960, 1 976, 1 982b) , and numer

ous new taxa of phosphatic inarticulate brachiopods ap

pear. At Kårgarde Scaphelasma mica, Myotreta dalecarliea, 

Nummcoma simplex, Spondylotreta sp. nov. a, Lingulella? al

ata? , Scaphelasma? rugosum, Physotreta deformis? , and Acanth

ambonia delicata all appear at the base of the of the Vim 

FOSSILS AND STRATA 26 ( 1989) 

(Fig. 9A) . The Kårgarde Limestone is rich in phosphatic 

inarticulates, with a maximum abundance of 1 09 speci

mens per 1 00 g (on ave rage 25 per 1 00 g; Fig. 1 2A) . Each 

sample yielded, on average , eight species. The preservation 

in these beds is generally poor and the specimens are 

almost invariably abraded and fragmented. 

In the Kårgarde Limestone the assemblages are domi

nated by the following five species (with maximum abun

dance given in brackets) : Conotrela? mica (83% in sample 

DLK83-segk-5) ,  Scaphelasma? rugosum (60% in sample 

DLK83-segk-7) ,  Nummcoma simplex (52% in sample DLK83-

segk-6) ,  Myotreta dalecarliea (38% in sample DLK83-segk-

1 0) ,  and Hisingerella? unguicula (42% in sample DLK83-

segk-l ; Fig. 1 2A) . 

Closely related assemblages are known from the Seger

stad Limestone on Oland and in Jamtland. In Sweden 

Scaphelasma? rugosum, Eoconulus cf. cryptomyus and Eoconulus 

sp. nov. a, have so far been recorded only from the Seger

stad Limestone. In Dalarna and on Oland Nummcoma? 

spinosa is absent from the Segerstad Limestone, whilst there 

is a questionable occurrence from jamtland . 

A similar fauna that includes Conolrela? mica and Scaphel

asma? rugosum is present in the Segerstad Limestone in 

southern Estonia ( 'Livonian Tongue ' ,  Jaanusson 1 976, 

Text-fig. 7; see also Mannil 1 966, Fig. 54) , and in the Pskov 

district, Russia (Goryanskij 1969) . 

At Kårgarde there is a marked decrease in the frequency 

of inarticulates in the upper member of the Segerstad 

Limestone. The Vikarby Limestone consists mainly of calc
arenites and yielded up to 1 0  poorly preserved specimens 

per 1 00 g (Fig. 1 2A) . However, it should be noted that from 

the Vikarby section (some 30 km south-east of Kårgarde) a 

frequency of 40 specimens per 1 00 g has been reported 

(Jaanusson 1984, Fig. 7) . Myolreta dalecarliea has a fre

quency of up to 36% (sample DLK83-segv-l ) ,  and domi

nates the fauna together with Conolrela? mica (up to 27% in 

sample DLK83-segv-1 ; Fig. 1 2A) . Rowellella cf. lamellosa ap

pears at the base of the Vikarby Limestone, whilst the top 

of the formation coincides with the disappearance of E(}

conulus sp. nov. a (Fig. 9A) . 
The transition from the bedded limestones of the Seger

stad Limestone to the more argillaceous and finely nodular 
calcilutites of the Skarlov Limestone is associated with the 

appearance of Eoconulus cf. clivosus and Expellobolus? sp. 

nov. a (Fig. 9A) ; the former constitutes 1 8-61 % of the 

fauna in the lower to middle part of the formation ( samples 

DLK83-sa-1-6; Fig. 1 2A) . Expellobolus? sp. nov. a is restricted 

to the Skarlov Limestone (Fig. 9A) . The frequency (in 

specimens per 1 00 g) of inarticulates varies from 6 in the 

lower part to 77 in the upper part of the formation (Fig. 

1 2A) . 

Nummcoma? spinosa reappears abmptly in the middle 

Skarlov Limestone (66% in sample DLK83-sa-4; Fig. 1 2A) . 

The uppermost two samples of the Skarlov Limestone are 

dominated by Nummcoma simplex (67% in sample DLK83-

sa-7) and Conolrela? mica ( 70% in sample DLK83-sa-8 ; Fig. 

1 2A) . 

At Gullhogen most of the Aserian Stage is missing at the 

level of the basal Vim discontinuity surface ;  the Våmb 

Limestone is approximately equivalent to the uppermost 
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~
 

a;
; tog

 

n- >o
l 

-O
 

p
. 

O
 

::l
 

O
 

::l
 

'?
 .....
. 
~
 

F
u

ru
d

a
l 

·b
 

D
a

lb
y
 

I 

'" 
'" 

'" 
'" 

'" 
'" 

'" 
3 

.. 
'" 

.. 
'" 

O
l 

I 
S

a
m

p
le

 
D

L
K

 

N
u

m
ø

r/
co

m
a

 p
.r

p
/e

x
a 

I, 

~
~
 

~
 

~
~
 

~
~
 

~ 
"7 

~ 
~ 

E
.l

 
1

1
 

l 
.. ~

 
Ol

::' 
~ 

~ 
'" 

..
 

-
~
f
j
}
 

c 
: 

~ 
~ 

~. 
: 

~ 
~
:
 

~
:
 

~
.: 

a.
 

a.
 

a.
 

a.
 

a.
 

c 
.. 

.. 
.. 

.. 
.. 

I 
... 

... 
-

-
-

-
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

'" 
N

 
'"

 
.,

. 
<.n

 
.,.

 
.....

 
0

0
0

 
. '" 

.. 
O

l 
... 

Ol 
o 

., 
C

o
n

o
tr

et
a?

 
sl

/I
an

en
s/

. 

- -
- -

-
• 

• 
• 

-
-•

 
..., 

..., 
E

 o
c
o

n
u

lu
s
 c

f ,
1

I8
m

/r
a

g
u

/a
rl

s 
.
.
.
.
.
.
 

• 
• 

. 
. .

 .
 .

 -
-~

 
• 

• 
•
•
 

•
•
 

• 
C

yr
to

n
o

tr
.t

. 
sp..

..
..

..
 

~
.
 
~
 

.., 
. ., 

. 
-

-
-
~
 

R
o

w
e
ll

e
ll

a
 c

f.
/a

m
e
ll

o
sa

 .
.
.
.
 

• 
•
•
 

.,.
) 

""
" 

• 
.,

)
 

..., 
P

a
te

ru
la

 
s
p

p
. 
.
.
.
.
 

• 
_ 

•
•
 

•
•
•
 

•
•
 

_ 
• 

_ 
• 

• 
~

I 

lI
n

g
u

le
ll

ln
a
e
 
..

..
 

_ 
• 

• 
• 

• 
-

-1 
S

c
a

p
h

e
/a

s
m

a
 m

lc
a

 

_
. 

..
..

 . 
. 

-
--

~
 

S
/ø

rn
a

f/
a

 
h

o/
m

l
..

..
 

_ 
_ 

• 
•
•
 

_ 
• 

•
•
•
•
 

.
~
 

O
rb

lc
u

lo
id

e
ln

a
e
.
.
.
.
.
 

•
•
 

_
.
.
.
 

.1
 

• 
• 

re
g

u
/e

ll
a

 m
/n

ul
a 

..
. 
•
•
 

• 

C
y
rt

o
n

o
tr

e
ta

?
 

s
fr

/a
ta

 

S
p

/n
ll
ln

g
. 

ra
d

lo
/a

m
e

ll
o

s
e

 .
..

 
• 

• . ., 
P

./
d

ls
k
/t

e
s
?

 
s
p

.n
O

Y
.a

 
.
.
 

_ 
• 

-
. 

-
~ 

"
ro

tt
e
ts

 d
a

/e
c
a

t/
le

B
 

...
. 

• 
.
:
:
:
;
 

• .
J 

E
o

c
o

n
u

lu
s 

ro
b

u
s
tu

s
 

"4
 

• 
• 

• 
• 

•
•
•
 
_

.
 

_
.
 

•
•
 

_
.
 

•
. 

• 
_ 

•
•
 

~
I 

. ., 
. ., 

,.
 •
•
•
 d
o

l/
n

g
u

/a
 s

p
 . 
..

..
..

..
-

• 
• 

• 
P

lt
y
 •
•
 tr

e
t.

 4
.f

o
rm

l.
 
..

 
•
•
 

• . ,) 
L

I"
 .
.
.
 ,,.?

 ••
 ,. 

III
 

• 

D
lc

ty
o

n
lt

e
s
 
'r

e
d

rl
k
l 

• 
~-

~
 

G
lo

ss
.,

ll
n

a
e 
•
•
 

• 
• 

E
p

h
lp

p
e

/a
s
m

a
 

m
ln

u
tu

m
 .
:
 

• 
~
 
_

.
 

• 
~
 

T
re

m
a
tI

s?
 s

p
. 

• 

Ro
 .,

e"
."

a 
h

o
l.

n
.n

sl
s 

_
_

_
_

_
 

.,
) 

. ., 
..., 

.
~
 

.
~
 

" 
•
•
 "
"
,.

"
. 

"
"
'l

In
..

 
• 

•
•
 

• 
• 

• 
• 

..
I 

S
c
a

p
h

e
la

sm
a

 
c
f.

 
" 
•
•
 /f

f .•
 "

" 
• 

• 
• 

• 
..

. 1
 

fl
i y

.f
re

fa
 

""
""

"c
'/w

 

$
"
o

.d
,l

o
tl

.t
ll

 o
l •

••
 n

a
/.

 
_

_
_

_
_

 

.....
 

0
0

 

l-
t 

\:>
 ;:: t'l'l
 ~ [ 'T1
 

O
 

(F
l 

(F
l 

.....
. r (F
l ~ tl
 

~ ~ >
 

~
 

O
> 
~
 

.....
 

<D
 

0
0

 

.:E
 



FOSSILS AND STRATA 26 ( 1 989) 

.. 
::I 3 

� 
d . I - 4 2  :� d a l - 4 1  

3 . 
d a l - 4 0  

. a l - 3 9  

d a l - 3 8  

3 

d . I - 3 7  

'I'II-r · d a l - 3 11  
3 6 

I I I T • d a l - 3 S 

T T T T  l I l l  I I I I d 8 1 - 3 4 1 1 1 1  
3 o' I I I I 1 T 1 T  .. d a l - 3 3  l l l l 1 1 1  1 1 1 1 1  � d a l - 3 2  

I l l l 1 1 1 1  
3 

d a l - 3 1 

I I I I 1 1 1 1  d a l - 3 o 1 1 1 1  I I I 1 1 T l 1  • d 8 1 - 2 11  
>- :i 3 - 1 1 1 1  J:I 1 1 1 1  - l 1 T l IQ T d a l - 2 .  Q 

d a l - 2 7  
3 

d a l - 2 8  

d a l - 2 5  

3 1  

d a l - 2 4  

l I T T  1 1 1 1  
d 8 1 - 2 3  

3 u  rITT 1 1 1 1  • d 8 1 - 2 2  

I l  I I I 1 1 1 1  
d 8 1 - 2 1  

2 "  
d a  1 - 2 O 

d a l - 1 9  

2 O '  
d a l - 1 8  

d a l - 1 7  

2 
d a l - 1 6 

d a l - 1 5  

m 

.!:! . .. " " -' .. 
Q c: 

Ol iS' " lO 
a: ,.. 
E !! ca Ol 
<f) :: 

o " 
o 
O 

Fig. 9C (caption on p. 15 ) . 

? 

? 

? 

? 

? 

.. 
ei 
U) 

!! 
� 
o " 
� ... (.,) 

? 

? 

? 

.. ;; 
c: " 
c: " 'O ... 
� .! -; 
� 
o 
Cl: 

Ordovician inarticulate lYrachiopods from Sweden 1 9  

� , 

? 

.. , • 
o l tO 

ei. .. � 
Ol � .! j " 
o 
.Q E 
lO f " .. " 
"'I 

? 

? 

I 
c. Cl " .. .. Ol .. I ei. • l! 

1 Q. ca .!! ;; j " � :!! Ol Il � .!:! 
U) � E c: ':: lO � " iS .. 

Ol � ". Il .. c: 
.! � Ol .Q : � § � • " � " � � -; -= � Q. 
Ol .. .. � .! .. Ol 

lO Ol .. E I I :;; tO .! � lO • E " 
� " .! � .i! .!:: � Q. :; .. ! .c: Ol � !! � c: 

.! � Q. � CO " o 
Ol • � " 

.! " o .e '" " ... :: " .!! Q. � Il) .. o o J l Cl . .. III g. ill " , Cl) 



20 Lars E. Holmer 

part of the Skårlov Limestone (Fig. l ;  see also Jaanusson 

1 982b) . The oolitic be ds ( sample GB84-Al ) in the lower 

half of the Våmb Limestone yielded 1 1 3  poorly preserved 

specimens per 1 00 g (Fig. l IA) ;  Numericoma? spinosa is the 

dominant species, having a frequency of 71 % (Fig. l IA) . 

There is a tenfold decrease in the frequency of inarticulate 

specimens in the upper calcisiltite lithology of the forma

tion (sample GB84-A2, which includes the desiccation 

cracks described by Holmer 1 983) ; in this part, Conotreta? 

mica has a frequency of 89% (Fig. l IA) . 

Lasnamagian Stage 

At Gullhogen most of the Lasnamågian Stage is missing at 

the leve l of the upper discontinuity surface in the Våmb 

Limestone (Fig. 1 ) .  In the Kårgårde section the Aserian

Lasnamågian boundary is situated somewhere in the mid

die of the Skårlov Limestone, but there is no conspicuous 

faunal change marking the leve! (Fig. l ;  see alsoJaanusson 

1 963) . 

The major part of the Lasnamågian Stage consists of red 

and grey calcarenites belonging to the Seby and Folkes

lunda limestones, which represent the uppermost two units 

of the 'orthoceratite limestone'  . At Kårgårde both units 

yielded up to 30 specimens per 1 00 g (Fig. l 2A) , whereas a 

much lower frequency was reported from the Seby and 

Folkeslunda limestones in the Vikarby section (Jaanusson 

1 984, Fig. 7) . In the lower Seby Limestone Numericoma? 

spinosa disappears. Hisingerella? unguicula and Eoconulus cf. 

clivosus have their last occurrences within the Folkeslunda 

Limestone (Fig. 9A) ; a new assemblage , including 

Spinilingula radiolamellosa, Biernatia holmi, Eoconulus 

robustus, and Conotreta? siljanensis, appears within the Seby

Folkeslunda interval (Fig. 9A) . However, Conotreta? mica is 

still the dominant faunal element, forming 1 9-47% of the 

assemblages both in the Se by ( samples DLK83-se-1-5) and 

Folkeslunda limestones ( samples DLK83-fo-l , 2, 4) , whilst 

Scaphelasma mica (46% and 57% in samples DLK83-se-5 and 

fo-2) ,  and Myotreta dalecarliea ( 3 1  % in sample DLK83-se-l ) 

are only occasionally dominant (Fig. l 2A) . 
At Gullhogen the argillaceous Skovde be ds are possibly 

equivalent to the uppermost Lasnamågian Folkeslunda 

Limestone (Fig. l ) ;  the fauna of phosphatic inarticulate 
brachiopods is poorly preserved,  yie!ding 62 specimens per 
1 00 g, of which 67% belong to Conotreta? mica ( sample 
GB84-A4; Fig. l IA) .  Both the Våmb Limestone and Skovde 

beds appear to represent condensed sequences, and possi

bly the phosphatic shells have been redeposited and 

mixed; the specimens are generally strongly worn and 

fragmentary. 

Uhakuan Stage 

Jaanusson ( l 982b, p. 2 1 )  noted that the transition to the 

Uhakuan sequence marks the beginning of a period of 

more stable depositional conditions within the central Bal

toscandian confacies belt, possibly due to increased water 

depth. The assemblages of phosphatic inarticulate brachio

pods from Uhakuan sequences in Våstergotland and Dalar

na are the richest and best preserved of all those consid

ered in this monograph. In Dalarna the Uhakuan Stage is 
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represented by bedded calcilutites of the Furudal Lime

stone, yielding on average 33 specimens per 100 g (Fig. 

l 2A-B) ; a maximum of 14 species per sample (DLK83-fur-

6) has been recorded from these beds. In Våstergotland the 

Gullhogen Formation, which yie!ded on average 30 speci

mens per 1 00 g (Fig. 1 1A) ,  is also calcilutitic, but has a 

much higher content of terrigenous clay; it probably repre

sents a sedimentary wedge contiguous with the facies in the 

Oslo region (Jaanusson 1 973, 1982b) . 

In both the Kårgårde section and at Gullhogen, the 

lower boundary of the Uhakuan Stage is associated with a 

conspicuous change in the fauna. At Kårgårde Conotreta? 

mica disappears in the lower part of the Furudal Limestone, 

and it is replaced already as a dominant species by Cona

treta? siljanensis in the uppermost sample of the Folkes

lunda Limestone (where it has an abundance of 40% ;  Fig. 

l 2A) . In the lower five samples in the Furudal Limestone 

(samples DLK83-fur-1-5 ) , Numericoma perplexa is the domi

nant species and forms 28-40% of the assemblages (Fig. 

l 2A-B) . 

Eoconulus cf. semiregularis also appears at the base of the 

Furudal Limestone;  it becomes the dominant species in the 

middle part of the unit ( samples DLK83-fur-6-l 1 ) ,  forming 

20-59% of the fauna (Fig. l 2A-B) . In the upper part of this 

formation ( samples DLK83-fur-1 2-l 6) , Eoconulus cf. semi

regularis disappears and Numericoma perplexa again becomes 

the most common species, occasionally with a frequency of 

up to 87% (sample DLK83-fur-12) , together with Conotreta? 

siljanensis (56% in sample DLK83-fur-13 ;  Fig. l 2B) . In the 

Kårgårde section Eoconulus cf. semiregularis, Numericoma per

plexa and Paldiskites? sp. nov. a are restricted to the Furudal 

Limestone (Fig. 9A-B) . 

At Gullhogen the fauna of the lower Uhakuan Gull

hogen Formation is similar to that of the Furudal Lime

stone (Fig. 8B) , with Conotreta? mica initially present (55% 

in sample GB84-l-5) , and then replaced by Cono/reta? siljan

ensis (in sample GB84-2-3; Fig. l IA) . As in the Furudal 

Limestone, Numericoma perplexa and Eoconulus cf. semiregu

laris are important constituents in the lower Uhakuan se
quence, with the former dominant in six samples (GB84-1-
1 3, 2-3, 5 , 2 1 , 23, 33;  Fig. 1 1A) ,  where it forms 41-71  % of 

the assemblages. Eoconulus cf. semiregularis constitutes 27-
62% of the faun as in seven samples (GB84-2-7, 13 ,  1 9-27) , 

primarily in the upper Gullhogen Formation (Fig. l IA) . 
Scaphelasma mica is locally abundant in the lower part of the 

formation (71  % in sample GB84-l-7) . Specimens of Rowell

ella cf. lamellosa are also comparatively numerous ( 23-28% 

in  samples GB84-l -1 1 ,  2-7, 1 1 ,  1 3, 25, 29; Fig. 1 1A) .  

Hisingerella billingensis, Rosobolus? sp. nov. a, and Cyrtona

treta? striata appear at the base of the Gullhogen Formation 

(Fig. 8B) , with the first two restricted to the lower part of 

the formation. The rare species Aktassia cf. triangularis is 

also restricted to the Gullhogen Formation (Fig. 8B) . 

The upper part of the Uhakuan Stage at Gullhogen is 

represented by bedded calcilutites of the Ryd Limestone 

(yielding on average 20 specimens per 1 00 g; Fig. 1 1A-B) ; 

the unit is a wedge of the upper Furudal Limestone (Fig. 

l ) .  The boundary between the Gullhogen Formation and 

the Ryd Limestone is associated with the appearance of a 

new fauna, including Biernatia holmi, Lingulella? ala ta, Phys-
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per 100 g limestone. The remaining columns show the relative frequencies of those species that form at least 10% of the total fauna in at least 
ane sample. 'Others' include all taxa that constitute less than 10% in all samples. The total number of specimens is given in the column 
farthest to the right. H,  Holen Limestone; Sk, Skovde beds. Figure prepared by Bjorn Lindsten (Stockholm) .  

o/re/a deformis, and Eoconulus robustus (Fig. 8C) . I n  the Kår

garde section these species are known al ready from the 

lower Furudal Limestone. The assemblages in the Ryd 

Limestone are dominated by Scaphelasma mica, forming up 

to 81-85% of the assemblages ( samples GB84-3-45, 65; Fig. 

1 1A-B) . In the lower part of the formation (samples GB84-

2-37, 39) , Cyrtono/reta? stna/a occasionally forms 36--61 % of 

the faun as, whereas Conotreta? siljanensis is abundant 
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throughout the Ryd Limestone (generally forming around 

20% of the assemblages; Fig. l lA-B) . Torynelasma suecicum 

is the only species at Gullhogen that is restricted to the unit 

(Fig. 8e) .  

A single sample ( l  kg) from the type locality of the 

calcilutitic lower Uhakuan Kalla Limestone (Jaanusson 

1 960) on northern Oland (a wedge of the lower Furudal 

Limestone) yielded an assemblage (N=1 23) that includes 

(in order of descending frequency) Eoconulus cf. semiregu

laris (26% ) ,  Gonotreta? siljanensis (24% ) ,  Biernatia holmi 
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( 24% ) ,  Scaphelasma mica (8% ) ,  Spinilingula radiolamellosa 

(6% ) ,  Tegulella minuta ( 3% ) ,  Numericoma perplexa ( 2%) , 

Spondylotreta sp. nov. a ( 2% ) ,  and Physotreta deformis? ( l  % ) . 

The fauna (N=463) extracted from a sample ( l  kg) of the 

calcilutitic Furudal Limestone at Grasgårds Hamn on 

southern Oland is dominated by Eoconulus cf. semiregularis 

(76% ) ,  but includes also Numericoma perplexa ( 1 7% ) , Rowell

ella cf. lamellosa ( 3% ) ,  Gyrtonotreta vestrogothica ( 2% ) ,  Spini

lingula radiolamellosa ( l  % ) ,  Gonotreta? siljanensis ( l  % ) ,  and 

Lingulella? alata (>1  % ) .  A sample (l kg) from the calc-
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Fig. 12. OA-C (pp. 24-26) . Relative frequencies of phosphatic inarticulates at Kårgarde, Dalarna. To the left, frequency of specimens per 
1 00 g limestone. The remaining columns show the relative frequencies of those species that form at least 10% of the total fauna in at least 
one sample. 'Others' include all taxa that constitute less than 10% in all samples. The total number of specimens is given in the column 
farthest to the right. H, Holen Limestone; V, Vikarby Limestone. Figure prepared by Bjorn Lindsten (Stockholm) . 

arenitic upper Uhakuan Persnas Limestone (a wedge of 
the upper Furudal Limestone) on northern Oland lacked 
identifiable phosphatic inarticulate brachiopods. 

In the Scanian confacies belt the upper Uhakuan of the 

lower 'Dicellograptus Shale ' ( Glyptograptus teretiusculus Bio

zone) consists primarily of fine-grained graptolitic shales 

(e .g . , ]aanusson 1 973, Fig. 4D) . These beds are dominated 
by phosphatic inarticulates; in the Koangen core , they 

make up about one half of the entire fauna (Nilsson 1 977) , 

and about 80% of the benthic fauna (Jaanusson 1 984, Fig. 

l )  . 

The inarticulate brachiopods of the 'Dicellograptus 

Shale ' have not been subjected to detailed systematic study 

since the investigations by Hadding ( 19 13 ) , and they are in 

need of revision. Nevertheless, it is clear that the faun as 

from these beds are markedly different compared with 

those of the contemporaneous sequence in the central 

confacies belt. The taxonomic diversity is lower, with only 

six species being recorded from the upper Uhakuan of the 

'Dicellograptus Shale ' (Nilsson 1 977, Table 3) . Of these , 
34% belong to the thin-shelled acrotretacean Hisingerella 

nana ( see Harper, in Harper et al. 1 984 for a discussion of 

this species) , whereas the remainder of the assemblage is 
made up of lingulaceans (Nilsson 1 977, p.  8 ;  ]aanusson 
1 984, Fig. l ) .  

Dallry Limestone 

In Dalarna and Vastergotland the change from the calci
lutitic Furudal Limestone to the mainly calcarenitic Dalby 

Limestone probably marks an increase in water energy, and 

this is associated with a change in the benthic faunas (Jaa

nusson 1 976; 1 982b) . There is a corresponding decrease in 

the abundance and state of preservation of the specimens. 

At Gullhogen the lower part of the Dalby Limestone 

yielded on average six specimens per 1 00 g; and at Kår

garde 1 7  per 1 00 g (Figs. l l B, 1 2B) . In all three sections 

investigated Numericoma perplexa, Lingulella? alata, and Phys

otreta deformis have their last occurrences within the upper 

part of the Uhakuan sequence (Figs. 8e, 9B, 10 ) . At Kår

garde and Fjacka a new assemblage appears near the base 

of the Dalby Limestone .  It includes Nushltiella lillianae, 

Ephippelasma minutum, Myotreta orensis, Rowellella holenensis, 

Spondylotreta orsaensis, and Scaphelasma cf. pusillum (Figs. 9B, 
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10) . The fauna of the same interval at Gullhagen is some

what different, and Ephippelasma minutum and Rowellella 

holenensis are absent (Fig. 8C) . 

In the Kårgårde and Fjåcka sections Conotreta? siUanensis 

and Ephippelasma minutum have their last occurrence within 

the lower part of the Dalby Limestone (Figs. 9B-C, 10) . At 

Kårgårde the lower Dalby Limestone is dominated by Eo

conulus rolYustus and Scaphelasma mica. The former species 
constitutes 20-68% of the assemblages ( samples DLK83-
fur-1 6  - dal- 15 ,  17 ;  Fig. 1 2B-C) . Scaphelasma mica is gener
ally less abundant, with a frequency of 3-54% in the same 
part of the sequence. There are abundant fragments of an 

unnarned species of the Glossellinae at both Fjåcka and 
Kårgårde (Figs. 9B, 10 ) ; at Gullhagen the glosselline is 

missing in the lower Dalby Limestone, and Eoconulus rolYus

tus dominates only in two samples (GB84-3-71 ,  85; Fig. 

l l B-C) . Moreover, Scaphelasma mica and Conotreta? siUanen

sis are absent (Fig. 8C) . 

At Kårgårde there is a further decrease in the frequency 

of phosphatic inarticulate brachiopods from the middle 

Dalby Limestone and upwards; the upper Dalby Limestone 

yielded on ave rage only three specimens per 1 00 g (Fig. 

1 2B-C) . Myotreta orensis and Scaphelasma cf. pusillum domi

nate in the lower part of the upper Dalby Limestone (sam

ples DLK83-dal-1 8  - 29) ; the latter forms 1 0-50% of the 
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assemblages, and the former has a frequency of 24-52% 

(Fig. 1 2B-C) . 

In all three sections under consideration Myotreta orensis 

disappears and is replaced by Rhinotreta davidi in the upper 

part of the Dalby Limestone. At Kårgårde Acanthambonia 

sp. nov. a is restricted ta the same part of the sequence 

(Figs. 8D, 9C, 1 0) . Rhinotreta davidi occurs at frequencies of 

up to 85-91 % in the tap part of the Dalby Limestone, both 
in the Kårgårde section ( sample DLK83-dal-41 )  and at 
Gullhagen ( samples GB84-4-93, 95) . There are almost no 
inarticulates in the upper five metres of the Dalby Lime

stone; this part of the sequence yielded on ave rage less than 
one specimen per 1 00 g (Figs. l l B, 1 2C) . 

In the Scanian confacies belt the boundary between 
Glyptograptus teretiusculus and Nemagraptus gracilis biozones, 

situated within the 'Dicellograptus Shale ' ,  is associated with 

an overall change in the faunas (Hadding 1913 ;  Nilsson 

1 977) . The thin-shelled acrotretacean ' Hisingerella nitens' 

( see Holmer 1 986 for a discussion of this species) , 'Paterula 

bohemiea' , in addition to four lingulaceans and one disci

nacean, enter at the base of the N. gracilis Biozone (Nilsson 

1977, Table 3) . However, as noted above , the changes in 

this fauna must be interpreted with caution, because the 

phosphatic inarticulates in these beds have not been re

vised recently. 
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Fig. 12C (caption on p. 24) . 

Discussion 

The results of this and previous investigations (Bednarczyk 

1 964, 1971 ,  1 986; Bednarczyk & Biernat 1 978; Goryanskij 

1 969; Biernat 1 973; Holmer 1 986; Kaljo et al. 1 986) indicate 
clearly that Ordovician phosphatic inarticulate brachio
pods can be useful for biostratigraphic correlations. How

ever, data sufficient for a regional biostratigraphical zona

tion are not yet available .  

In the Viru sequence of  Dalarna and VastergotIand suc
cessive lithostratigraphic units are characterized by distinct 
assemblages of phosphatic inarticulates, permitting satis

factory correlations between the two provinces (Fig. 1 3 ,  

Table 1 ) .  In  Dalarna and Vastergotland there are major 

changes in the fauna primarily at the following five strati

graphical leveis: ( 1 )  the Kundan-Aserian boundary, 

( 2) the Seby-Folkeslunda interval, (3)  the Lasnamagian

Uhakuan boundary, (4) the Uhakuan-Dalby boundary, 

and (5)  at the boundary between the lower and middle 

Dalby Limestone (Fig. 1 3 , Table 1 ) .  These levels are also 

associated with major changes in the fauna of trilobites, 

articulate brachiopods, and ostracodes ( see Jaanusson 

1976 for details) . The environmental parameters that con

trolled the distribution of other benthic organisms in the 

Ordovician of Baltoscandia seem to have affected the phos

phatic inarticulate brachiopod faunas as weU .  
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In general, the Ordovician faun as appear to be richer 

and more diverse in calcarenitic calcilutites than in calcare

nites. It is also clear that the spatial distribution of phos

phatic inarticulate brachiopod assemblages was influenced 
by the ecological factors con trolling the confacies beits. For 
example, the faunas of the Scanian confacies belt are com

pletely different from those of the central confacies belt. 
The biostratigraphic succession from other districts 

within Sweden has not yet be en studied in detail, but 
preIiminary results presented here indicate that the Viru 
sequences in Jamtland and on Oland contain closely com

parable assemblages. 

A few of the species investigated appear to be distributed 

widely also outside Baltoscandia; for example, the speci

mens here assigned to Scaphelasma mica Popov and Ephippe

lasma minutum Cooper are indistiguishable morphologi

cally from those described from the Middle Ordovician of 

Kazakhstan ( s. mica) and Alabama (E. minutum) . At the 

generic level many phosphatic inarticulates appear to have 

almost cosmopolitan distribution (see also RoweU I 986) . 

Life habits 

As noted above , the distribution in time and space of most 

Ordovician phosphatic inarticulate brachiopods appears to 
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Fig. 13. Pool ed stratigraphical ranges of selected species of phosphatic inarticulate brachiopods in the examined sequence. Figure prepared 
by Lennart Andersson (Stockholm) . 

be comparable with that of other benthic organisms. How

ever, some species appears to have a wide, and sometimes 

almost cosmopolitan distribution, which is otherwise quite 

uncommon during the Ordovician; this can possibly be 

explained by an extensive larval dispersal through a pro

longed pelagic larval phase ( see Rowell 1 986 for a detailed 

discussion) . 

There is no direct evidence for a planktic or epiplanktic 

mode of life among the phosphatic inarticulate brachio

pods investigated for this study, possibly with one exception 

- species of Paterula appear to be distributed world-wide 
during the Ordovician, and in all types of lithofacies; Pater

ula is com mon in the Viru graptolitic shales of Scania, as 
well as in the contemporaneous limestone sequences. 

Moreover, Popov et al. ( 1 982) suggested that the special

ized pitted surface ornamentation of the extremely thin

shelled paterulids indicates a high ly vesicular periostra

cum, which may be associated with a prolonged postlarval 

planktic stage, possibly spanning most of the adult stage . 

Nevertheless, it has been suggested repeatedly that many 

of the small-shelled lower Palaeozoic inarticulates were 

epiplanktic, and attached to some kind of floating object, 

e .g . ,  Sargassum-type algae . As noted by ]aanusson ( 1 984) 

and Bassett ( 1 984) , little evidence ( save for the occasional 

chance attachment of craniaceans and discinaceans to 

cephalopods; see, e .g . ,  Havlicek 1972; Lockley & Antia 

1 980) has been presented, so far, in support of this very 

specialized mode of life. Although the numerous proposals 

have been reviewed previously, notably by Rowell & Krause 

( 1 973) , Percival ( 1 978) , Williams & Lockley ( 1 983) , Wil

liams & Rickards 1 984) , and Harper et al. ( 1 984) , the 

subject merits some further comment. The following four 

points need to be considered: 

( l )  The presence of rich assemblages of minute , thin

shelled brachiopods in black graptolitic shales orginally 

lead Schuchert ( 1 91 1 ) ,  Ruedeman ( 1 934) , and Bulman 

( 1 964) to argue for an epiplanktic mode of life, as these 

sediments supposedly represent an anoxic benthic envi
ronment. However, it is evident that black shales (in a 
broad sense) can be forrned in various environments, from 
shallow water down to the deep sea, and probably also in 

moderately oxic conditions (e .g . ,  Wetze1 1 982, p. 43 1 ) .  

(2 )  Havlfcek ( 1 967) and Bergstr6m ( 1 968a) presented 
more direct evidence for an epiplanktic life habit, and 

illustrated assemblages of min ute and thin-shelled aegiro

menines and obolids, arranged in rows or clusters, and 

occasionally in contact with possible traces of ' algal ' re

mains. However, Sheehan ( 1 977) and Hurst ( 1 979) noted 

that these assemblages might equally well have be en at

tached to benthic algae . Sheehan ( 1 977) , ]aanusson 

( 1 984) , and Bassett ( 1 984) have pointed out that the small, 

thin-shelled brachiopods could have tolerated oxygen defi

ciency and lived in or upon a fine-grained soft bottom (see 

also Thayer 1 975; Fiirsich & Hurst 1 974) . Moreover, ]aa-
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Table 1 .  Summary of stratigraphical distribution of species in Dalarna and Vastergotland. Open symbols denote questionable identifications. 

Dalarna Vastergotland 
Ho Kå Vi Sk Se Fo Fu Da Ho Vå Sk Gu Ry Da 

Lingulacea 
Rosobolus? sp. nov. a * 
Expellobolus? sp. nov. a * 
Linguleila? alata � * * 
Spinilingula radiolamellosa � * * � 
Paldiskites? sp. nov. a * 
Rowellella cf. lamellosa * * * * * � * � 
Rowellella holenensis * * 
Pseudolingula sp. * * * * * 
Lingulellinae * * * * * * * * * * * * 
Glossellinae * * 

Acrotretacea 
Conotreta? mica * * * * * * * * * * 
Conotreta? siljanensis * * * * * � 
Hisingerella billingensis * 
Hisingerella? unguicula * * * * * * * * * * 
Cyrtonotreta vestrogvthica * * 
Cyrtonotreta sp. a * * * * 
Cyrtonotreta? striata * * * * 
Cyrtonotreta? sp. b � * * 
Physotreta deformis � * * � * 
Spondylotreta orsaensis * * * 
Spondylotreta sp. nov. a � * * * * 
Torynelasma sueacum * 
Torynelasma sp. * * 
Acrotretella sp. * 
Aktassia cf. triangularis * 
Myotreta aff. crassa * 
Myotreta dalecarlica * * * * * * * � * � 
Myotreta orensis * * * 
Rhinotreta davidi * * 
Numericoma simplex * * 
Numericoma perplexa * * * 
Numericoma? spinosa * * * * * * � 
1<-phippelasma minutum * * 
Biernatia holmi * * * * * * 
Biernatia sp. * * * * * * * * 
Scaphelasma mica * * * * * * � * * * � 
Scaphelasma sp. nov. a * * 
Scaphelasma cf. pusillum * * 
Scaphelasma? rugosum * 
Eoconulus cf. clivosus * * * 
Eoconulus cf. semiregularis * * * 
Eoconulus sp. nov. a * 
Eoconulus cf. cryptomyus * 
Eoconulus robustus � * * * * 

Discinacea 
Trematis? sp. * * 
Orbiculoideinae * * * * * * * * * * * 

Siphonotretacea 
Nushbiella lillianae * * * * 
Acanthambonia delicata * * * 
Acanthambonia sp. nov. a * 

Pateri nacea 
Dictyonites fredriki * � 
Dictyonites sp. * � 

Problematica 
Tegulella minuta * * * * * * * * 
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nusson ( 1 984) noted that the aegiromenines lacked a ped

ide by which to attach themselves to the floating algae . 

( 3 )  In many instances the inarticulates occurring in the 

graptolitic shales were obviously components of the ben

thic fauna. Silurian lingulaceans from graptolitic lami

nated argillaceous sequences in the Welsh Borderland 

have been found in apparent life position, perpendicular 

to the bedding (Cherns 1 979; Bassett 1 984) . Moreover, 

Cisne ( 1 973, p. 1 5 )  noted the occurrence of still articulated 

lingulacean brachiopods in laminated argillaceous grapto

litic rocks ( ' Beecher's trilobite bed' )  in the Upper Ordovi

cian of New York State . Cisne's  analysis of this assemblage 

(which is known mainly through the excellent preservation 

of trilobites with soft parts) indicates that it was forrned by 

an almost instantaneous burial by a turbidity flow; it is 

evident that the lingulaceans in this case belonged to the 

benthic fauna. Lingulids in life position from Ordovician 

deep water carbonates have also been reported by Pickerill 

et al. ( 1 984, and references therein ) . 

( 4) The entire fauna of the black Harju Fjiicka Shale (a 

widespread unit  in Sweden) was interpreted as represent

ing an epiplanktic Sargassum-type assemblage by Spjeldnaes 

( 1 978) . However, among other things, the phosphatic inar

ticulate brachiopods from these beds in du de well pre

served, articulated speeimens of an undescribed obo lid 

species (probably a glosselline; see also Savazzi 1 986, p. 59) . 

The shells of this species have well developed terrace lines 

that in all probability represent burrowing sculptures, thus 

pointing towards an infaunal life habit of the oboIid 

(Savazzi 1 986 and references therein) .  As noted by many 

previous authors (e .g . ,  Cherns 1 979; Jaanusson 1984) , it is 

most unlikely that the pedide, in demonstrably dosely 

related lingulacean species, could have functioned both for 

an infaunal and epiplanktic mode of life .  

(5 )  The fauna associated with the minute and thin-shelled 

brachiopods in many Lower Palaeozoic graptolitic shales 

indudes trilobites, phyllocarids, bivalves, gastropods, hyo

liths, machaeridians, annelids, and sponges (see, e .g . ,  Jaa

nusson 1984, Fig. 2; Nilsson 1 977, Table 3) . It is most 

unlikely that all of these forms were planktic or epiplanktic. 

Epifauna 

Most of the acrotretaceans seem to have been part of the 
benthic epifauna, and the following three possible types of 

strategies may be envisaged for the taxa under consider

ation: 

( l) A persistent peduncular attachment throughout life 

appears to have been the most common strategy in the 

faunas investigated. The brachiopods were probably able to 

attach themselves to relatively small scattered skeIetal 

grains in the soft bottoms ( see Bassett 1 984, for a review of 
this life habit) . It is somewhat surprising that the phos

phatic inarticulates appear to be more common in fine 

grained and calcilutitic limestones than in calcarenites. It 

would appear that the availability of suitable grains for 

attachment should have been higher in coarser grained 

sediments, but these were probably forrned in high water-
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energy environments, which may have been less suitable 

for these small and relatively delicate organisms. 

Perishable organic substance (algae , etc . )  may have be en 

used for attachment ( see also Bassett 1984) , and living or 

dead sponges could also have provided substrate . The Mid

dIe Cambrian paterinid Dictyonina was found attached to 

the sponge Pirania from the Burgess Shale of British Co

lumbia (Whittington in Conway Morris et al. 1 982, p. 25, Pl. 

R) ; among fossil and Recent articulate brachiopods attach

ments to sponges are well known (see Ager 1 967, and 

references therein) . Attachment of small-shelled inarticu

lates to sponges has been suggested more recently by Per

cival ( 1 978) and Holmer ( 1 986) . 

(2 )  Among the phosphatic inarticulate brachiopods, an 

enerusting mo de of life appears to have developed inde

pendently at least twice. Rowell & Krause ( 1 973) diseussed 

this life habit, known from species of Undiferina and Eoconu

lus. They suggested that algae forrned a possible substratum 

for speeies of Eoconulus, the ventraI valve of which fre

quently has a cylindrical attachment se ar (Fig. 37A) . How

ever, most species of Eoconulus do not seem to have been 

restricted to a specific substrate . VentraI valves of a species 

in an assemblage show a number of different types of 

attachment scars, indicating the following types of substra

turn: ( l) flat (Fig. 106E) , (2 )  cylindrical (Fig. 37A) , 

(3 )  ridges with (Fig. 1 06A) or without (Fig. 1 07A) nodes, 

and (4) completely irregular (Fig. 1 07C) . Fragments of 

conulariid tests, ornamented with noded ridges that agree 

with the configuration of the attachment se ar of Eoconulus 

are common in the insoluble residues, but no attached 

euconulid ventraI valve has been observed. The ventraI 

periostracum of the euconulids was probably not attached 

to the substrate as firmly as that in Recent craniaceans ( see,  

e .g . ,  Williams & Wright 1 970) , or else the substrate was 

calcareous ( and has disappeared in the etching proeess ) .  

VentraI valves of speeies of Eoconulus are less common 

than dorsal valves (Figs. I l, 1 2 ) ; this fact lead Popov ( 1 975) 

to suggest that Eoconulus had an epiplanktic mode of life .  

However, it is evident that the ventraI valve of  all euconulid 

speeies was mineralized late in ontogeny; the adult ventraI 

valve of E. cf. cryptomyus and E. robustus (Fig. 1 09)  was 

commonly mineralized only partially. 

(3 )  The pedide of some siphonotretaceans, like Acanth

ambonia delicata (Fig. 1 1 4A-K) seems to have atrophied 

during ontogeny, and adults of such speeies were free

lying, probably using the spines for stabilization. Popov & 

N6lvak ( 1 986, Pl . 1 : 1 )  illustrated some hook-like spines of 

Acanthambonia portranensis, indicating attachment to min

ute cylindrical objects, possibly sponge spicules (L. E. 

Popov, personal communication 1 986) . 

Endofauna 

It is generally assumed that most Palaeozoic lingulaceans 

had a burrowing, infaunal life habit, similar to that of their 

Recent representatives. Although direct evidence for this is 

laeking for most speeies, there is a considerable number of 

reports of Palaeozoic lingulaceans still found in vertical life 
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position (for a summary, see Paine 1 970 and Pickerill et al. 

1984) . 

Seilacher ( 1 972) and Savazzi ( 1 986) noted that the spe

cialized ornamentation (with so-called terrace lines) of 

severai lingulacean genera appears to be analogous to the 

burrowing sculptures found among severai infaunal arthro

pods and molluscans. Moreover, the general shell shape of 

most lingulacean brachiopods, as well as the distribution of 

repaired injuries on the shell margin support the interpre

tation that these forms were infaunal organisms (Savazzi 

1 986 and references therein) . 

Of the lingulacean species incorporated in this study, 

only Spinilingula radiolamellosa (Fig. 50A-E) and an un

named species of the Glossellinae (Fig. 53G-H) possess 

well deve!oped divaricate terraces that are more or less 

identical to those described by Savazzi ( 1 986, Fig. 8 )  in 

Spinilingula intralamellata and Glossella papillosa. The poorly 

preserved fragments of Pseudolingula (Fig. 53A-D) from 

the Viru sequence do not show evidence of the burrowing 

terraces described by Savazzi ( 1 986, Fig. 4E) from the 

Upper Ordovician Pseudolingula quadrata ( see also Goryan

skij 1969, Pl. 6 :6) . 

None of the lingulaceans discussed in this paper were 

found in life position, but an undescribed species of Glos

sella is known to occur in such a position in the Middle 

Ordovician Skål berget Limestone at Skålberget quarry, Da

larna (Vaidar Jaanusson, personal communication 1 985) , 

and I have also found severai species of Pseudolingula ( in

cluding P. quadrata) in vertical positions (with the anterior 

magin pointing upwards) in the Ordovician sequence in 

Sweden and Estonia. 

Bassett ( 1 984) suggested that some of the minute lower 

Palaeozoic acrotretaceans ( like the e!ongate Silurian ap

siconidion) could have been adapted to an interstitial way of 

life, comparable with that of the Recent articulate brachio

pod Gwynia capsula. The fact that the faunas described here 

are more abundant and diverse in calcilutitic sequences 

(where the size of individual pores in the sediment must 

have been extremely small) ,  seems to sugge st that such a 

life habit was uncommon. 

Morphological terms 
The terminology used currently in describing the morphol

ogy of phosphatic inarticulate brachiopods is com para

tively stable; only a few additions to the list of Williams & 

Rowell ( 1 965a) have been made . Krause & Rowell ( 1 975, p .  

1 4) introduced the term surmountingplate for the platform 

that is developed on top of the dorsal median septurn in 

members of the acrotretid subfamilies Torynelasmatinae 

and Biernatinae ( see, e .g . ,  Figs. 74, 96) . The same term has 

been used in describing the dorsal median septurn of Num

ericoma and Ephippelasma (e .g . ,  Figs. 86-89) ,  but it should 

be noted that the formation of the surmounting plate in 

most ephippelasmatines is different from that in the bier

natines and the torynelasmatines ( see also below, p. 1 22) . 

The term median buUress was introduced by Krause & 

Rowell ( 1 975) to denote the thickened knob-like projec-
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tion situated at the posterior end of the dorsal median 

septurn in many acrotretines ( see, e .g . ,  Fig. 54B) . They also 

introduced the term interridge, signifYing a convex exterior 

ridge running from the apex to the posterior margin on 

the ventrai pseudointerarea of some acrotretids (cf. inter

trough, Williams & Rowell 1965a, p .  H 1 46; see, e .g . ,  Fig. 

6IH) . 

Havlicek ( 1 982, p. 1 3) proposed that internal area should 

be used for the low pseudointerareas of most members of 

the subfamily Lingulellinae (cf. pseudointerarea, Williams & 

Rowell 1 965a, p. H 1 5 1 ;  see, e .g . ,  Fig. 48K, N) . Many previ

ous workers have used median plate or median depression ( see,  

e .g . ,  Rowell 1 965, p .  H263; Havlfcek 1 982, p .  1 3) ,  when 

referring to the concave central part of the dorsal pseudo

interarea ( see,  e .g . ,  Figs . 50B, 61E) . However, median groove 

is preferred here. 

The new term posterior platform is introduced for the 

raised area at the posterior end of the dorsal median 

septurn of the biernatines (see, e .g . ,  Fig. 95G) . 

The descriptive terms fila, ruga, lamella, capilla, applied 

to various types of brachiopod ornamentation, are used in 

the sense of Williams & Rowell ( 1 965a) ; the spacing is given 

in numbers per millimetre, or, if minute , as distance in 

micrometres between elements. Growth line is used widely 

for any unspecified kind of concentric ornamentation re

lated to periodic growth. 

The terminology describing the shell structure, ontog

eny, and micro-ornamentation of the inarticulate brachio

pods is discussed separate ly below. 

Shell structure 

The detailed shell structure of Recent phosphatic inarticu

late brachiopods has been poorly known until recently, but 

studies by Iwata ( 1 98 1 a, 1981  b, 1982;  see also Watabe & Pan 

1984) on the ultrastructure and mineralization of Lingula 

anatina, GloUidia pyramidata, and Discinisca laevus have 
greatly expanded our knowledge in this field; the work by 
Williams & MacKay ( 1 979) on the morphology of the peri
ostracum of Discinisca strigata, Discina striata, Pelagodiscus 

atlanticus, Glottidia pyramidata, and Lingula anatina, and by 
Williams ( 1 977) on the ultrastructure of the mantle edge 

in Glottidia pyramidata, have also contributed significantly 
to the understanding of the formation and structure of 

phosphatic brachiopod shells. 

Much less is known about the shell structure of fossil 

phosphatic brachiopods, with only a few detailed studies 

based on SEM investigations of etched sections. Poulsen 

( 1 971 ) published some SEM-photographs of cross-sections 

of fractured shell surfaces in an unnarned acrotretacean 

species (probably a member of the subfamily Acrotretinae) 

from the Middle Ordovician 'Ampyx Limestone' of Nor

way. Biernat & Williams ( 1 97 1 )  studied the shell structure 

of Ordovician siphonotretacean brachiopods. The shell 

structure of some lingulaceans and acrotretaceans was illus

trated by Hewitt ( 1 980) , and more recently, Popov & Usha

tinskaya ( 1 986) illustrated cross-sections of broken shell 

surfaces in some Cam brian and Ordovician phosphatic 
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inarticulates. Passing reference to the shell structure of 

these brachiopods has been made by, e .g . ,  Popov et al. 

( 1 982) , Rowell & Henderson ( 1 978) , Holmer ( 1 986) , and 

Rowell ( 1 986) . 

The following section of this monograph describes the 

shell structure of phosphatic inarticulate brachiopods 

(mostly from the Middle Ordovician)  by means of SEM 

investigations and examination of thin sections in transmit

ted light. Two main types of shell structure can be distin

guished, the first typified by members of the superfamilies 

Lingulacea and Discinacea (Fig. 2 1 ) ,  whilst the second was 

found exclusively in the examined acrotretaceans (Fig. 40) . 

The shell structure of the siphonotretaceans was not exam

ined (for this group, see Biernat & Williams 1971  and 

Popov & N6lvak 1 987) . 

Most of the material used comes from the Viru sequence 

under consideration, but some well preserved Cambrian 

and Silurian forms from other areas have been included for 

the purpose of comparison. 

For the study of intern al structure under the SEM, spec

imens embedded in plastic resin (Polyester Giesshartz

GTS, manufactured by Vosschemie) were sectioned, pol

ished and subsequently etched with 4% HCl for about four 

seconds before coating. In most cases the counterpart of 

the embedded and sectioned valves was used to make thin 

sections for examination in transmitted light. 

The outermost shell layer is called the primary layer. 

Interior to this there is a secondary layer, and occasionally, a 

tertiary layer can be distinguished.  The term laminae is used 

to denote shell layers thicker than 4 11m, whereas lamellae 

are comparatively thinner layers, 1 -4 11m thick. In this way, 

a lamina can consist of several lamellae (e .g . ,  Fig. 40) . 

The detailed composition of the shell mineral was not 

determined, but previous investigations have indicated 

that it consists of francolite (e .g . ,  McConnell 1 963) . SEM 

examination (including some EDAX analysis) indicates 

that the shells consist of the following three morphological 

types of calcium phosphate : ( l )  granular apatite , (2 )  acicu

lar apati te , and (3 )  an unidentified type of cryptocrystal

line ( ' collophane-like ' )  calcium phosphate, which in the 

following is abbreviated to CCP. The first two types are 

generally birefringent in polarized light, and show a pre

ferred orientation of the apatite c-axes. In the CCP, the 
birefringence is comparatively weaker or missing alto
gether, which probably indicates that the size of the crystal

lites is very small or that the apati te c-axes do not have a 

preferred orientation. The CCP is generally more resistant 

to etching (in 4% HCl) than the granular and acicular 

apati te . In etched sections examined under the SEM and 

in transmitted light, the CCP has a more porous appear

ance than the two first types, but it is pro bable that the 

etching process has exaggerated the porosity somewhat; in 

some sections the plastic resin (used in the embedding 

pro cess) has partly filled the empty spaces. 

The term crystallite ( in discussing the shape and size 

under the SEM) , is used in a morphological sense , as 

neither X-ray diffraction nor any other method of deter

mining single crystals were used. 

The terms baculae (Latin baculum, small rod) and baculate 

structure are introduced here to denote the minute apatitic 
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rods that form a criss-crossing ( ' lattice-like ' o f  Iwata 1 982;  

'X' figures of Watabe & Pan 1 984) pattern in the organic 

laminae of the secondary shell layers of Recent lingula

ceans ( Glottidia; Fig. 2 1 )  and discinaceans (Discinisca; Fig. 

2 1 ) .  The baculate structure was first described by Iwata 

( 1 982, e .g . ,  Fig. 1 :2 ) , who showed that the baculae repre

sent mineralized organic fibrils. Baculate structures are 

here identified also from the secondary layers of Ordovi

cian and Silurian discinaceans and lingulaceans (e .g . ,  Figs. 

15 ,  18 ) . 

In acrotretaceans, the term columnar layer (Fig. 40) is 

introduced to denote a secondary or tertiary layer in which 

discrete lamellae are connected to each other by minute 

columns ( referred to as pillars by Poulsen 1971  and Rowell 

1986) that are perpendicular to the lamellae (e .g . ,  Fig. 22F; 

see also Poulsen 1 97 1 ,  Pl . 5 ) . The term camerate layer (Latin 

camera, chamber; Fig. 40) is used in describing a secondary 

layer, in which discrete lamellae are connected to each 

other by thin perpendicular walls (referred to as support

ing ridges by Rowell 1 986) . The walls form irregularly 

shaped polygon al chambers in a honeycomb-like pattern, 

which is best observed on the surface of exfoliated speci

mens, where the primary layer is peeled off (e .g . ,  Fig. 28A; 

see also Holmer 1 986, Fig. 50 and Rowell l 986, Fig. 1 :3-4) . 

The chambers of the camerate layer are sometimes elon

gated in the direction of growth, to form parallei ' tubes' of 

rectangular cross section ( see also Poulsen 1 971 , Fig. 4) . 

Lingulacea, Discinacea and Acrothelidae 

Lingulacea 

Of the five lingulaceans described and discussed below, two 

are from outside the study area, but have a shell structure 

that is considered significant for the interpretation of the 

three Middle Ordovician species. 

( 1 )  The stratigraphically oldest shells examined belong to 

the early Tremadoc Ungula ingrica (= Obolus apollinis Eich

wald of most previous authors, including Mickwitz 1 896, p .  

1 33,  and Rowell 1 965, p .  H264; sensu Popov in Kaljo et  al. 

1 986, p. 1 0 1 )  from the Maardu Member, Kallavere Forma
tion atJågalaJuga, northern Estonia. The shell structure of 
this species ( referred to as Obolus Apollinisvar. maximus) was 
described by Mickwitz ( 1 896, pp. 1 02-1 06, Pl. 3 :30-32;  see 

also Walcott 1 908, p. 152 ,  Fig. 5, Pl. 1 2 : 1 1-1 2 ,  1 9 12 ,  p. 300, 

Fig. 1 5 ) . In the available material , both valves are fragmen
tary and heavily worn. The specimens were prepared me

chanically from the friable sandstone, and some midsagit

tal sections were studied in transmitted light and under the 

SEM. 

The outermost primary layer (referred to as the ' aussere 

Schalenlamellen' by Mickwitz 1 896, p. 1 03,  Pl .  3 :30) is not 

preserved in the material investigated here, but the second

ary and tertiary layers ( referred to collectively as the ' Ver

dickungslamellen' by Mickwitz 1 896) are well shown (Fig. 

1 4A) . 

The secondary layer is of variable thickness, reaching up 

to about 0 .6  mm anteriorly. As noted by Mickwitz ( 1896) , 



32 Lars E. Holmer FOSSILS AND STRATA 26 ( 1 989) 

Fig. 14. DA. Midsagittal section through a dorsal valve of the lower Tremadoc Ungula ingrica (Eichwald, 1 829) sensu Popov ( 1 986, p. 1 0 1 ,  in 
Kaljo et al. 1 986) , showing the secondary (se) and tertiary ( te)  layers; the location of B-E is indicated by an open square; Maardu Member, 
Kall ave re Formation,JagalaJuga, Estonia; Br 1 33665 , x26. DB. Detail of A, showing the secondary layer with an alternation between baculate 
and lamellose laminae; ba, baculum; x1 200. D e. Detail of A, showing criss-crossing baculae in the secondary layer; x3071 . O D .  Detail of A, 
showing baculate laminae; x3700. DE.  Detail of D, showing baculae consisting of acicular apati te crystallites; x5700. 

this layer consists of two alternating types of laminae , both 

of which are wedge-shaped in sagittal section and inclined 

at about 20-300 relative to the exterior of the valve. The first 

type consists of numerous thin apatitic lamellae, which 

have a homogenously granulose appearance (described as 

' homogene hornige Masse' by Mickwitz 1896, p. 1 05 ;  Fig. 1 4B) ; 

the orientation of the apati te c-axes is parallei to the lamel

lae. 

The second type of lamina lacks lamellae , and it is pro

portionally thicker than the first type (Fig. 1 4A) ;  these 

laminae have a porous appearance. They have a baculate 

structure , with a criss-crossing pattern of apatitic baculae 
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( about 15 11m long and 350 nm wide) ,  which are inclined 

at varying angles to the laminae . This structure was de

scribed by Mickwitz ( 1 896, p .  1 05)  as ' kalkige, mit feinen 

verzweigten Rohrensystem durchsetzte Masse' . The baculae con

sist of needle-shaped apatite crystallites (Fig. 1 4B-E) ; the 

individual crystallites are about 200 nm wide and 2000 nm 

long, arranged with their long axis parallei to the baculae . 

The alignment of the crystallites appears to agree with the 

preferred c-axis orientation. The interbacular spaces are 

filled with CCP (Fig. 14E) . 

Interior to the secondary layer, a tertiary layer is devel

oped (about l mm thick) , consisting of numerous thin 

granulose lamellae , whereas the baculate laminae are even 

thinner or lacking (Fig. 1 4A) . The layer has a very weak 

birefringence; the preferred orientation of the c-axes ap

pears to be parallei to the lamellae . 

On the interior of the dorsal and ventraI valves of U. 
ingrica, there are numerous shallow 'pores' (referred to as 

'Bohrgiinge ( ?) von Parasiten' by Mickwitz 1 896, Pl .  3 :3 1 ) .  

( 2) The stratigraphically youngest lingulacean examined is 

an as yet undescribed species of Pseudolingula?, from the 

Silurian Hemse be ds of Gotland. This species is repre

sented by some articulated shells, still within matrix. The 

primary layer is 4 11m thick and has a granular structure 

(Figs. 1 5A-B, 2 1 ) .  The birefringence is weak; the preferred 

c-axis orientation appears to be parallei to the outer sur

face .  

The secondary layer is about 35 11m thick. Posteriorly, i t  

consists of a single lamina parallei to the outer surface. 

Anteriorly, wedge-shaped laminae are developed, inclined 

at about 1 0-300 relative to the outer surface . All laminae 

have criss-crossing baculae, about 700 nm wide and 15 11m 

long (Figs. 15 ,  2 1 ) ,  consisting of flattened, stacked platelets 

of apatite (Fig. 1 5B-C) . The spaces between the baculae 

are filled with CCP (Fig. 1 5A) or less commonly empty 

( secondarily filled with drusy calcite ; Figs. 1 5B-C, 2 1 ) .  The 

secondary layer has a strong birefringence, with c-axes 

almost perpendicular to the outer surface of the valve. 

Inside this layer there is a single lamella consisting of 

granular apatite; it is strongly birefringent, with the c-axis 

parallei to the lamella. 

The shell structure of Pseudolingula quadrata (Eichwald) ,  
from the Upper Ordovician Vormsian Stage of Estonia, 
appears to be similar to that of the Silurian species de

scribed above ( see also Mickwitz 1 896, p. 1 07, Pl. 3 :36-37) . 

(3 )  Some unoriented sections through the ventrai valves of 

an unnarned lingulacean, Obolinae? gen. et sp . a, from the 

Seby Limestone show a primary layer, 3 11m thick, which has 

a granular appearance (Figs. 1 6A, 2 1 ) .  The secondary layer 

is of uniform thickness (about 20 11m) and consists of a 

single lamina parallei to the outer surface; it appears to 

consist entirely of CCP, and has a porous appearance. 

There are criss-crossing hollow tubes of circular cross sec

tion, about 450 nm wide and 10 11m long (Fig. 1 6A) . The 

empty tubes may have contained unmineralized organic 

fibres, but it is also possible that they were forrned through 

the etching process ( see also discussion below) . 
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Fig. 15 .  DA. Midsagittal section through a dorsal valve of a com
plete articulated shell of the Silurian (Ludlow) Pseudolingulåi sp. 
nov. , showing the criss-crossing pattern of baculae and interbacu
lar spaces filled with cryptocrystalline apatite (CCP) ; pr, primary 
layer; se, secondary layer; Hemse beds, Petesvik, Gotland; 
Br1 24967, x l OOO. DB.  Detail from another section of A, showing 
the apatitic baculae surrounded by secondary calcite , the location 
of C is indicated; x1 400. DC.  Detail of B,  showing baculae which 
appear to consist of stacked platelets of apatite; x7000. 

(4) In a midsagittal section through the ventrai valve of 
Rosobolus? sp . nov. a (Fig. 1 6B-D) , the primary and second

ary layers are poorly developed. There is a very thin outer

most primary layer, which is absent in sections through the 

umbonal region, where the larval shell forms a well defined 

plate , 8 11m thick ( indicated by an arrow in Fig. 1 6B) . 

In the secondary layer there is an alternation between 

thick laminae consisting of numerous thin lamellae , and 

proportionally thinner non-lamellose laminae. The thick 

lamellose laminae have a gran ul ar microstructure ; they are 

strongly birefringent with the c-axes oriented parallei to the 
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Fig. 16. DA. Section through a fragmentary ventrai valve of Obolinae? gen. et sp. a, showing the criss-crossing pattern of hollow tubules in 
the CCP; note that this pattern might be partly due to the etching proeess; pr, primary layer; se, secondary layer; Seby Limestone (sample 
DLKS3-se-2) ;  Br133614b, x332S. D B-D. Midsagittal section through a ventral valve of Rosobolus? sp. nov. a; Gullhogen Formation (sample 
GBS4-1-1 ) ;  Br l 32594c. DB .  Posterior portion of the valve, showing the shelf-like pseudointerarea; the edge of the larval shell is indicated by 
an arrow; x207. De. Detail ofB, showing numerous laminae, which con sist ofporous 'collophane-like ' CCP; x665. OD .  Detail of B, lar= larval 
shell, co = cryptocrystalline apati te (CCP) ; xl 90S. 

lamellae (Fig. 1 6D) . The thinner laminae are of uniform 

thickness ( about 5 �m) and appear to consist of porous 

CCP (Fig. 1 6D) . As in the unnamed oboline speeies de

scribed above , there is a criss-crossing system of empty 

tubes in the CCP. The larval shell consists of a CCP-like 

substance, and in both cases the birefringence is weak. In 

sections through the shelf-like raised pseudointerarea, the 

laminae of CCP are more numerous and thicker than in 

the remainder of the shell (Fig. 1 6B-C) . 

(5 )  In the ventrai valves of Rowellella cf. lamellosa, the pri

mary layer is 4 �m thick and lamellose, with a gran ul ar 

microstructure (Fig. 1 7C) . The primary layer is weakly 

birefringent, with a preferred orientation of the c-axes 

parallei to the outer surface ;  this layer is absent in sections 

through the umbo, where the larval shell is developed (Fig. 

1 7A) . 

As in Rosobolus? sp. nov. a, the secondary layer consists of 

lamellose laminae that are separated by non-laminose lam

inae (Fig. 1 7B) . The lamellose laminae are of uniform 

thickness ( about 1 2  �m) ; they are strongly birefringent, 

and have the apatite c-axis arranged parallei to the lamel

lae .  The non-lamellose laminae are wedge-shaped, up to 
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Fig. 1 7. DA. Midsagittal section through a ventral valve of Rowellella cf. lamellosa Popov; the edge of the larval shell is indicated by an arrow; 
Ryd Limestone (sample GB84-3-43) ;  Br1 328S6b, x200. DB. Detail of the anterior section of A, showing the primary layer (pr) and the 
alternation between wedge-shaped laminae (we) and lamellose laminae (la) in the secondary layer; the location of C is indicated; x600. DC.  
Detail of B, showing the granular and lamellose primary layer, and the CCP in the wedge-shaped laminae; x4S00. 

1 80 �m long and 30 �m thick, with a somewhat granular 

appearance (Fig. 1 7B-C) , but there is no birefringence 

observed in polarized light. The larval shell is a well defined 

separate plate (arrow in Fig. 1 7A) , consisting of a substance 

that is similar to that of the non-lamellose laminae . 

Discinacea 

The shell structure of three speeies of the discinacean 

subfamily Orbiculoideinae was examined. The first is from 

outside the study area, whereas the latter two are from the 

Viru sequence under consideration. 

( 1 )  In a midsagittal section through a ventrai valve of Orbi

culoidea pilidium (Lindstrom) from the Silurian Eke beds on 

Gotland, the primary layer is about 30 �m thick; it has a 

granular microstructure with minute apatite granulae, 90-

300 nm across (Figs. 1 8A, C, 2 1 ) ,  and the birefringence is 
weak. 

The secondary layer consists of wedge-shaped laminae 

inclined at about 30-40' relative to the shell surface (Fig. 

1 8A) ; these laminae have a well developed baculate struc

ture almost identical to that of the lingulaceans described 

above (cf. Ungula ingrica and Pseudolingula? sp. ;  Fig. 2 1 ) .  

The criss-crossing apatitic baculae are about 600 nm wide 

and 1 5  �m long, inclined obliquely to the laminae (Fig. 

1 8B) , and with a granular microstructure ; the interbacular 

spaces are empty ( that is, filled with a secondary drusy 

calcite ; Fig. 2 1 ) .  

(2 )  Sagittal sections through the dorsal (Fig. 1 9D-H) and 

ventrai valves (Fig. 1 9I-J) of Orbiculoidea? sp. b, and the 

dorsal valve of Schizotreta sp. a (Fig. 1 9A-C) were examined. 

In both speeies the primary and secondary layers are well 

developed (Fig. 1 9C, G, J) . In the dorsal valves the primary 

layer is about 3 �m thick, but it is generally somewhat 

thinner in Orbiculoidea? sp. b (Fig. 1 9C,  E) . The layer has a 

granular microstructure (Fig. 19C, G) ; examination in po

larized light indicates that the c-axis orientation is parallei 

to the shell surface .  In the single ventrai valve of Orbiculo

idea? sp . b, the primary layer is 15  �m and lamellose (Fig. 

1 9I-J» . In all examined discinaceans the granular primary 
layer is missing in sections through the smooth larval shell. 

The secondary layer consists of wedge-shaped laminae , 

inclined at a much varying angle to the outer surface ,  
alternating with thin granulose lamellae (Fig. 1 9B,  D ,  G,J) . 

The preferred c-axis orientation in the latter is parallei to 
the laminae . The wedge-shaped laminae increase in thick

ness in the direction of growth, but gradually merge in the 

opposite direction. They are most common posteriorly, 

reaching a length of 0. 1 5  mm and a thickness of 24 �m 

(Fig. 1 9B, G) ; anteriorly, they are fewer and more uniform 

in thickness (Fig. 1 9A, D) . 

In etched sections (embedded in plastic resin) the 

wedge-shaped laminae of both speeies consist of a sub

stanee with a porous CCP-like microstructure ; however, it 

is apparent that the empty spaces have been partly filled 

with plastic resin (Fig. 19C,J) . As in some of the examined 

lingulaceans (Obolinae? gen. et  sp. a and Rosobolus? sp. nov. 
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Fig. 18. DA. Detail of the anterior portion of a midsagittal section 
through a ven tral valve of the Silurian (Ludlow) Orbiculoidea pilid
ium (Lindstrom, 1 861 ) ,  showing the primary (pr) and secondary 
(se) layers; the location of B and C is indicated; Eke beds, Lau 
backar, Gotland; Br24478, x 170. DB.  Detail of A, showing the 
criss-crossing baculae (ba) and the surrounding secondary calcite ; 
x l l OO. O C. Detail of A, showing the granular structure of the 
primary layer; x l l OOO. 

a) , there is a criss-crossing pattern of hollow tubes, with a 

diameter of about 0 .5 Jlm (Fig. 19C, E, J) . However, in 

unetched fractured shells (not embedded in plastic resin) 

a baculate structure can be observed,  with baculae up to 

1 3  Jlm long and 450 nm wide (Fig. 19G-H) . In yet another 
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fractured and unetched fragmen t from the same specimen, 

the baculate structure of the secondary layer can not be 

observed (Fig. 19F) ; here the interbacular spaces appear to 

be almost completely filled with CCP. The wedge-shaped 

laminae are birefringent, and has the preferred c-axis ori

entation at an angle to the laminae (almost perpendicular 

to the exterior shell surface) . As suggested above , the 

empty tubes could have contained unmineralized organic 

fibrils, but at least in Orbiculoidea? sp. b they appear to have 

been formed through the etching pro cess; that is, a mould 

of the baculum has formed in the surrounding CCP and 

plastic resin . 

Acrothelidae 

This acrotretacean family became extinct during the early 

Ordovician . Their shell structure was examined for com

parison with the discinaceans; they have been proposed as 

an ancestrai stock for the latter group (Rowell 1965 ) . For 

this study some material of the Middle Cam brian Acrothele 

coriacea ( type species of Acrothele Linnarsson)  from Vaster

gotland (Djupadal) was examined (Fig. 20) . 

In the single examined ventrai valve there is no obvious 

division into primary and secondary layers. The anterior 

portion of the valve consists of flat-lying laminae , 5-25 Jlm 

thick (Fig. 20A) ; these have criss-crossing baculae , about 

1 75 nm wide and 7 Jlm long (Fig. 20B-C) . The interbacular 

spaces are filled with porous CCP. The laminae have a weak 

birefringence, but indicating a preferred orientation of 

apati te c-axes incIined at .about 40-60° relative to the outer 

surface .  

Discussion 

It is well known that the shell of Recent lingulaceans has 

alternating subparallel organic and phosphatic layers (e .g. , 

Williams & Rowell I 965a) . However, recent studies by Iwata 

Fig. 1 9. Etched sections (embedded in plastic resin) and unetched 
fractured surfaces (not embedded in plastie resin) through dorsal 
and ventrai valves of Vi ru discinaceans; pr, primary layer; se, second
ary layer. DA-C. Schizotreta sp. a, a dorsal valve; Skarlov Limestone 
(sample DLK83-sa-5) ;  Br1 33608d. DA. The location of B is indi
cated; x1 50. DB .  Detail of the posterior section of A, showing the 
distribution of wedge-shaped laminae in the secondary layer; the 
location of C is indicated; x350. De. Detail of B,  showing the 
granular primary layer and the secondary layer; note that plastie 
resin has partly filled the pores in the CCP of the secondary layer; 
x2400. OD-]. Orbiculoideri? sp. b; Gullhogen Formation (sample 
GB84-2-9) . OD .  Dorsal valve; the location of E is indicated; 
Brl 32676f, x 1 30.  DE. Detail of D,  showing the distribution of 
wedge-shaped laminae in the secondary layer; note that the hollow 
tubules in the secondary layer (CCP and plastie resin) partly is due 
to the etching proeess; x960. O F. Detail of a fractured shell surface 
through D (not embedded in plastie resin) , showing the homoge
nous appearance of both the primary and secondary layers on an 
unetched surface; x622. O G. Detail of the same fragment as in F, 
showing a secondary layer with baculae; note that the interbacular 
spaces are only partly filled with CCP; x42 1 .  OH.  Detail of G, 
showing criss-crossing baculae in the secondary layer; x7600. DI .  
Ventrai valve; the location of] is indicated; Brl 32676g, x 1 30. O]' 
Detail of !,  showing the primary and secondary layer; note that the 
plastie resin has partly filled the pores of the secondary layer; x740. 
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Fig. 20. DA. Detail of the anterior portion of a midsagittal section through a ventral valve of the Middle Cam brian (Paradoxides paradoxissimus 
Biozone) Acrothele coriacea Linnarsson, 1 876; the location of B-D is indicated; Djupadal, Våstergotland; Brl 7 18d, x930. DB.  Detail of A, 
showing a contact between two laminae; x71 S0. DC. Detail of A, showing criss-crossing baculae (ba) in the laminae ; note that the interbacular 
spaces are filled with CCP; xS700. OD.  Detail of A, showing the baculate structure in the outermost laminae; x3S00. 

( 1 981a, 1981b, 1 982) , indicate that there are fundamental 

differences in shell structure between the two extant gen

era, Lingula and Glottidia. The phosphatic layers of Glottidia 

pyramidata consist primarily of acicular apati te crystallites, 
arranged almost paraBel to the layer (Fig. 2 1 ) .  In contrast, 
the phosphatic layers of Lingula anatina are divided into 
three 'zones' , where each discrete zone consists of either 

subparallel acicular crystallites (A-zone) , coalescent acicu

lar crystallites (B-zone) ,  or 'amorphous crystalline 
materials ' and granular crystallites (C-zone; Iwata 1981b) . 

Moreover, the organic layers of Glottidia pyramidata are 

fibrous; the organic fibres ( 300 nm wide) cross one an

other at 50-90· ,  forming a reticulated (here termed criss

crossing ) pattern ( Iwata 1 982) . Most of the organ ic fibres 

are mineralized ( that is, impregnated with apatite crystal

lites) , and form apatite rods, here termed baculae (Fig. 2 1 ) .  

However, some of the organic fibres in the baculate layer 

of Glottidia are unmineralized ( Iwata 1982, Fig. 3: 1 ;  Fig. 

2 1 ) .  

There is no baculate structure in the organic layer of 

Lingula ( see Iwata 198 1 a, b, for detaiIs) .  The shell of 

Lingula is less mineralized than that of Glottidia, and has 

phosphatic layers only in the median portion of the valves, 

whereas the remainder of the shell consists exclusively of 

organic layers. 

The shell structure of Glottidia is similar to that of Recent 

Discinisca laevus, also described by Iwata ( 1 982) . The disci

nacean shell consists of obliquely arranged, wedge-shaped 

laminae , and extremely finely punctate structures ( the 
punctae are omitted in Fig. 2 1 ) . This structure was de
scribed originally by Blochmimn ( 1 900) . The shell of D. 

laevus can be divided into three layers, primary, secondary, 

tertiary (Fig. 2 1 ) ,  where the primary and tertiary layers 

con sist of phosphatic laminae only. In the secondary layer 
there is an alternation between wedge-shaped organic lam
inae and phosphatic laminae (Iwata 1 982;  Fig. 2 1 ) .  The 

phosphatic laminae consist of extremely fine, granular crys

tallites (Fig. 2 1 ) .  As in Glottidia, the organic laminae have 

criss-crossing baculae 0 . 1  11m in diameter ( Iwata, 1982, Fig. 

3 ,  Pl. 5 : 1-2; Fig. 21 ) .  

The ultrastructure of Glottidia pyramidatawas also studied 

by Watabe & Pan ( 1 984) , whose description does not agree 

with that of Iwata ( 1 982) . According to them, the primary 

layer and the phosphatic laminae of the secondary layer are 

made up of spherulites that consist of acicular crystallites 

(Watabe & Pan, 1984, p .  978, Fig. 2 ) . In the organic lami

nae of the secondary layer ( referred to as the chitin layers 

by Watabe & Pan) , aggregates of spherulites form rods; 

'These rods of ten branch out and form 'X' figures that are 

oriented obliquely to the shell surface '  (Watabe & Pan,  
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Fig. 21. Diagrammatie comparison of shell structures of some Recent and lower Palaeozoic lingulaceans and discinaceans; not to scale. DA. 
Recent Glottidia pyramidata, showing the structure of the secondary layer, with alternation between phosphatic laminae consisting of acicular 
apatite crystallites with parallei c-axis orientation, and organic laminae with criss-crossing baculae and unmineralized organic fibrils; punctae 
omitted; after Iwata 1 982, Fig. L DB.  Silurian Pseudolingulå? sp. from the Hemse beds, Petesvik, Gotland, showing a primary layer consisting 
of granular apatite, and a secondary layer with baculate structure; after Brl 24967. OG. Recent Discinisca laevus, showing the primary and 
tertiary layers with granular apatite, and the alternation between wedge-shaped organic laminae with baculae, and laminae of granular apati te 
in the secondary layer; punctae omitted; after Iwata 1 982, Fig. 2. OD.  Silurian Ormculoidea pilidium from the Eke beds, Lau backar, Gotland, 
showing the primary layer of granular apatite, and the wedge-shaped baculate laminae in the secondary layer; after Br24478. 

1 984, p.  979, Fig. 3) . According to the same authors the 

baculae illustrated by Iwata ( 1 982) from G. pyramidata are 

laeking. However, it appears that the pattern of 'X' rods 
(although thicker and consisting of ' spherulites '  rather 

than 'apatite needies ' )  is comparable with the criss-cross

ing baculate structure described by Iwata. 

The shell structure of the Lower Palaeozoic lingulaceans 

examined for this study is similar to that of Glottidia pyrami

data ( cf. Fig. 2 1 )  in that there is a well defined phosphatic 

primary layer (in Pseudolingula? sp. ,  Obolinae? gen .  et sp. a, 

and Rowellella cf. lamellosa) , as well as baculate structure. in 

the laminae of the secondary layer (in Ungula ingrica and 

Pseudolingula? sp . ;  Fig. 2 1 ) .  

Similarly, the Lower Palaeozoic discinaceans have a shell 

structure that agrees closely with that of Discinisca laevus. 

The wedge-shaped baculate laminae in the secondary layer 
in Orbiculoidea pilidium and Orbiculoidea? sp . b are consid

ered to be homologous with the organic laminae with 
baculate structure in the secondary layer of D. laevus (Fig. 

2 1 ) .  

The detailed structure of the baculate laminae differs 

between the fossil and Recent forms. According to Iwata 

( 1 982) the baculae in Recent Glottidia pyramidata are about 

0.3 �m in diameter and consist of granular apatite . The 

same author notes also that the baculae in Discinisca laevus 

are similar in structure to those of Glottidia but are smaller, 

about O . l  �m in diameter. In con trast, the baculae de

scribed above are more variable in diameter; from about 

0.2 �m in ACTothele coriacea to 0 .7  �m in Pseudolingula? sp. 

They consist of the following three types of apati te crystal-
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Fig. 22. DA. Dorsal valve of Prototreta atlenuata (Meek, 1873) ; Middle Cambrian Swasey Limestone, Topaz Mountains, Utah (col! .  R.A. 
Robison) ; Br1 33660, x30. DB. Oblique anterior view of the median septum of A; x1 00. O C. Transverse section through A; x78. OD.  Detail 
of C, showing the columnar structure of the median septum; x320. DE.  Detail of C, showing the columnar structure of the secondary layer, 
x360. OF. Detail of C, showing that the laminae consist ofupper (up) and lower (lo) lamellae , connected by columns (col) ; x1 600. O G. Detail 
of C, showing the normal orientation of acicular apatite crystallites (ac) in the lamellae and columns, and the CCP (co) in the intracolumnar 
spaces; x6000. 
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Fig. 23. DA. Detail of an oblique section through a ventraI valve of Canatreta? mica Goryanskij ,  showing the wedge-shaped laminae in the 
camerate secondary layer (se) , and the columnar tertiary layer ( te ) ; Skårlov Limestone (sample DLK83-sii-7) ;  Brl 29003b, x2000. D B. Detail 
of the apical pro cess of A, showing the columnar teriary layer; x2000. DC .  Detail of an oblique section through a ventral valve of Canatreta? 
mica Goryanskij ,  showing the columnar laminae of the tertiary layer; Skiirlov Limestone (sample DLK83-sii-8) ;  Brl3361 1b ,  x I OOO. OD.  Detail 
of C; note that the columns and lamellae consist of acicular apati te crystallites; x6600. 

lites: (a) needle-shaped ( Ungula ingrica) , (b) minute granu
lae ( Orbiculoidea pilidium, Orbiculoidea? sp. b) , or (c)  flat

tened platelets (Pseudolingula? sp . ) .  The variation in shape 

and structure of the apatite is possibly due to some recrys

tallisation . 

There is also some difference between Recent and fossil 

species in the structure and composition of the apatite that 

fills the interbacular spaces. In Recent Glottidia and Dis

cinisca these spaces are filled entirely with organic matrix 

(Fig. 2 1 ;  see also Watabe & Pan 1 984) . In contrast, the 

interbacular spaces of the Lower Palaeozoic species are 

most frequently filled with an undifferentiated type of 

cryptocrystalline ( ' collophane-like ' )  calcium phosphate 

(CCP) , which generally lacks or has only a weak birefrin
gence. The apatite has a porous microstructure and con

tains a considerable amount of empty spaces; in life the 

empty spaces may have contained organic matrix. 

The amount of remaining organic material in the fossil 

species was not determined, but previous examinations of 

Lower Palaeozoic lingulaceans and discinaceans have 

shown that they contain about 4-19% organic substances 

(e .g . ,  Rhodes & Bloxam 1971 , Table 3) . 

In many of the examined lingulaceans and discinaceans 

( Orbiculoidea? sp. b, Schizotreta sp. a, Rosobolus? sp. nov. a, 

Rowellella cf. lamellosa, and obolinae gen. et  sp. a) the lami

nae of the secondary layer sections appear to lack baculae . 
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Fig. 24. DA. Detail of the posterior portion of a midsagittal section through a dorsal valve of Spondylotreta sp. nov. a; the location of D is 
indicated; Folkeslunda Limestone (sample DLK83-fo-I ) ;  Brl 33628b, x200. DB .  Detail of the median section of A; the location of C is 
indicated; x360. De.  Detail of A, showing the wedge-shaped camerate laminae in the secondary layer (se ) , and the columnar tertiary layer 
( te) ; x2000. OD.  Detail of A, showing the structure of the columnar tertiary layer; ac, acicular apati te crystallites; co, CCP; x2000. 

Fig. 25. Midsagittal section through a ventrai valve of Physotreta 
deformis sp. nov. , showing the columnar laminae in the apical 
proeess; Folkeslunda Limestone (sample DLK83-fo-5 ) ;  Brl 33636c, 
x1 60. 

Instead they consist almost entirely of CCP, in which there 

is a criss-crossing pattern of hollow tubes. As noted above , 
there are both mineralized (baculae) and unmineralized 
organic fibres in the organic laminae of Glottidia ( Iwata 

1 982, Fig. 3 : 1 ) ;  the hollow tubes could have contained 
unmineralized organic fibres that have disappeared post

mortem, but it is also possible that the thin baculae were 

dissolved in the etching proeess; at least this seems to have 

be en the case in Orbiculoidea? sp. b . ,  where the hollow tubes 

are encountered in the embedded and etched sections 

(Fig. 1 9E, J) , whilst many fractured and unetched surfaces 

show well developed baculae (Fig. 1 9G-H) . In speeimens 

of Pseudolingula? sp. and Orbiculoidea Pilidium, sectioned 

white still within matrix, some interbacular spaces (which 

otherwise would have been empty) are filled with second

ary calcite (Fig. 2 1 ) . 

Acro tre tacea 

Acrotretinae and Torynelasmatinae 

The shell structure of one Middle Cam brian and severai 

Middle Ordovician acrotretines, as well as one torynelasma-
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Fig. 26. DA. Midsagittal section through a dorsal valve of Hisingerellå? unguicula sp. nov. ; the location of C and D is indicated; Seby Limestone 
(sample DLK83-se-l ) ;  Brl 3361 2c, x230. DB. Detail of A, showing the columnar laminae in the median septum; x l l OO.  De. Detail of A, 
showing the camerate secondary layer (se) ; x2600. OD. Detail of Fig. 62A, showing a dorsa! exterior where the primary layer is partly 
exfoliated; note the 'honeycomb-like ' arrangement of empty chambers in the camerate secondary layer; Gullhogen Formation (sample 
GB84-1-1 ) ;  Br1 28625, xl 000. DE. Detail of A, showing the chambers of the camerate secondary layer; note that the chambers are filled with 
CCP (co) ; x7800. 

tine ,  was examined both under the SEM and in polarized 

light; the structure of the two subfamilies is very similar, 

and they are therefore discussed together. 

( l) In the Middle Cam brian Prototreta altenuata, a primary 

layer could not be identified in sections examined under 

the SEM, probably because of the thinness of the layer. 

Moreover, the contact between the surface of the specimen 

and the embedding resin is frequently not perfect, and the 

resulting gap can obscure details of a thin outermost layer. 

Judging from the surface of slightly exfoliated shells, the 

primary layer is a very thin granular ' sheet' , less than l !lm 

thick. 
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Fig. 27. Fig. 28. 

Fig. 29 . 
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Fig. 30. DA-B. Transverse section through a dorsal valve of Numencoma perplexa sp. nov. ; Furudal Limestone (sample DLK83-fur-12) ; 
Br132394d. DA. Section through the median septum; the location of B is indicated; xl 10 .  DB .  Detail of A; x 1 300. D C-E. Midsagittal section 
through a dorsal valve of Numericoma simplex sp. nov. ; Kårgarde Limestone (sample DLK83-segk-6) ;  Brl 33595m. DC. The location of D and 
E is indicated; x 1 60. OD .  Detail of the posterior portion of C, showing the columnar secondary layer; x720. DE .  Detail of the anterior section 
of C; x1 200. 

The secondary layer of the Middle Cam brian species is 

weU developed and thick, forming all of the interior mor

phological features (Fig. 22) . In section it consists of nu

merous columnar laminae, varying in thickness from about 

3 to 42 !lm (Fig. 22E) . Each discrete lamina is defined by a 

Fig. 27 (opposite page, top left) . DA. Detail of a transverse section 
through a dorsal valve of Conotreta? siljanensis sp. nov. , showing the 
structure of the median septum; the location of B and C is indi
cated; Gullhogen Formation (sample GB84-2-l9) ; Brl 327l9b, 
x260. DB. Lateral section of A, showing the wedge-shaped camer
ate laminae in the secondary layer; x200. De.  Detail of A, showing 
the columnar laminae in the median septum; x 1 600. 

Fig. 28 (opposite page, top right) . DA. Detail of the shell structure 
of the exterior of a slightly exfoliated dorsal valve (see also Fig. 
74D) of Torynelasma suecicum sp. nov., showing the camerate sec
ondary layer; Ryd Limestone (sample GB84-3-59) ; Holotype;  
Brl 28826, xl OOO. DB.  Detail of the shell structure of A, showing 
the columnar tertiary layer; x3900. 

Fig. 29 (opposite page, bottom) . DA. Detail of shell structure of a 
slightly exfoliated dorsal interior of Numericoma perplexa sp. nov. , 
showing the columnar secondary layer; Furuda! Limestone (sam
ple D60-220) ; Brl 28783, x1 500. D B. Detail from the same general 
area as in A; x2200. 

thin upper and a lower lamella, about l !lm thick. The 

lamellae are connected by numerous columns ( about 3 !lm 

in diameter) , and aligned perpendicular to the lamellae 

(Fig. 22E-G) . The columns are hollow, with a central canal 

about l !lm in diameter (Fig. 22G) . 

The lamellae and columns consist of needle-shaped apa
tite crystallites, about 1 70 nm wide and l !lm long, with the 
c-axis orientation perpendicular to the lamellae and col
umns (Fig. 22G) . The intercolumnar spaces are occasion

ally empty, thus exposing the columns in relief (Fig. 22E

F) , but more commonly the spaces are filled with CCP (Fig. 

22F-G) . 
The relatively complex spinose median septum of Pra

tolrela attenuala is formed entirely through successive dis

crete columnar laminae wrapped into various shapes (Fig. 
22C-D ) ;  septal spines are formed by finger-shaped projec

tions from the laminae (Fig. 22D) . 

( 2) The acrotretines Conotrela? mica (Fig. 23) ,  Conalrela? 

siljanensis (Fig. 27) , Spondylotrela sp. nov. a (Fig. 24) , Phys

alrela deformis (Fig. 25) and HisingerelIa? unguicula (Fig. 26) 

share a common type of shell structure (Fig. 40A) . 
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Fig. 31 (opposite page) . DA. Midsagittal section through a ventral valve of Myolrela dalecarlica sp. nov. ; the location of B and C is indicated; 
Skiirlov Limestone (sample DLK83-sii-6) ; Br 1 33609h, x276. DB. Detail of the posterior section of A, showing the edge of the larval shell; 
x3315 .  DC. Detail of A, showing the wedge-shaped columnar laminae in the secondary layer; x2070. 

From slightly exfoliated surfaces (e .g . ,  Fig. 26D) , it ap

pears that there is a thin ( less than 1 11m) ,  outermost pri

mary layer of granular apati te that covers the camerate 

secondary layer (Fig. 40A) . However, the primary layer 

could not be identified in sections, neither under the SEM 

nor in transmitted light. 

In the acrotretines the secondary layer consists of camer
ate laminae . In sagitta! sections they are wedge-shaped,  
about 4 11m thick, and inclined at 10-30' to the outer 
surface of the valve (Figs. 23A, 24B- C, 26D, 27B, 40A) . 
Each of the camerate laminae is defined by an upper and a 

lower lamellae, 1 11m thick (Fig. 24C) , which are connected 
by perpendicular walls, 3 11m thick (Figs. 26C, E, 40A) . 

The camerate structure is best observed in slightly exfo

liated specimens, where the primary layer has been peeled 

off to expose the honeycomb-like pattern of small polygo

nal chambers beneath (e .g . ,  Figs. 26D, 64C) . The lamellae 

and walls are made up of needle-shaped crystallites in 

which the long axes are normal to the surfaces. Examina

tion in polarized light indicates that this agrees with the 

c-axis orientation. In broken and exfoliated valves the space 

inside the chambers is occasionally empty (Fig. 26D) , but 

they are more commonly filled with CCP (Figs. 26E, 40A) . 

The acrotretine species examined have a columnar terti

ary layer (Fig. 40A) that forms all interior structures ofboth 

valves, such as the median septum (Fig. 26A-B, 27 A, C) , the 

apical process (Figs. 23B, 25) , and the muscle scars (Fig. 

24A, D) . As in Prototreta, this layer consists of laminae of 

varying thickness, with an upper and a lower lamellae 

connected by perpendicular columns (Figs. 23C-D, 24C

D, 25) . The needle-shaped crystallites are arranged with 

their c-axis normal to the lamellae and walls (Figs. 23D, 

24D) . In sections through the apical process the columnar 

laminae are arranged more or less perpendicular to the 

outer surface (Fig. 25) . The median septum is formed as in 
Prototreta (Figs. 26B, 27 A, C) . In more thin-shelled species 
like Hisingerella? unguicula the tertiary layer is com para

tively thin and the valves consist almost exclusively of the 
secondary layer (Fig. 26A) . 

Broken and exfoliated surfaces of the acrotretines Cyrt

onotreta vestrogothica (Fig. 64C) , Cyrtonotreta? striata (Fig. 
66B) , Hisingerella billingensis (Fig. 6 1 1 ) , Spondylotreta orsaen

sis, and the torynelasmatine Acrotretella sp. (Fig. 76E) indi

cate that camerate secondary and columnar tertiary layers 

are present in these species also . 

(3) The single examined toryneiasmatine, Tarynelasma sue

cicum, has a shell structure close to that of the acrotretines 

(Fig. 40A) . Some exfoliated and broken valves show a 

camerate secondary layer (Fig. 28A) , in addition to a co

lumnar tertiary layer ( 28B) . 

Ephippelasmatinae and Biernatinae 

Middle Ordovician species of these two subfamilies have 

the same type of shell structure, with a thin primary layer 

and a thicker columnar secondary layer (Fig. 29) . Camer-
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Fig. 32. Dorsal valves of Ephippelasma minutum Cooper, 1956 DA. 
Transverse section through the median septum; Furudal Lime
stone (sample DLK83-fur-16) ; Br1 32430c, xl00. DB .  Detail of A; 
x440. DC.  Oblique anterior view of a median septum; Furudal 
Limestone (sample D60-215 ) ; Br1 28652, x240. 

ate structures have not been identified from members of 

either subfamily (Fig. 40B) . 

The shell structure of the following Ephippelasmatinae 

was studied in transmitted light and/or under the SEM: 

Numericoma perplexa (Figs. 29, 30A-B) ,  Numericoma simplex 

(Fig. 30C-E) , Numericoma? spinosa (Fig. 33) , Myotreta dale

carliea (Fig. 3 1 )  and Ephippelasma minutum (Fig. 32) . 

The primary layer of the ephippelasmatines is difficul t to 

recognize in the sections. The secondary layer consists of 

columnar laminae, varying in thickness from about l to 
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20 �m. The outer laminae of both valves are wedge-shaped 

in cross section (Figs. 30E, 31 C,  32A, 33D ) . In some species 

there are subparallel columnar laminae of uniform thick

ness interior to the wedge-shaped laminae, (Figs. 3 1C ,  

33D) , but no well defined tertiary layer can be  distin

guished. The columnar laminae are identical to those de

scribed from other acrotretaceans (Figs. 29, 30D-E, 40B) . 

There are minute needle-shaped crystallites, about l �m 

long, in the lamellae and columns of Numericoma simplex 

(Fig. 29D-E) . The needies are oriented with their c-axis 

normal to the lamellae and the columns (Fig. 30D-E) . 

Identical crystallites are also present in specimens of nphip

pelasma minutum. 

The fine structure of all examined valves of Numericoma 

perplexa, Numericoma? spinosa, and Myotreta dalecarliea is dif

ferent from that described above . The lamellae have a 

granular microstructure (Figs. 30A-B, 3 1 ,  33) , and the 

preferred c-axis orientation appears to be alm ost parallei to 

the lamellae . The significance of this difference is not yet 

understood, but it could be due to recrystallisation. 

In slightly exfoliated and broken valves of most ephip

pelasmatine species the intercolumnar spaces are empty, 

and the columns stand out in relief (Fig. 29A-B) . In un

damaged valves, however, the space is filled with CCP (Figs. 

30D-E, 40B) . The dorsal median septum of the ephip

pelasmatines is formed as in all other acrotretaceans (Figs. 

29A-C, 32) . 

Sections through the umbonal part of, e .g . ,  Myotreta 

dalecarlica indicate that the larval shell constitutes a well 

separated plate (Fig. 31A-B) , which consists of CCP. 

Biernatia holmi (Figs. 34, 35)  has a shell structure that is 

identical to that of the ephippelasmatines (Fig. 40B) . 

Scaphelasmatinae 

In Scaphelasma mica the primary layer is identical to that of 

all other acrotretaceans (Fig. 40C) . Interior to the primary 

layer there is a well developed secondary layer with camer

ate laminae. In sagittal sections the laminae are elongately 

wedge-shaped and meet the outer surface of the valve at a 

much varying, oblique angle (Figs. 36B-C, E, 40C) . As in 

the acrotretines, the camerate laminae are built up by an 
upper and a lower lamella, connected by perpendicular 
walls (Figs. 36B-C, E, 40C) . The optical properties of the 
sectioned valves are not readily determinable; the birefrin

gence of the shell is very weak. 

The camerate laminae are observed best on the interior 
surface of both valves, in places where the inner lamella is 

slightly exfoliated (e .g . ,  Figs. 99H, 1 00F, 1 02D) ; the cham

bers of the camerate laminae are elongated in the direction 

of growth, and form parallei ' tubes'  of rectangular cross 

section (cf. Poulsen 1 97 1 ,  Fig. 4) . As in the acrotretines, the 

spaces within the chambers are empty in most exfoliated 

specimens, but in sections through undamaged shells, the 

chambers are filled with CCP (Fig. 36B-C, E) . Examination 

of internal exfoliated surfaces indicates that the connect

ing walls of the camerate laminae are formed by closely 

spaced rows of columns that gradually merge in the direc

tion of growth (Fig. l OOF) . 
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Fig. 33. DA. Transverse section through a complete shell of Numencoma? spinosa (Biernat, 1 973) ; the location of E is indicated; Skårlov 
Limestone (sample DLK83-så-8) ;  Br1 33609f, x72. DB.  Detail of A; the location of D is indicated; x400. De.  Detail of B, showing structure of 
median septum; x780. OD .  Detail of B, showing the wedge-shaped laminae in the secondary layer; x1 000. DE. Detail of A; x4800. 

Eoconulidae 

The shell structure was examined in Eoconulus cf. clivosus 

Popov (Figs. 38A-B, 39A-H) ,  E. cf. cryptomyus Goryanskij 

(Fig. 38C) , and E. sp. nov. a (Figs. 38D, 37) ; the pattern of 

development remains somewhat unclear. 

( l )  The single dorsal valve of Eoconulus cf. clivosus exam
ined shows little structure under the SEM; there are some 
poorly developed laminae that are slightly wedge-shaped 

and meet the outer surface at a much varying angle (Fig. 

38A-B) . 
In contrast, there are no wedge-shaped laminae in the 

sectioned ventrai valves of E. cf. clivosus. Instead, numerous 

very fine, parallei, successive lamellae are stacked one on 

top of the other (Fig. 39E-H) . The outermost lamella must 

have been secreted first (at about the adult stage) ,  and the 

successive lamellae were then deposited inwards. Examina

tion of the ventrai and dorsal valves in polarized light gave 

no clear indications of the c-axis orientation. 

The external and internal surfaces of the ventrai valve of 

E. cf. clivosus have numerous 'pores' which never penetrate 

the entire shell thickness (Fig. 39A-D) .  The lamellae are 

observed to follow the outline of the 'pores' . 

(2 )  A dorsal valve of Eoconulus sp . nov. a has wedge-shaped 

columnar laminae . Interior to this a layer with fine sub

parallel lameIlae is developed (Fig. 38D) . 

The ventrai valve of the same species is relatively thin 

(Fig. 37) . There is a poorly defined outer layer (Fig. 37B) , 

and in the central portion it consists of a single 3 �m thick 

lamella. Away from the centre , the outer layer becomes up 

to 7 �m thick, and there are well developed wedge-shaped 

laminae (Fig. 37C-D) . Interior to this there are thin paral
lel lamelIae (Fig. 37C) . The wedge-shaped laminae appear 
to consist of CCP, whereas the lamellae are minutely gran
ulose (Fig. 37D) . The exterior of the ventrai valve has some 

'pores' (Fig. 37A) , but none were observed in the sections 
examined. 

(3) The dorsal valve of Eoconulus cf. cryptomyus has an al

most homogeneous shell, with only some subparallel lamel

lae that consist of minute granular crystallites, 400 nm 

across (Fig. 38C) 

Discussion 

The shell structure of acrotretaceans was described briefly 

by Williams & Rowell ( 1965a, p .  H78, Fig. 77:4A-B) . In the 

ceratretine Keyserlingia (= Clistotrema Rowell) they noted 

wedge-shaped, thick laminae , inclined obliquely relative to 

the outer surface .  The laminae in Keyserlingia were re

ported to 'have a strongly fibrous structure , the fibres being 

arranged normal to the lamellae ' (Williams & Rowell 

1 965a, p. H78) , alternating with thinner bands that lack the 

fibrous structure . According to Williams & Rowell ( 1 965a) , 
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Fig. 34. DA. Midsagittal section through a ventral valve of Biernatia 
holmi gen. et sp. nov. ; the location of B and C is indicated; Seby 
Limestone (sample DLK83-se-2) ;  Brl 3361 3e, x78. DB. Detail of A, 
showing the columnar secondary layer in the apex; x2000. DC. 
Detail of A, showing the columnar secondary layer in the poste r i  or 
wall; x2000. 

the thicker fibrous laminae represent the mineralized lay

ers, whereas the thinner bands are organic layers which 

were phosphatized during diagenesis. 

The ceratretine type of shell structure described by Wil

liams & Rowell ( 1 965a) is comparable with that of an 

unnarned Middle Ordovician acrotretacean species (prob-

Ordovician inarticulate llrachiopods from Sweden 49 

Fig. 35. Anterior view of a broken dorsal median septum of Biernatia 
holmi gen. et sp. nov. (see also Fig. 95G) ; Seby Limestone (sample 
DLK83-se-2) ;  Brl 29043, x500. 

ably an acrotretine)  illustrated by Poulsen ( 1 971 ) .  Poul

sen ' s  species has a thin primary layer which is partly exfoli

ated in the illustrated specimens, in addition to a camerate 

secondary layer (referred to as the outer layer by Poulsen) 

and a columnar tertiary layer ( referred to as the inner layer 

by Poulsen) . 

The camerate laminae in Poulsen ' s  species are wedge

shaped in sagittal sections (Poulsen 1 97 1 ,  Pl. 2 :3-4, 4: 1 ) ;  

these are defined by an upper and a lower lamell a, con

nected by perpendicular walls that define elongated paraI

lei ' tubes'  of rectangular cross section (Poulsen 1971 ,  Pl .  

4) . This type of secondary layer has been described also 

from members of the Scaphelasmatinae (Holmer 1 986) . A 

columnar tertiary layer forms the interior thickenings 

( such as the apical process and the muscIe scars in Poul

sen 's  species) . The columnar laminae have an upper and a 

lower lamellae which are connected by perpendicular col

umns (Poulsen 1 97 1 ,  Pl. 5-6) ; this type of layer is present 

in all acrotretaceans examined so far, apart from the 
scaphelasmatines. 

In Poulsen ' s  species the spaces between the columns and 

within the chambers are empty. According to him ( 1971 , p. 

269) ' the empty spaces between the phosphatic bands may 

be interpreted as the sites of former organic bands' ,  

whereas the comparatively thin phosphatic lamellae i n  the 

shell represent the mineralized portion . Poulsen ' s  ( 1 971 ) 

interpretation of the acrotretacean shell structure is pre

ferred here to that of Williams & Rowell ( l  965a) . The latter 

model requires a considerable amount of secondary phos

phatization, which is difficult to account for; at least, there 

is no evidence for phosphatization in the associated fauna 

examined for this study. The empty spaces within the co

lumnar and camerate laminae probably contained most of 

the organic matrix of the shell, whereas the thin lamellae 

and the primary layer correspond to the phosphatic layers. 

In all probability, the columns and walls also represent 
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Fig. 36. Midsagittal sections through Scaphelasma mica Popov, 1 975; Gullh6gen Formation (sample GB84-2-9) ; wa, chamber wall; co, CCP. DA. 
VentraI valve; the location of B and C is indicated; Br 132676b, x230. DB-C. Details of A, showing the wedge-shaped camerate laminae in the 
secondary layer; x2400 (B) and x2000 (C) . OD.  Dorsal valve; the location of E is indicated; Br1 32676c, x310 .  DE .  Detail of D, showing the 
wedge-shaped camerate laminae in the secondary layer; x1500. 

original mineralized portions of the shell, rather than 
being diagenetieally phosphatized 'punetae ' as was pro

posed by Poulsen ( 1 97 1 ,  p. 270) . 

Rowell & Henderson ( 1 978, Pl. 1 : 7) illustrated eolumnar 

laminae in some Cambrian members of the subfamily 

Aerotretinae , and noted that the 'voids' within them might 

have been filled with organic material; their suggestion that 

the voids eould have been empty seems highly un like ly. A 

eamerate seeondary layer was also deseribed by Holmer 

( 1 986, Figs. 50, 61) from the O�dovieian aerotretines His

ingerella tenuis and Conotreta? orbiculans. 

The shell strueture of the Cam brian Rhondellina dorei 

Rowell ( subfamily Linnarssoniinae?) was discussed reeently 

by Rowell ( 1 986, p. 1 062, Figs. 1 :3-4, 2 :7) . The seeondary 

layer (referred to as the inner shell layers by Rowell) of this 

speeies has numerous eamerate laminae that are c\osely 

comparable with the eamerate seeondary layer of most 
Aerotretinae deseribed above . In shell strueture R. dorei is 

most similar to the seaphelasmatines; it is comparatively 

thin-shelled and lacks a columnar layer (Fig. 40C) . 

The shell strueture of the examined members of the 

subfamilies Ephippelasmatinae and Biernatinae differs 

slightly from that of the aerotretines; there is no eamerate 

layer developed, and the seeondary layer is entirely of the 

columnar type. 

The shell structure of Eoconulus is not well known, and 

requires further study. A.s outlined above, it is apparently 

eomparable with that of the aerotretaeeans; there are some 

indieations of columnar laminae in both valves of E. sp. 

nov. a. 

The aberrant shell strueture of most eoeonulid ventrai 

valves is most probably due to the faet that they beeome 
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Fig. 3 7. DA. Stereo-pair; ventrai exterior o f  Eoconulus sp. nov. a ,  showing a eylindrieal attaehment sear; the loeation o f  the seetion i n  B is 
indieated; Kårgårde Limestone (sample DLK83-segk-4) ;  Br1 28923, x93. DB. Seetion through A; the loeation of C and D is indieated; x39 1 .  
D e. Detail of B, showing the outer wedge-shaped laminae, and the inner granulose lamellae; x 1 302.  O D .  Detail of B showing the CCP (co) 
in the laminae; x3324. 

mineralized late in ontogeny ( see also below, p .  64) ; the 

simple lamellose shell of the ventrai valve of Eoconulus cf. 

clivosus lacks evidence of normal peripheral accretionary 

growth. The lamellae represent interior thickenings, de

posited during, or subsequent to, the adult stage . 

The 'pores' in the ventrai valves of most eoconulids seem 

to have been formed contemporaneously with the secre-

tion of the shell, and in all probability do not represent 

predatory borings. The function of the 'pores '  is not obvi

ous, but they might have be en related to the early attach

ment of the valve; they can also possibly be comparable with 

the 'koskinoid perforations' in the Orthotetacea (Grant 

1 980) . 
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Fig. 38. DA-B. Eoconulus cf. clivosus Popov, 1 975. DA. Midsagittal 
section through a dorsal valve; Skarliiv Limestone (sample DLK83-
så-2 ) ;  Brl 33605d, x1 22. DB.  Detail of A; x212 .  De. Detail of a 
section through a dorsal valve of Eoconulus cf. cryptomyus Goryan
skij ,  1 969, showing the minute granular apatite crystallites in the 
lamellae; Kårgårde Limestone (sample DLK83-segk-6) ; 
Br1 33595n, x4900. OD.  Detail of a section through a dorsal valve 
of Eoconulus sp. nov. a, showing the wedge-shaped columnar lami
nae; Kårgårde Limestone (sample DLK83-segk-6) ;  Br1 335950, 
x965. 

Summary 

( 1 )  The Ordovician and Silurian lingulaceans and disci

naceans that have been examined possess a thin primary 

layer in which the apati te li-axes are oriented parallei to the 

shell surface; the layer has a gran ul ar appearance under 

the SEM. 

The secondary layer generally comprises thick baculate 

laminae that have criss-crossing slender baculae consisting 

of granulae, needies or platelets of apati te . The baculae 
probably represent mineralized organic fibres, similar to 
those present in the organic layers of Recent Glottidia and 

Discinisca. The interbacular spaces are empty or filled with 
' collophane-like ' ca\cium phosphate (CCP) . The CCP has 

a porous microstructure and the empty spaces may have 

contained organic matrix. The baculate laminae alternate 
with lamellose laminae, consisting of thin apatite lamellae 

of similar structure as in the primary layer. 

The shell structure of the acrothelids appears to be 

comparable with that of the lingulaceans and discinaceans. 

(2 )  The Cam brian and Ordovician acrotretaceans investi

gated for this study possess a very thin, granular primary 

layer that is not readily observable in thin sections. 

The following two types of secondary and tertiary layers 

are identified in the examined acrotretaceans: (a) The 

columnar layer appears to be developed in all acrotreta

cean subfamilies apart from the Scaphelasmatinae . In sagit

tal section this layer has wedge-shaped columnar laminae . 

The laminae are defined by an upper and a lower lamella 

that are connected by columns perpendicular to the lamel

lae. (b) The camerate secondary layer has been found only 
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III the subfamiIies Acrotretinae , Torynelasmatinae , and 

Scaphelasmatinae (and possibly also in the Linnars

soniinae) . The camerate laminae have upper and lower 

lamellae connected by walls that form polygon al chambers 

in a honeycomb-like pattern . In the scaphelasmatines (and 

the species figured by Poulsen 1971 )  the chambers of the 

camerate laminae are elongated, and form paralleI ' tubes'  

of rectangular cross section. 

In both types of layers there are needle-shaped apatite 

crystallites with their c-axis oriented normal to the lamellae , 

walls and columns. The spaces between the columns and 

walls are empty (in broken specimens) , or filled with CCP. 

The primary layer and the apatitic lamellae , walls, and 

columns of the secondary and tertiary layers are considered 
to form the original mineralized shell. The empty or CCP

filled spaces within the secondary and tertiary layers prob

ably contained most of the organic matrix. 

Ontogeny 

Many of the described species of phosphatic inarticulate 

brachiopods are represented ( in the samples used for this 

study) by almost all ontogenetic stages .  The following 

growth stages of the shell are distinguished: protegular, 

larval , juvenile (brephic and neanic) , adult, and gerontic. 

The definitions of the two earliest stages require some 

special explanation. 

The term protegulum was introduced by Beecher ( 1 89 1 ,  

p .  344) to denote the ' common form o f  embryonic shell ' 

of the brachiopods. Williams & Rowell ( 1965a, p. H 1 5 1 )  

defined protegulum as the 'first-formed shell o f  organic 

material (chitin or protein) , secreted simultaneously by 

both mantIes' . 

Among Recent inarticulate brachiopods, a protegulum, 

about 0 .2-0 .3 mm wide and 0. 1-0.2 mm long, consisting of 

two joined semicircular valves, has been observed in the 

ontogeny of Lingula (Yatsu 1 902; Chuang 1 962, 1 977; Ham

mond 1 982) and GloUidia (Paine 1 963) . The lingulacean 
protegulum is secreted by the non-feeding embryo, at 

about the time of appearance of the first pair of lophopho

raI filaments and while the embryo is still within the viteI
line membrane. The disturbance in growth at the end of 
the protegular stage is probably a result of the change to a 

free-swimming planktotrophic larva. Discinaceans lack a 
protegulum (Chuang 1 977; Hammond 1 980) , whilst the 

earliest ontogenetic stages of Recent craniaceans are un

known (Rowell I960) . The so-called protegulum of Recent 

articulate brachiopods was discussed and described in de

tail by Stricker & Reed ( 1 985a, 1985b, 1985c) , but in a strict 

sense this represents a postlarval shell ( see also Chuang 

1977) , as it is secreted after settlement and metamorphosis. 

Protegula have been reported from many fossil inarticu

late brachiopods. However, as has been pointed out repeat

edly (Chuang 1971 a, 1971  b, 1 977; Popov eL al. 1982; Rowell 

1986) , it is questionable whether the traces of early shell

bearing ontogenetic stages actually correspond to embry

onic shells in a strict sense ( that is, a shell secreted by the 

embryo while still within the vitelline membrane) . Obvi

ously, there are no absolute criteria by which to determine 
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Fig. 39. DA-H. Eoconulus cf. clivosus Popov, 1 975. DA. Stereo-pair; exterior of a ventral valve, showing an irregular attachment scar; Skovde 
be ds (sample GB84-D5) ; Brl 28907, x59. DB.  Detail of A, showing the shallow 'pores' and the poorly defined larval shell; note that the central 
'pore ' may represent a cio sed pedicle foramen; x1 86. De.  Side view of the interior of A, showing the muscle scars and the apical process; 
x65. OD. Detail of the apical process of A, showing the 'pores' and the polygonal pattern of epithelial moulds; x152 .  D E. Midsagittal section 
through a ventrai valve; note the flat attachment scar and the apical process; Skiirlov Limestone (sample DLK83-sii-5 ) ;  Brl 33608c, x76. OF.  
Detail of the anterior wall of F, showing the anteroventral direction of the 'inside growth' ;  note the thin granular lamellae ; x 1 38. O G. 
Midsagittal section through a ventrai valve; note the irregular attachment scar; Skovde beds (sample GB84-D5) ; Br1 32576, x1 27. OH.  Detail 
of the anterior wall of G; x303. DI .  Detail of the ventrai exterior of Eoconulus cf. semiregularis Biernat, 1 973, showing a 'pore ' ;  Gullhogen 
Formation (sample GB84-2-19) ; Brl 32719d, x2756 ( see also Fig. 1 06E) . 
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Fig. 40. Diagrammatic comparison between the three main types o f  shell structure i n  the examined acrotretacean subfamilies. DA. The 
acrotretines and toryneIasmatines have a camerate secondary layer with wedge-shaped laminae, where the upper and lower lamellae are 
connected by walls, in addition to a columnar tertiary layer with perpendicular columns. DB .  The secondary layer of the ephippelasmatines 
and biernatines is entirely columnar; the shell structure of the eoconulids is not well known, but some speeies appear to have a columnar 
secondary layer. De.  The scaphelasmatines have a thin camerate secondary layer with wedge-shaped laminae. Note that the empty spaees, 
which are commonly present within the columns and walls, and between successive laminae have been omitted; they may have contained 
some of the organic matrix. Not to scale . 

the specific ontogenetic stages represented by fossil mate

rial, but among other things, the so-called protegula of 

most Palaeozoic acrotretaceans possess a dorsal pseudo

interarea as well as a pedicle foramen that are indicative of 

later growth stages (Popov el al. 198 1 ;  Rowell 1 986) . In all 

probability these early structures (which are preserved on 

the umbo of most fossil acrotretaceans and lingulaceans) 

represent a mould of the organic larval shell. As noted by 

Rowell ( 1 986) this fact is of some importance when discuss
ing the dispersal of brachiopods, and also in attempts to 
compare different kinds of ontogenetic developments. 

Although it appears that a protegulum (in a strict sense) 
is generally unobservable in fossil material, the peculiar 

pitted plate preserved on the ventraI valve of Eoconulus 

(described on p. 63; e .g . ,  Fig. 1 07E) could be related to the 
embryonic (or possibly early postembryonic) stage. 

The term larval stage is used here in the sense of Chuang 

( l 971a, 1971b, 1977) , Popov el al. ( 1 982) , and Rowell 

( 1 986) . In Recent discinaceans and iingulaceans this stage 

of development begins approximately when the lopho

phore has two pairs of filaments, whereas the time of 

settlement ( in terms of days and number of lophophoral 

filaments) of the planktotrophic larvae varies between the 

two superfamilies. In GloUidia settlement occurs after a 

maximum of about 20 days when the lophophore has up to 

about 20 filaments (Paine 1 963) . At the time of settlement, 

the discinacean larvae are up to about six days old and have 

four filaments (Chuang 1977) . In postlarval shells of Re

cent phosphatic inarticulates, the outline of the larval shell 

is seen clearly as a circle of disturbanee in the growth, 

probably caused by settlement of the larva and the change 

from a planktotrophic to sedentary life (Paine 1 963; 

Chuang 1 977) . In Lingzda analina the larval shell is about 

0 .45-0 .75 mm wide and 0 .55-0 .94 mm long, and on aver

age 80% as wide as long (Chuang 1 96 1 , 1 962) . The larval 

shell of Recent Glottidia is around 0.70 mm long, but in 

exceptional cases can exceed l mm in length , apparently 

due to a prolongation of the larval stage (Paine 1 963) . The 

larval shell of Recent discinaceans is generally somewhat 
smaller, around 0.40 mm across (Chuang 1977;  Figs. 40-
43) . 

The size of the larval shell in phosphatic inarticulates 
appears to remain roughly constant within the superfami

lies, rather than being proportional to the size of the adult 

animal . For example, the maximum width of the dorsal 
larval shell of Lingula analina is around 0.75 mm (Chuang 

1962, Table l ) ,  constituting about 3% of the maximum 

adult width (22 .3 mm according to Chuang 1962 , Table 3) . 

The same ratio for the Ordovlcian iingulacean Spinilingula 

radiolamellosa is about 28%;  the width of the dorsal larval 

shell is 0.64 mm, whereas the maximum width is only 

2 . 25 mm. 

Between the last three postlarval ontogenetic stages Uu

venile, adult, and gerontie) the boundaries are transitional, 

and it is difficult to define unambiguous criteria for recog

nizing meaningful and comparable ontogenetic stages. Ju

venile is used for stages that lack fully developed adult 

morphological features ( see below) . The juvenile stage of 

many acrotretaceans can be divided into a brephic (=nepio

nic, Beecher 1 892, p. 1 50;  or early juvenile) and neanic 
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Fig. 41. DA. Ornamentation of a ventral valve of Rowellella holenmsis sp .  nov. ; Dalby Limestone (sample DLK83-dal-36) ; Brl 32978, x1 60. DB.  
Detail of A, showing the contact between the larval and the adult shells; x360. D e. Detail of A, showing the pitted ornamentation of the adult 
shell; xI OOO. 

(=nealogic, Beecher 1 892, p .  1 5 1 ;  or late juvenile) stage, by 

reference to the developmental stages of the dorsal pseu

dointerarea ( see also Holmer 1 986) . Brephic is used, essen
tially in the sense of Williams & Rowell ( 1 965a, p.  H 1 41 ) ,  
for the earliest juvenile stages that have well developed 

growth lines and a crescent-shaped incipient dorsal pseu

dointerarea, consisting of a thin , undivided plate that lacks 

propareas. The transition to the neanic stage is marked by 
the appearance of a divided widened dorsal pseudointer

area with propareas ( see also Williams & Rowell 1 965a, p .  

H I 48) . Adult acrotretaceans have one or severaI of the 

following, fully developed characters: ( 1 )  thickened cardi

nal muscle scars, (2 )  an apical process, (3 )  a median but

tress, and (4) an elaborate median septum. In gerontic indi

viduals the adult characters are more strongly pronounced 

and the internal structures of the valves increase in thick-

ness. 

The following section outlines and discusses different 

types of early ontogenetic development, and their associ

ated types of micro-ornamentation. 

Lingulacea and Discinacea 

Ling;ulacea 

In the material studied the lingulaceans are represented 

mostly by juveniles and/or fragments of adults. 

No obvious traces of a protegulum, comparable in size to 

that of Recent lingulaceans (e .g . ,  Chuang 1 962) , have been 
identified, but a growth disturbance on the umbo of many 

lingulaceans defines an oval plate that is similar in size and 

shape to the larval shell of Recent forms ( see also Popov et 

al. 1 982 ) . The disturbance is commonly, but not always, 

associated with a change in ornamentation; the larval shell 

is mostly smooth, whilst the postlarval surface commonly 

has well developed growth lines, fila, rugae , lamellae , papil

Iae or pits. 

The following four types of early ontogeny can be distin

guished: 

( 1 )  The lingulelline Rowellella cf. lamellosa (Fig. 5 1 )  and R. 

holenensis (Figs. 4 1 ,  52) have a well defined larval shell, but 
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Fig. 42. DA. Detail of the anterior portion of a ventral valve of Recent Discinisca lamellosa; the location of B and five other attached juvenile 
shells is indicated by arrows; Chile; Br1 33667a, xl O. DB. Detail of A, showing a lateral view of an attached juvenile; x75. 

in older individuals it is generally broken off (Figs. 5 1 ,  
52H) . I n  sections through R cf. lamellosa the larval shell is 

a thin and well defined plate, which lacks the primary shell 

layer (Fig. 17 A) . 

In juveniles of R holenensis the larval shell is better pre

served; it is as long as wide, about 0.50 mm in diameter. The 

surface is smooth, apart from some faint concentric lines 

laterally (Figs. 41 , 52C-D) . The boundary with the postlar

val shell is fairly sharp and is accentuated further by the 

ornamentation of shallow pits, which starts at the edge of 

the larval shell (Figs. 41B,  52D) . The pits on the postlarval 

shell are closely spaced and distributed evenly over the 

surface of the valve. They are circular and of almost uni

form size , with a diameter of 2-3 /lm (Fig. 41C) . 

(2 )  In the other members of the Lingulellinae and 
Glossellinae , the larval shell is best defined when the post
larval shell is strongly ornamentated, as in Spinilingula 

radiolamellosa (Figs. 46, 50A, D) , and in some undetermin
able fragments of a glosselline (Fig. 53G-H) . In S. radio

lamellosa a growth disturbance forming a circular line, 
about 0.46-0.64 mm wide, indicates the boundary of the 

larval shell; the lamellose ornamentation starts a short 

distance in fron t of the the larval shell (Figs. 46, 50A, D) . 

The lamellae of the postlarval surface are provided with 

short spines, arranged along radiating lines (Fig. 50A; see 

also Savazzi 1986) . 

In some fragments of a ventrai valve of a glosselline (Fig. 

53H) , a circular line of disturbance in growth defines a 

smooth circular shell which is over 2 mm long and may 

correspond to a prolonged larval stage . The surface of the 

remainder of the valve is strongly papillose, with papillae 

(up to 50 /lm long) arranged in more or less straight rows 

(Fig. 53G-H) . 

( 3) In many of the lingulaceans, such as Rosobolus? sp. nov. 

a (Fig. 48A) , Expellobolus? sp. nov. a (Fig. 48E, I ) , Lingulella? 

alata (Fig. 49A, G) , and Paldiskites? sp. nov. a (Fig. 50G, K 

J) , the umbo bears a number of subdued circular lines of 

growth disturbances. It is not clear which of these lines 

defines the larval shell; the associated change in ornamen

tation is poorly accentuated. In these species the approxi

mate width of the larval shell varies from about 0 .5 mm (in 

Rosobolus? sp. nov. a) to 0 .8 mm (in a ventrai valve of 

Lingulella? alata? ; Fig. 491) . In a longitudinal section 

through the umbo of the ventrai valve of Rosobolus? sp. nov. 

a, the larval shell is sharply delineated and constitutes a 

separate plate (Fig. 1 6B, D) . 

(4) The exact growth stage represented by the two illus

trated young ventrai valves of an unnarned species of 

Lingulella? (W 0.50-0.64; Fig. 48L-M) is uncertain . It is 

probable that they represent the early postlarval stage , and 
already at this stage there is a well developed internal area 

(Fig. 48M) , with a shallow pedicle gro ove and minute 

propareas. On the exteriors of both valves there is a line of 

growth disturbance, defining a shell about 0 .3-0 .4 mm 

wide .  In front of this line concentric ornamental lines are 
more crowded; in all probability this marks the edge of the 

larval shell (Fig. 48L) . The exterior of both these valves has 

a micro-ornamentation with minute polygonal ' scales' (up 

to 2 /lm across) and arranged in terraces ( see also Holmer 

1986, Fig. 4G-I) . 

Recent Discinacea 

For the purpose of comparison, the micro-ornamentation 

of some dry dorsal and ventrai valves of the Recent Dis

cinisca lamellosa were examined (Figs. 42-44) . This species 

occurs commonly in clusters that include individuals of 

varying size (e .g . ,  Rowell 1 965, Fig. 1 78 :3A; Fig. 42) . In 

young growth stages the material shows some previously 

unknown detaiIs of the micro-ornamen tation of the perios

tracum. 
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Fig. 43. DA-D. Early juvenile dorsal valve of  Discinisca tamellosa (removed from the adult shown in Fig. 42) ; Br1 33643. DA.  The location of  B 
and C is indicated; xl00. DB.  Detail of A, showing the possible larval shell; x440. D C. Detail of A, showing the arrangement of minute 
vesicle-like structures in the periostracum; x l OOO. OD. Detail of A, showing a side view of the vesicle-like structures; x l 0000. D E-F. Early 
juvenile shell of Discinisca lamellosa, removed from an adult dorsal valve; Brl 33667b. DE .  Ventrai view; the location of F is indicated; x1 20. 
O F. Detail of E, showing the vesicle-like structures; x2600. 
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Fig. 44. DA. Dorsal valve of Recen t Discinisca lamellosa; the location of B-D is indicated; Chile; Br 1 33666, xl O. D B. Detail of the apical portion 
of A, showing the outline of the larval shell; x IOO .  DC. Detail of A, showing the ornamentation of concentric ridges and radial capillae ; x I OO .  
OD .  Detail of  of  A ;  xl 000. 

Seven complete ,  attached shells of D. lamellosa have a 

subcircular outline, 0.5-0 .7 mm in diameter. No pedicle 

notch is developed in the ventrai valves, but the posterior 

margin is slightly concave (Fig. 43E) . The shells resemble 

the late planktotrophic discinacean larvae with four pairs 

of lophophoral filaments, first described by Muller ( 1 860; 

see also Chuang 1977 for a review) . 

The dorsal valves show three major concentric lines, 

each marking a disturbanee in the shell growth (Fig. 43A) . 

The circles have a diameter of about 53,  100, and 450 /lm, 

respectively (Fig. 43A-C) .  The area outside the third line 

of growth disturbanee possibly marks the change from 

planktotrophic to filter feeding (see also Chuang 1 977) . At 

this stage , formation of regular growth lines begins (Fig. 

43C) . The significanee of the earlier growth disturbances is 

not obvious; the ventrai valve of a complete shell, 0.5 mm 

in diameter, shows only a single outer line of growth distur

banee (Fig. 43E) . 

In all examined larval shells the surface of the periostra

cum is ornamented with densely spaeed, minute ,  vesicle

like structures distributed even ly over the entire exterior 

surface outside the innermost line of disturbance. The 

density of these structures averages about 250 000 

per mm2, which corresponds to about 49 000 vesicles per 

valve (Fig. 43B-D, F) . On a somewhat larger dorsal valve 

(0 .7 mm in diameter) the vesicles disappear gradually to

wards the outermost line of disturbanee (Fig. 43C) . The 

vesicles of the dorsal valve are oval, about 1 .5 /lm long, with 

the maximum dimension perpendicular to the direction of 

growth. The vesicles on the examined ventrai valve are 
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more rounded in outline and generally somewhat smaller, 

about l .0 11m long (Fig. 43F) . 

An etched section (in 2% EDTA for 10  min) through one 

of the young dorsal valves (0.5 mm in diameter) showed 

that it is about I l  11m thick. The vesicles are developed in a 

thin uppermost layer ( about 300 nm thick) of the perios

tracum (up to 3 11m thick) . Beneath the periostracum there 

is  a layer, up to 6 11m thick, which appears to be at least 

partly mineralized. 

The umbo of the examined adult dorsal and ventrai 

valves has a conspicuous, smooth, subcircular area (Fig. 

44A-B) , corresponding to the larval shell ( cf. Chuang 

1 977, Fig. 1 1 ) .  

In both valves of D. lamellosa an ornamentation of closely 

spaced fila starts abruptly at the edge of the larval shell (Fig. 

44B) . The fila are transversed by fine, low, radial capillae , 

up to 7 11m apart, intersected by concentric ridges, up to 

2 11m apart (Fig. 44C-D) .  This micro-ornamentation is ap

parently developed in the periostracum. The minute con

centric ridges resemble those described by Williams & 

MacKay ( 1979, p. 730) from the periostracum of Recent 

Discinisea strigata. 

Discinacea 

The ontogeny and micro-ornamentation of the disci

naceans is illustrated best in Orbiculoidea? sp. b and Schizo

treta sp. a. 

No isolated early stages were found, but the larval shell 

on older individuals is well defined; it is invariably almost 

completely smooth ,  with the exception of some very faint 

concentric lines (Fig. 45A-B, D ) . The larval shell is almost 

circular, on ave rage 0 .50 mm wide and 0 .42 mm long 

(range WL 0.44-0.56, LL 0.32-0.51 ; N=4) in Orbiculoidea? 

sp. b, and up to 0 .64 mm wide and 0.54 mm long in Schizo

treta sp. a (Fig. 46, 1 1 2]) . There is no pedicle notch in the 

ventrai larval shell of any of the examined species (Fig. 

1 1 2D-E, G, J) . Sections through the larval shell of both 

species show that it constitutes a separate plate, not covered 

by primary shell. In both species ornamentation compris

ing shallow pits starts abruptly at the edge of the larval shell 

(Figs. 45B, 46, 1 1 2H) ; it is developed continuously over the 

remainder of the juvenile and adult growth stages but is 
missing on the ventral listrium of Orbiculoidea? sp. b. 

In Orbiculoidea? sp. b the distribution, density, and size 

range of the pits are uniform over the entire postlarval shell 

surface of both valves. The shape of the pits varies from 

roughly circular on the early postlarval shell to somewhat 
oval in later growth stages; these oval pits are arranged with 

their maximum dimension almost perpendicular to the 

direction of growth (Fig. 45B-C) . The size of the pits varies 

from less than l 11m in diameter close to the larval shell, to 

about 5 11m long and 3 11m wide in later stages. The pits are 

closely spaced, separated by ridges about 2-7 11m wide (Fig. 

45B-C) . 

The micro-ornamentation of Schizotreta sp. a differs from 

that of Orbiculoidea? sp. b mainly in having pits developed 

in two size-groups: (a) rounded small pits up to about 

0.6 11m in diameter, and (b) larger pits of varying outline,  

up to 7 Ilm long and 4 11m wide (Figs. 45D-F, 1 1 2H) . The 
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smaller pits are closely spaced and distributed even ly over 

the surface of the postlarval shell (Fig. 45F) . The larger pits 

are arranged along discontinuous radial rows (Fig. 45D-E, 

1 1 2H) . 

During the larval and brephic stages of the dorsal valve 

of both species, growth is hemiperipheral (Fig. 1 1 2]) , and 

shell material is not secreted posterior to the larval shell 

until the valve is about 0 .6-1 mm wide (Fig. 1 1 2C-E, G) . 

Neanic ventrai valves of both species have a pedicle 

notch (Fig. 1 1 3D-E, J) . Orbiculoidea? sp. b ,  has a listrium, 

but the central posterior portion of the ventrai mantle edge 

did not start to secrete shell material until the the valve was 

about 2-3 mm wide (Fig. 1 1 3D) . 

Discussion 

The larval shell of the Ordovician lingulaceans and disci

naceans examined here is invariably smooth and around 

0.4-0.5  mm wide (with the exception of the single valve of 

an unnarned species of Glossellinae , where it is about 2 mm 

long) . This corresponds closely to the larval shells in many 

previously described Lower Palaeozoic lingulaceans and 

discinaceans. For example, from the illustrations of Krause 

& Rowell ( 1 975, Pl. 1 : 1 , 4, 10 ) , the larval shell (WL 0.61 , LL 
0.52) of the Lower Ordovician Lingulella bullata is identifi

able .  

Holmer ( 1 986, Fig. 4A-I) described isolated young valves 

of an unnarned Ordovician lingulacean (Lingulella? sp. a) 

that are considered to represent larval or early postlarval 

stages. The smooth larval shell of this species is around 

0.4-0.5  mm wide and 0 .6  mm long. It has a poorly defined 

ventrai internal area (Holmer 1 986, Fig. 4F) , and lacks a 
dorsal internal area. On the umbo of larger valves, the 

larval shells are well defined and marked by lines of growth 

disturbances (Holmer 1 986, Fig. 4C) . A micro-ornamenta

tion of minute polygonal ' scales' was found in Lingulella? 

sp. a (Holmer 1 986, Fig. 4G-I) .  

Discinacean larval shells, similar in size and morphology 

to those discussed above , have also been figured previously 

in an unnarned Ordovician Schizotreta (Holmer 1 986, Fig. 

l IA, D) and from the upper Viru Orbiculoidea? kullsbergensis 

(Holmer 1 987b, Fig. 4B)
' 

Apart from the micro-ornamentation with ' scales' , all 
examined larval shells of Ordovician lingulaceans and dis
cinaceans appear to be almost smooth . The only exception 

to this is the extremely thin-shelled aberrant lingulacean 

Paterula, in which the circular larval shell is distinctly pitted, 
with circular pits comparable with those of acrotretacean 
brachiopods (Popov et al. 1 982,  Fig. 1 :2 ;  Holmer 1 986, Fig. 

4N-O) . The postlarval shell surface of this species is also 

very distinct, with a regular divaricate pattern of rhom bical 

pits, unlike those of any other lingulacean . 

In sections through the umbonal region of lingulaceans 

( Rowellella cf. lamellosa and Rosobolus? sp. nov. a) and disci

naceans, the larval shell comprises a separated plate that is 

not covered by the primary layer. The postlarval ornamen

tation is developed on a distinct, granular primary layer. It 

is possible that this change in secretional behaviour of the 

mantle is connected with the first appearance of the ' con-
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veyor belt system '  (cf. Biernat & Williams 1970) , and the 

change to sedentary postlarval life .  

The vesicle-like structures in  the larval shells of  Recent 

Discinisca lamellosa clearly require further study. However, 

they can be interpreted as indicating a vesicular structure 

of the larval periostracum. The possible advantages of a 

vesicular periostracum in dispersion of acrotretacean lar

vae have been discussed by, among others, Biernat & Wil

liams ( 1 970) and Rowell ( 1 986) , but such a structure has 

never been observed in the larval periostracum of Recent 

brachiopods. The minute periostracal vesicles of D. lamel

losa appear to be developed in the uppermost periostracal 

layer and do not leave an imprint upon the mineralized 

shell. 

In lingulaceans the postlarval ornamentation is relatively 

well known. The development and significance of the orna

mentation, forming divaricate patterns, have been dis

cussed in detail by Seilacher ( 1 972) , Wright ( 1 981 ) ,  and 

Savazzi ( 1 986) . 

The pitted nature of the postlarval shell surface of some 

trematid discinaceans was discussed by Wright ( 1 981 ) ,  and 

the minutely pitted postlarval micro-ornamentation of Or

dovician orbiculoidines was described by Holmer ( 1 986, 

1 987b) . 

Acrotretacea 

A detailed description of the ontogeny ofvarious acrotreta

cean species is given in the systematic setion of this mono

graph. However, some common patterns are outlined and 

discussed immediately below. 

Acrotretinae and Torynelasmatinae 

The material of these two subfamilies did not include any 

isolated larval shells; on the apex of postlarval valves, the 

larval shell is preserved as a well defined plate . 

The outline of the larval shell is invariably slightly elon

gated transversely. Within a species, the size of the larval 

shell is fairly constant, with a width that varies from about 

0 . 1 5  mm in the toryneIasmatines (Figs. 46, 74C, 76B) to 
about 0 .41 mm in Physotreta deformis (Fig. nC) . In most 

other species the larval shell is around 0.20 mm wide, 
corresponding to about 10-20% of the maximum adult 

Fig. 45. DA-C. Ornamentation of a dorsal valve of OriJiculoideaJ sp. 
b;  Gullhogen Formation (sample GBS4-1-3) ; Br1 32613 .  DA. The 
location of B and C is indicated; x24. DB. Detail of A; the edge of 
the larval shell is indicated by an arrow; x330. DC.  Detail of A, 
showing the pitted exterior of the adult shell; note that the pits are 
arranged in discontinuous rows; x240. D D-F. Ornamentation of a 
dorsal valve of Schizotreta sp. a; Furudal Limestone (sample DLKS3-
fur-6) ;  Brl 29053. OD .  The edge of the larval shell is indicated by 
arrows; the location ofE is indicated; x20. DE.  Detail of D, showing 
the pitted exterior of the adult shell; note that the large pits are 
arranged in discontinuous radial bands; x l SO.  OF.  Detail of E;  
x1 300. 
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width (Fig. 46) . In  lateral profile the dorsal larval shell is 

flattened with one or three nodes at about the centre of the 

valve (e .g .  Figs. 55C, 67H) . The ventraI larval shell is 

around 0 . 10-0 .30 mm high and invariably provided with a 

pedicle foramen that does not appear to have become 

widened by resorbtion during subsequent growth stages. 

The larval shell of the acrotretines and toryneiasmatines 

is always pitted, although the pits may have become obliter

ated subsequently, resulting in a smooth surface (e .g . ,  ACTD

tretelta sp. ,  Fig. 76B) . The size and density of the pits vary 

slightly between various species. Three types of larval orna

mentation can be distinguished. ( 1 )  Pits of uniform size 

( 1 .6--5 .0 �m) that overlap one another. For example , Cono

treta? mica, c.? siljanensis, and Hisingerella billingensis have 

this kind of ornamentation (Figs. 54F, 57C, 61J) . (2 )  Pits of 

somewhat varying size , up to about 3 �m in diameter, that 

do not generally overlap. Examples include Cyrtonotreta, 

Physotreta, and Spondylotreta; e .g . ,  Figs. 7lB ,  73F) . (3 )  Large 

pits, up to about 6 �m in diameter, surrounded by clusters 

of smaller pits, up to 2 �m across , that do not overlap . In 

the examined material only Hisingerella? unguicula has this 

type of larval pitting (Fig. 62D ) . The pits of all three types 

decrease gradually in size towards the edges of the larval 

shell (see, e .g . ,  67I) . 

The boundary with the postlarval shell is marked by the 

disappearance of the pits and the appearance of growth 

lines. In most acrotretines and torynelasmatines this 

change in ornamentation is enhanced further by a line of 

growth disturbance (e .g . ,  67H) , but occasionally the 

boundary appears to be transitional (e .g . ,  67B) . 

The youngest isolated acrotretine and torynelasmatine 

shells belong to the brephic stage (Figs. 59, 67J-K, 75A-K) . 

The brephic dorsal pseudointerarea is minute , undivided 

and lacks propareas (Figs. 46, 59A, C, E,  67J, 75D) . A simple 

median septum with an upper septal rod is developed early, 

during thejuvenile stage (Figs. 59B, D, 67K, 75C) , whereas 

the interior of the brephic ventrai valve (Fig. 59F-H) com

pletely lacks recognizable structures. 

In acrotretines and toryneIasmatines the transition to 

the neanic stage is marked by the development of a wid

ened dorsal pseudointerarea with propareas. In Tor

ynelasma suecicum the beginning of the neanic stage is asso

ciated with the appearance of a surmounting plate (Figs. 

67C, 75G) . The approximate width at which the dorsal 
propareas are developed varies from around 0.46 mm in 

Torynelasma suecicum, to 0 .62 mm in Cyrtonotreta rydensis, 

corresponding to about 20-30% of the maximum adult 

width (Fig. 46) . Occasionally, neanic valves have a pair of 

weakly impressed cardinal muscle scars. In ventrai valves of 

Conotreta? siljanensis there is a minute apical process. 

In addition to a fully developed dorsal median septum, 

adult shells of acrotretines and torynelasmatines normally 

possess an apical pro cess, a median buttress, and a pair of 

distinct cardinal muscle scars. The approximate width at 

which this stage is reached varies from 0.93 mm in T. 

suecicum to 1 . 1 3  mm in Cyrtonotreta? striata. In some species, 

such as Conotreta? siljanensis and Torynelasma suecicum, ex

cessively thickened valves indicate a possible gerontic stage 

in the ontogenetic development (Fig. 46) . 



62 Lars E. Holmer FOSSILS AND STRATA 26 ( 1 989) 

o d5 lh 1�5 I I 2�O I 
I I I 2�5 m m  (w i d t h) 

L I j - A I v J d S p l " " 1 " g u l a  r a d l o / a m e l l o s  .. 

, , , 
L ) . o o o o o o o oJ 21\0 o o o o o o o o o o 

�c UOU U O U 0 0 0 0 0 0 0 0 0 0 0 0 o �J d 
0 °0 0° 0 °0 0° 0 °0 0° 0 0 0° 0 °0 0° 0 °0 0° 0 °0 V 

R o w a l l e l l .. h o / e " e " s / .  

\ 
\ 

\ 

L o o � o o �J 2 f\ � o o � o o � '0 o o o o o -o o o o o o o o o o o o o o � o d fe o o o o o o o o o o o o o o o o o o o o o o .  o U . o J 
0° <:, °0 0° 0 °00° 00_° 0.0 ° 0 ° nl v S c h l z o t r e t a  s p  . •  

� � � � 

� � � � 

L I j - A I � A C .. " t h a m b o " / .  d e l l c  a t a  

I 
I 
I 

v o " :J 0 0  0 0  
o o o� o o o 

o o "  
B l N 1 A 1 � v C o " o t r e t a ?  . 1 1 , . " e , u / . 

, , , O ] � e
ora B 

\ 
\ 
\ 

o o o �1 � 
o o � 0 0 B 0 0 0 0 0 , 

/ 
/ 

/ 

� o o 
o :1 Lo o Bl \ 

\ 
\ 

! N 1 A I v 
N � A ! fvI d N u m e r l c o m  .. p e r p l e x a  

N l A �G�v N u m e r l c o m a ?  s p l " o s a  

o - - :� o o o 
o o o 

o o Lo 
o 1 � d B N v " " ' " o t r e t a  d a ,, ' d '  

/ 
/, 

. I  

:or:J B i i I v A I ? G  J d N 
\ 

\ 
\ 

\GI d T o r  y " e  la s m a  . u e  c Ic U llf  

t: o 00 o
Oj P l t t e d  o r n a m e n t a t i o n  0 ° 0 o 

o 

p - P r o t e g u l e r  s t a g e  L - L . r v a l  · 

j - J u v e n l l e  . 
B - B r e p h l c · . 
N - N e a n l c  . 
A - A d u l t  . G - G e r o n t l c  · 

d - d o r s . 1  v - v . ..  t r a l  

B l e r n a t / a  h o l m l  

o o o 
�

oJ o o LO o o o o 
o B l N l A � S c a p " e / a . ", a  m / c  .. G v 

\ 
\ 

0 0  o 10 0;94 
0p L J i A �v E o c o n ll i ll s  c f .  s e m l r e g u l a r l s  
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Ephippelasmatinae 

Isolated larval shells of ephippelasmatines are rarely found 

(e .g . ,  Rhinotreta davidi; Fig. 84F) . Compared with the acro

tretines, the ephippelasmatine larval shell occupies a rela

tively large area, around 20-40% ,  of the adult shell (Fig. 

46) . In spite of this, the average size of the larval shell is 

somewhat smaller than in the acrotretines; the width of the 

transversely suboval larval shell varies from about 0 . 16  mm 

in Numericoma? spinosa (Fig. 89B) to 0.22 mm in Numericoma 

perplexa (Fig. 87E) . 

In lateral profile the dorsal larval shell is flattened and 

has a centrally situated node (e .g . ,  Fig. 87D) . The ventrai 

valve is up to 0 . 15  mm high, and there is commonly an 

exterior pedicle tube (e .g . ,  Fig. 87H) . The surface of both 

valves is ornamented with deep circular pits of varying size, 

up to about 3 �m in diameter; they are densely spaced, but 

do not overlap (e .g . ,  Fig. 87F) . 

As in all other acrotretaceans, the transition to the juve

nile shell is marked by the disappearance of the pits and the 

appearance of growth lines; in most specimens there is also 

a line of disturbance in the growth (e .g . ,  Figs. 80B, 89B) . 

The postlarval ontogeny varies slightly between different 

species of the subfamily. A brephic stage can be distin

guished by its min ute and undivided pseudointerarea. All 
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examined ephippelasmatine speeies, except for Numeri

coma? spinosa (Fig. 90A) , lack a median septurn during the 

earliest part of the brephie stage (Figs. 8 1B, 84A, 88A) . 

The width at which the ephippelasmatine neanic stage is 

attained varies from 0.27 mm in Numericoma? spinosa to 

0 .36 mm in Rhinotreta davidi (Fig. 46) . This corresponds to 

about 30-60% of the maximum width of the shell. During 

the neanic stage , the ephippelasmatine dorsal median sep

turn is form ed. In all species of Myotreta and Rhinotreta the 

neanic septurn is a flat, triangular plate (Figs. 8 lD ,  84C) , 

whereas in Numericoma and Ephippelasma it becomes twisted 

rapidly either to the left or to the right (Figs. 88E, 90D) . 

A fully grown ephippelasmatine shell is about 0.43-

0.57 mm wide. Some particularly thick shells can belong to 

the gerontic stage (Fig. 46) . 

Biematinae 

The on toge ny of only a single biernatine speeies, Biernatia 

holmi, could be examined in detail (Figs. 46, 97) . Com

pared with the ephippelasmatines and acrotretines, the 

larval shell of this species is small .  It is 0. 1 2  mm wide and 

0 . 1 I mm long, corresponding to about 8% of the maxi

mum adult shell width (Fig. 46) . The pitting of the larval 

shell is distinet, with large, eireular, flat-bottomed pits, up 

to 6 11m in diameter, that are surrounded by clusters of 

minute pits, up to about 600 nm across (e .g . ,  Fig. 96C) . The 

dorsal larval shell has a median sulcus (e .g . ,  Fig. 98D) . The 

strongly apsacline (e .g . ,  Fig. 98F) ventraI larval shell is 

about as high as wide. 

During the comparatively short brephie stage, the dorsal 

valve has a crescent-shaped pseudointerarea, in addition to 

a simple median septurn with an upper septal rod (Fig. 

97A) . The development of dorsal propareas and a sur

mounting plate, associated with the transition to the neanic 

stage, takes place when the shell is about 0 .23 mm wide 

(Fig. 97C) ; this corresponds to about 1 6% of the maximum 

width of the fully grown shell (Fig. 46) . The surmounting 

plate of the dorsal median septurn becomes convex during 

the later part of the neanic stage . The late neanic ventraI 

valve is highly conical ,  with the H/W ratio above 1 00% . The 

end of the neanic stage is reached when the dorsal median 

septurn is fully developed and develops a posterior plat

form. 
Most adult shells of B. holmi are less than 1 .0 mm wide. A 

few rare dorsal valves reaching widths ofup to 1 .43 mm may 

possibly belong to a gerontie stage (Figs. 46, 95G) . 

Scaphelasmatinae 

The four scaphelasmatines described in this paper have a 

closely comparable ontogeny, best illustrated by Scaphe

lasma mica. Some early ontogenetic stages of this speeies 

were described by Popov ( 1 975 and in Nazarov & Popov 

1 980) and Holmer ( 1 986) . 

The larval shell of S. mica and S. cf. pusillum is about 

0 .22 mm wide and 0 . 19  mm long, whilst in s. ? rugosum it is 

almost circular and 0 . 1 7  mm across (Figs. 99G, 1 01 B, 1 02C, 

l 03A) . In isolated dorsal larval shells of S. mica an incipien t 

pseudointerarea is already developed. The ventraI larval 
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shell has a posteriorly unrestricted pedicle notch. The 

scaphelasmatine larval shell corresponds to about 20% of 

the maximum width of the adult shell. There is a distinet 

larval ornamentation with large circular pits, up to 4 11m 

across, surrounded by clusters of smaller pits, up to 1 11m 

across. The boundary with the brephie stage is mostly 

transitional. 

The brephie stage of S. mica is comparatively long and 

can be divided into the following three phases: ( 1 )  at first, 

a dorsal median septurn is laeking, and the pedicle notch is 

unrestricted posteriorly (Fig. 103B, E) , (2 )  later a low sep

turn develops, and (3) during the late part of the brephie 

stage, a pedicle foramen is formed; that is, the posterior 

median sector of the ventraI mantle starts to secrete shell 

material (Fig. 1 03D) . In contrast, the entire brephie stage 

of S.? rugosum lacks both a dorsal median septurn and a 

pedicle foramen (Fig. 1 03e-H) . In both speeies the maxi

mum width of the brephie shell corresponds to about 40% 

of the maximum shell width (Fig. 46) . 

During the short neanic stage of S. mica and s.? rugosum 

the dorsal pseudointerarea is slightly widened and devel

ops a pair of propareas (Fig. 46) . The neanic valves of the 

latter species develop a foramen, a dorsal median septurn 

(Fig. l 03F) , and up to five lamellae, whereas the former 

speeies has only one or two lamellae . The adult stage of 

both species is reached when the cardinal muscle scars 

be come thickened (Fig. 46) . 

Eoconulidae 

There are few isolated early ontogenetic stages of the five 

euconulid species examined; most ventraI valves appear to 

belong to the adult stage . In the larval and juvenile stages 

the ventrai valve was probably either poorly mineralized or 

not mineralized at all .  

The cementing ventraI valve of Eoconulus cf. semiregularis 

and E. sp. nov. a preserves the earliest ontogenetic stages 

known in fossil brachiopods (Fig. 46) . At about the centre 

of the ventrai valve these two species have a depression 

defining an oval to circular plate, up to 70 11m wide, that has 

a most peculiar morphology (e .g . ,  Fig. 1 07D) . At about the 

centre of the plate there is a spherical to oval 'bubble ' ,  up 

to 40 11m across, which is here terrned lmlla (Fig. 106G) . 

The bulla has two lateral circular apertures, up to 7 11m 
across, and in some speeimens, a minute perforated cone 
is telescoped into the aperture (Fig. l 06H) . The bulla is 

frequently deformed and shows ' scars ' ,  as if it had been 

attached to some object (Fig. 1 07E) . 

The bulla is connected to the circular plate by a rounded 

constricted 'neck' (Fig. 1 06G) , and whereas the plate itself 
is pitted, the surface of the bulla is completely smooth (e .g . ,  

Fig. 1 07E) . The pits on the central plate are of two types, 

comprising large flat-bottomed pits up to 4 11m across, sep

arated by smaller overlapping round-bottomed pits, up to 

1 11m in diameter (Fig. 1 06C) . Anterior to the bulla, there 

is a distinet notch in the plate , up to about 20 11m wide and 

30 11m long, where the pits are missing (Fig. 107D-E) . 

The pitted plate and the bulla occur within the limits of 

the ventral larval shell and represent an earlier ontogenetic 

stage ( see discussion below) . 



64 Lars E. Holmer 

The boundary with the larval stage on the ventrai valve 

of E. cf. semiregularis and E. sp. nov. a is marked by the 

disappearance of the pits, and the ventral larval shell of the 

euconulids lacks both pits and true growth lines. The shape 

of the euconulid ventrai larval shell appears to follow the 

configuration of the substrate ; the larval attachment scar is 

flat (Fig. 1 06F) , wrinkled and irregular (Fig. 39B) , cylindri

cal (Fig. l OSE) , or ridge-like (Fig. 1 07B) , and there are 

numerous scattered 'pores' (Fig. 39B) . The ventral larval 

shell of E. cf. cryptomyus and E. robustus is poorly defined. 

The dorsal larval shell of all euconulids is almost circular, 

and up to 0.25 mm across; it is invariably pitted, with over

lapping pits that are flat-bottomed, up to 9 11m across, 

separated by dusters of smaller pits up to 800 nm across 

(Figs. 1 0SD, 1 1 0C) . The boundary with thejuvenile stage is 

either transitional (Fig. 1 1 0C) or abrupt (Fig. 1 1 0F) . Some 

specimens of E. robustus al ready show a growth disturbance 

within the dorsal larval shell, whose outline appears to 

follow the configuration of the substrate (Fig. 1 1 0J) . In E. 

cf. clivosus some dorsal larval shells have bulbous nodes, 

each about 50 11m across, which are als o probably related to 

the configuration of the substrate (Fig. 1 1  OB, F) . 

The ventrai valve of all examined euconulid species ap

parently became mineralized late in ontogeny. By compar

ison with E. cf. semiregularis and E. sp. nov. a, the ventraI 

valves of E. cf. cryptomyus, E. robustus, and E. cf. clivosus were 

mineralized still later in ontogeny, which could be the 

reason why the earliest developmental stages are preserved 

in the former two species, but missing in the latter. In some 

specimens of E. cf. clivosus and E. cf. cryptomyus, the apex of 

the dorsal valve appears to have been broken, and possibly 

sealed off during a later part of ontogeny (Fig. 1 1 0H) . 

Discussion 

As noted above , it is unlikely that any of the previously 

described so-called protegula of acrotretacean brachio

pods in fact represent an embryonic shell secreted within 

the vitelline membrane (see also Popov et al. 1 982 and 

Rowell 1 986) . However, the earliest preserved stages in the 
ontogeny of the eoconulids, Eoconulus cf. semiregularis and 

E. sp. nov. a, were probably formed early during, or even 

prior to, the larval stage. The circular pitted plate and the 
bulla of the ventrai valve appear to have been flexible and 

were probably not mineralized; in this preservation they 

probably represent a mould, secreted as a mineralized 
sheet beneath the periostracum (see also Biernat & Wil

liams 1 970) . This preservation is probably a reflexion of the 

encrusting life habit of the Eoconulidae ; the structure had 

a protected location on the exterior of the cementing 

ventrai valve . 

The interpretation of the peculiar smooth spherical 

bulla of the ventraI valve is not obvious. It is probable that 

both the bulla and the pitted plate were forrned at the same 

time as a chitinous shell, secreted either by the embryo, as 

a protegulum, or by the early larva. The protegular or larval 

periostracum of the circular plate was vesicular (cf. Biernat 
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& Williams 1970) , whereas the flexible ,  chitinous layer of 

the bull a did not have the vesicular structure . 

The width of the pitted plate is about 1/3  that of the 

protegulum of Lingula. The circular shape and the posses

sion of a posterior notch agrees with that of the ventrai 

larval shell of the scaphelasmatines, although the latter is 

about three times larger. In size the pitted plate is dose st 

to the earliest larval shell of Discinisca, which is about 
20-70 11m across and is secreted during the stage with three 

pairs of lophophoral filaments (Chuang 1 977, Fig. 6) . 

The eoconulids were probably derived from the scaphe

lasmatines ( L. E. Popov, personal communication 1 986) , 

and the minute notch in the pitted ventrai plate of the 

former may correspond to the pedide notch in the ventraI 

larval shell of the latter. The bulla is situated within this 

'pedide' notch, which invariably faces towards the poste

rior margin of the ventrai valve . For this reason, the bulla 

might represent an incipient 'pedide ' ,  ofwhich a mould of 

the chitinous cutide is preserved. It is difficult to envisage 

the function of the two lateral apertures of the 'pedide ' 

bulla, but they might have been used somehow in early 

attachment to the substrate . 

No Recent inarticulate brachiopod larvae develop a ped

ide before or during the early larval stage ; in lingulaceans 

and discinaceans the pedide is first seen late during the 

larval stage , just prior to settlement. 

Popov et al. ( 1 982, p.  99, Fig. 2:6) noted that the edge of 

the dorsal larval shell of some specimens of Eoconulus semi

regularis reproduces the irregularities of the substrate . This 

faet is also apparent from some dorsal larval shells of E. cf. 

semiregularis and E. robustus, which means that the secretion 

of the ' larval shell' must have continued also some time 

after settlement. As settlement marks the end of the larval 

stage (in a strict sense) , this indicates that the end of the 

so-called ' larval stage' in acrotretaceans is not always corre

lated with settlement. 

The pitted nature of the larval shells of acrotretaeean 

brachiopods has attracted attention ever since it was first 

reported by Biernat & Williams ( 1 970) . Popov et al. ( 1 982) 

adequately summarized previous studies on the fine strue
ture of the larval shells of inarticulate brachiopods. It is 
generally agreed that the pitting represents the negative 

replica of an organic and vesicular shell (Biernat & Wil

liams 1 970; see also Ludvigsen 1974; and Bitter & Ludvig

sen 1 979) . In this con text it is interesting to note the 

vesicular nature of the periostracum of some larval shells in 

Recent Discinisca lamellosa, deseribed briefly above . 

In the eoconulids and other acrotretaceans the end of 

the larval stage is correlated with a change in the secretio

nal pattern . As suggested by Biernat & Williams ( 1 970) , it 

is possible that this is due partly to the appearance of the 

' conveyor belt system'  of the epithelium. In thin section, 

the acrotretacean larval shell constitutes a thin separate 

plate that probably represents a mould of the larval perios

tracum. The plate lacks a primary shell layer; seeretion of 

the primary layer starts first in the juvenile stage . 
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Siphonotretacea 

Two siphonotretacean species, Acanthambonia delicata and 

Nushbiella lillianae, yielded some information on early on

togeny this group, but few isolated early stages were found. 

In Acanthambonia delicata the larval shell is smooth, circu

lar, and about 0 .25 mm across. The ventraI larval shell is 

pierced by a min ute pedicle foramen that became atro

phied during later growth (Fig. 1 1 51) . The boundary with 

the juvenile stage is marked by the development of growth 

lines and spines. The ontogeny of the closely related Acan

thambonia portranensis was described in greater detail by 

Popov & N6lvak ( 1 986) . 

In Nushbiella lillianae the smooth larval shell is about 

0 .28 mm wide and 0 .23 mm long, but it is not always well 

defined on older individuals. The ventraI larval shell is 

partitioned roughly into three lobes, with a central poste

rior lobe that is bulbous and elevated in lateral profile ,  and 

two lateral lo bes. The valve is penetrated practically along 

its whole length by an anteriorly unrestricted, keyhole

shaped pedicle notch . However,  in some speeimens the 

anterior margin of the ventraI larval shell appears to be 

entire . The outline of the dorsal larval shell is not known in 

detail . The larval shells of both valves are smooth and the 

boundary with the brephie stage is marked by t�e appear

ance of spinose lamellae . 

The larval shells of other siphonotretaceans (Siphono

treta, Multispinula, and Helmersenia) are also smooth, but 

somewhat larger, around 0.40 long (Biemat & Williams 

1971 )  . 

The brephic and juvenile stages of both valves of Nush

biella lillianae are extremely thin. The posterior part of the 

keyhole-shaped pedicle foramen is plugged in all speci

mens examined; only the anterior part appears to have 

remained open throughout the ontogeny. As far as could 

be determined, no resorption took place during the devel

opment of the pedicle foramen; it is of an almost constant 

size in all observed ontogenetic stages and is not observed 

cutting through growth lines. 

In contrast, the ontogenetic development of the pedicle 

foramen of many other siphonotretaceans includes some 

degree of resorption (e .g . ,  Rowell 1 962) . 

Summary 

There is no obvious trace of a protegular shell in the 

ontogeny of the examined Middle Ordovician phosphatic 

inarticulate brachiopods. However, the cementing ventraI 

valve of Eoconulus cf. semiregularis and E. sp. nov. a has a very 

small central pitted circular plate that possibly corresponds 

to a mould of a chitinous vesicular embryonic or early 

postembryonic valve . 

All fossil and Recent phosphatic inarticulates have some 

sort of larval shell that is secreted by a planktotrophic larva. 

In the morphology of the larval shell and with respect to 

details of the postlarval development the following three
' 

types can be distinguished: 

( l) In fossil and Recent lingulaceans and discinaceans the 

larval shell is large (as compared with that of the acrotreta-
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ceans) and lacks a pedicle notch.  Its surface is smooth and 

well delineated from the remainder of the shell by a line of 

growth disturbance. The larval shell constitutes a well de

fin ed plate, which lacks a primary shell layer. Some isolated 

larva! shells of Recent Discinisca lamellosa have an highly 

vesicular outer periostracal layer. The vesicles do not ap

pear to have left any marks upon the mineralized shell. 

The beginning of the juvenile stage is marked by a 

change in the secretional pattern of the man tie .  A thin 

outer primary shell layer is deposited, in which the orna

mentation (pits, spines etc . )  is developed. 

The discinacean pedicle opening (along with the list

rium, pedicle tube etc . )  is forrned during thejuvenile stage , 

when the posterior median sector of the ventraI mantle 

starts to secrete shell material . 

(2 )  The larval shell of the two examined siphonotretacean 

species is smooth, circular, and has a pedicle foramen. The 

boundary with the juvenile stage is marked by a line of 

growth disturbance, associated with formation of spinose 

lamellae . In adults of two species of Acanthambonia, the 

pedicle foramen is atrophied, whereas in Nushbiella lillianae 

it is only partly plugged.  

(3)  All examined members of the superfamily Acrotretacea 

have a comparatively small, eireular, pitted larval shell. The 

ventraI larval shell has a pedicle foramen,  except in the 

scaphelasmatines, which have a pedicle notch that is open 

at the posterior margin. The central posterior section of 

the ventraI mantle of the scaphelasmatines starts to secrete 

shell material during the early juvenile stage . 

The acrotretacean larval shell constitutes a separate 

plate , which lacks a primary shell layer. The boundary with 

the juvenile stage is marked by disappearance of larval pits 

and a line of disturbanee in shell growth; at about that time 

the mantle starts to secrete the outer primary shell layer. 

All brephic dorsal valves have a minute pseudointerarea 

that is undivided. In a few acrotretacean speeies an incipi

ent dorsal pseudointerarea is developed already in the 

larval shells. The neanic stage of the acrotretaceans starts 

when the propareas of the dorsal pseudointerarea are 

formed. 

Predation and malformation 

There is little evidence of any extensive predation in the 
faunas of the Middle Ordovician phosphatic inarticulate 

brachiopods; among more than 35 000 spee imens exam

ined, less than 30 specimens have unquestionable pre da

tory borings. 

In the upper Ryd Limestone a single sample (GB84-3-61 )  

yielded 1 6  speeimens with predatory borings - two dorsal 

and five ventraI valves of Scaphelasma mica (Fig. 471 ) , and 

four dorsal and five ventraI valves of Conotreta? siljanensis 

(Fig. 47A-B, F-H) . The relative frequency of valves with 

borings in the sample is about 2% of the speeimens of S. 

mica and 5% in c. ? siljanensis. A few ventraI valves of Cyrt

onotreta? striata (Fig. 66F-G, J) and Cyrtonotreta sp. (Fig. 
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47C-E) from the Dalby Limestone also have predatory 

borings. 

Normally there is a single borehole per valve . Only in 

one case, a ventrai valve of Cyrtonotreta sp. a, was a valve 

bored twice, but one of the borings does not penetrate the 

shell (Fig. 47D-E) . Due to the limited number of bored 

specimens available, neither the possible preferential loca

tion of the borehoies, nor the relative frequency of bored 

dorsal versus ventrai valves were determined. 

The boreholes have a circular to slightly elliptical outline 

and appear to penetrate the surface of the shell at about 

90· .  The external diameter varies from about 70 !-lm (Fig. 

471 ) to 220 !-lm (Fig. 47A-B) .  In most specimens the hoIes 

are countersunk, and the external diameter exceeds the 

inn er diameter by up to 30 !-lm (Fig. 47B, D-E, F-H) . A few 

hoIes lack a well defined countersunk rim (Fig. 471 ) . 

Predatory borings with an identical morphology have 

been described and diseussed in detail from Silurian acro

tretacean brachiopods (Artiotreta parva, Opsiconidion sp. )  by 

Chatterton & Whitehead ( 1 987; see this work for a full 

discussion of acrotretacean boreholes ) .  The material de

scribed by them differs by a somewhat higher frequency of 

bored specimens (8% of the total num ber of specimens of 

Artiotreta parva) and the slightly smaller size range of the 

hoIes (diameter 60-130 !-lm ) .  In Artiotreta parva the bore

hoIes were distributed about equally between dorsal and 

ventrai valves. They were located preferentially around the 

pedide opening on the ventrai valve, and between the 

umbo and the median septurn on the dorsal valve, where 

the valves are relatively thin. As noted by the authors, the 

failed borehoies, together with countersunk edges, indi

cate that penetration was from the outside, and that they 

are predatory borings rather than made for domicile . The 

identity of the boring organism cannot be determined with 

any degree of certainty, but the borings are similar to those 

produced by Recent muricid gastropods (Chatterton & 

Whitehead 1 987, p. 73) . 

Fig. 4 7. DA-I. Possible predatory boreholes in acrotretids. DA. 
Dorsal valve of Conotreta? siljanensis sp. nov. , showing a countersunk 
borehole; Ryd Limestone (sample GB84-3-61 ) ;  Br 1 329 1 4, x55. DB. 
Detail of A; x165.  DC .  Side view of a ventral valve of Cyrtonotreta sp. 
a, showing both an unfinished and a completed borehole; the 
location of D and E is indicated; Dalby Limestone (sample DLK83-
dal-12) ; Brl 32526, x20. OD.  Detail of C, showing the unfinished 
bore hole through the apical pro cess; x41 3. DE. Detail of A, show
ing the completed countersunk borehole; x207. O F. Side view of a 
ventrai valve of Conotreta? siljanensis sp. nov. ; Ryd Limestone (sam
ple GB84-3-61 ) ;  Brl 329 1 2, xl 06. O G. Detail ofF; x379. OH.  Detail 
of the edge of the countersunk borehole in G; x1 860. DI .  Ventrai 
valve of Scaphelasma mica Popov, 1975,  showing a borehole at the 
edge of the larval shell; note that the edges are not countersunk; 
Ryd Limestone (sample GB84-3-61 ) ;  Brl32915 ,  x1 2 1 .  DJ-L. Exam
ples of deformations in acrotretids. DJ. Dorsal valve of Myotreta 
dalecarlica sp. nov. , showing a deformed median septurn; Kårgårde 
Limestone (sample DLK83-segk-6) ;  Br128908, x90. D K  Side view 
of a deformed dorsal valve of Conotreta? mica? Goryanskij ,  1 969; 
Gullhogen Formation (sample GB84-1-1 ) ;  Brl 32598, x80. DL. De
tail of the disturbed growth in a ventral valve of Conotreta? mica 
Goryanskij, 1 969; Skårlov Limestone (sample DLK83-så-7) ; 
Brl 29003a, x90. 
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Malformations and disturbances in the growth of the 

Viru inarticulates are not common, but have been noted in 

some ephippelasmatines and acrotretines. In some speci

mens of Myotreta dalecarliea the growth of the otherwise 

regular dorsal median septurn has been disturbed (Fig. 

47J) , and in some specimens of Conotreta? mi ca? the direc

tion of growth of the dorsal valve is deflected temporarily 

during the neanic stage, resulting in a concave surface of 

the valve (Fig. 47K) . 

Large specimens of lingulaceans and acrotretaceans oc

casionally show traces of repaired external damages (Figs. 

47L, 50A) . 

Phylogeny and evolution 

Phosphatic inarticulates and brachiopod 
phylogeny 

Although the basic unity of the phylum has long been 

accepted generally, there have been some suggestions re

cently to the effect that brachiopods arose polyphyletically 

from severai independently developing phoronid-like (or 

'brachiophorate ' ,  Wright 1 979) lineages (Cowen & Valen

tine in Valen tine 1 973; Valen tine 1975, 1 977) . The Brachio

poda would then constitute a grade of organization rather 

than a monophyletic dade . An analysis and review of these 

proposals was presented by Rowell ( 1 98 1 a, 1 981b ,  1 982) . 

A recent provocative scherne for a polyphyletic deriva

tion of the brachiopods was developed by Goryanskij & 

Popov ( 1 985, 1 986) . They propose to restrict the phylum 

to the inarticulates having a calcium carbonate shell (Cra

niida, Craniopsida, Trimerellida, Kutorginida, and Obolel

lida) and the articulates. In their opinion phosphatic inar

ticulates, together with the phoronids and the ectoprocts, 

diverged from the line age leading to true brachiopods at a 

very early stage of lophophorate evolution, before the ac

quisition of a bivalved and mineralized shell (Goryanskij & 

Popov 1 985, Fig. 5; 1 986, Fig. 2 ) . 

Goryanskij & Popov ( 1 985) erected the new taxon Lingu

lata of the rank of dass to accomodate the ousted phos

phatic inarticulates, but did not state to what higher taxon 

this new dass should belong. The main basis for their 
proposal is the inferred differences in the partition of 
coelomic spaces in living brachiopods; according to them, 
the mantle, body cavity and shell of the articulates and 

Crania are not homologous with the mantle, body cavity 

and shell of the phosphatic brachiopods ( Goryanskij & 

Popov 1 986, p. 234) . Traditionally brachiopods are consid
ered to be trimerous organisms with proto-, meso- and 

metacoel; the coelom of the man tie and body cavity repre

sents the metacoel, whereas the mesocoel (and 'proto

coel ' )  is within the lophophore (e .g . ,  Hyman 1 959) . In the 

view of Goryanskij & Popov this is only true for the phos

phatic inarticulates. 

According to Percival ( 1 944) , the larva of the articulate 

brachiopod Terebratalia inconspiqua has two pairs of coe

lomic sacs; the anterior is within the man tie lobe and the 

posterior occupies the pedide lobe of the larva. In the view 

of Goryanskij & Popov ( 1 986, p. 233) these represent the 
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mesocoel and metacoel , respectively. In a similar way the 

coelomic partition of Crania is reinterpreted; according to 

Starobogatov ( 1 979) and Goryanskij & Popov, the main 

part of the body represents the mesocoel and the ' anal 

chamber' (e .g. Hyman 1 959, Fig. 198A) a reduced meta

coel. 

As noted by Goryanskij & Popov ( 1 986, p .  233) , ' i t  is 

known that coelomic partitioning in brachiopods is not 

obvious and may be a debatable feature ' ,  and Hyman 

( 1 959, p. 576) pointed out that Percival ( 1 944) does not 

give detaiIs as to the fate of the coelomic sacs through later 

ontogeny. In fact, Percival ( 1 944) also suggested that artic

ulates and inarticulates do not belong to the same phylum. 

However, this proposal was based on the erroneous identi

fication of a pair of 'ventraI ' muscles in the dorsal larval 

shell of T. inconspicua. Later, Percival ( 1 953) withdrew his 

earlier suggestion. 

Percival ' s  ( 1 944) type of well developed division of coe

lom could not be observed by Conklin ( 1 902) in the ontag

eny of Terebratulina septentrionalis, and Franzen ( 1 969) 

found that no coelom is developed in the pedicle lo be of 

free-swimming larva of Terebratulina retusa. The mode of 

coelom formation in the latter species is unlike any other 

described from the articulate brachiopods, and appears to 

be more related to the schizocoelic type ,  as found in Ling

ula (Franzen 1969, p. 1 7 1 ) .  Moreover, recent studies on the 

ontogeny of Terebratalia transversa (Stricker & Reed 1 985a, 

1 985c, 1985d) did not prove the presence of a separate 

coelom in the pedicle lobe, and the mode of coelom for

mation in this species apparently cannot be equated with 

the ordinary enterocoely and schizocoely shown by other 

brachiopods (Stricker & Reed 1985a, p .  244) . It is evident 

that further detailed ontogenetic studies are needed in 

order to clariry the nature of coelom formation in Recent 

brachiopods. 

The best case for a monophyletic origin of the phylum 

was argued by Rowell ( 1 98 1 a, 1 981b ,  1 982) . As he noted 

(Rowell I982, p .  305) the detailed structure of the brachio

pod lophophore presents the most formidable arguments 

against polyphyly. It is difficult to argue that the structural 
and functional integrity of this distinctive organ arose con

vergently severaI times. Moreover, as sugge sted by Valen
tine ( 1 98 1 ;  Valentine & Erwin 1 987) the solution to suspen
sion feeding life habit (or body plan) exhibited by 

brachiopods appears to require the prescence of a ' rigid' 
filtering chamber. The brachiopod lophophore is stiff and 

cartilaginous with a long ciliated food groove and a feeding 

stream that passes between the tentacles, un like the lopho

phore of ectoprocts and phoronids which has a hydraulic 

skeleton and a feeding stream directed toward the mouth 

( see earlier references in Valentine 198 1 ;  Valentine & 

Erwin 1 987; also Gilmour 1 978, 198 1 ) .  The brachiopod 

type of feeding mechanism cannot function without a bi

valved shell, where there are separate inhalant and exhal

ant chambers (Valentine 198 1 ,  p. 1 99) . The development 

of this type of suspension feeding represents another po

tential synapomorphy for a monophyletic phylum. A hypo

thetical 'protatypic brachiopod' (or proto-brachiopod) 

like that of Williams & Hurst ( 1 977, p .  88) could then be 

the oldest common ancestor with the following characters: 
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( 1 )  a 'brachiopod type' of suspension feeding (in the sense 

of Valentine 1 98 1 ) , (2) a ' rigid' but unmineralized shell, 

and (3) hydraulic opening mechanism (for other inferred 

characters of the prota-brachiopod, see Williams & Hurst 

1977, Fig. 8) . 

However, it is important to note that the anatomy and 

morphology of the 'prota-brachiopod' must not necessar

ily be modelled after the Recent lingulids, as has be en the 

usual practise (e .g .  Williams & Hurst 1 977, Fig. 8) ; the 

recurved gut and other peculiarities of the living lingulids 

might as well have evolved secondarily, and there is no 

need to assurne that the U-shaped gut originated before 

the true 'proto-brachiopod' as suggested by Goryanskij & 

Popov ( 1 985, 1986) . The anatomy of the Recent craniids 

(with a posterior anus) might actually represent a retained 

primitive character for the phylum (e .g . ,  Helmcke 1 939, 

Fig. 155; Hyman 1 959) . 

Although closely similar, the lophophores of Recen t in

articulates and articulates are not identical; Gilmour's  

( 1 978, 1 98 1 )  work on the articulate Laqueus californianus 

and the inarticulate Glottidia pyramidata indicated some 

previously unknown differences between these two species 

in the ultrastructure of the tentacles and the solution to 

waste-rejection . 

Basically the two opposing viewpoints, the monophyletic 

or polyphyletic derivation of the brachiopods, try to ex

plain and emphasize the relative importance of similarities 

interpreted as representing synapomorphies and sym

plesiomorphies (or convergences) . As is suggested from 

the above discussion, evidence presented so far is inconclu

sive , and much further work would be required to negate 

the traditional concept of a monophyletic brachiopod phy

lum. 

The classification and inferred evolution of gro ups 

within the Brachiopoda are open to widely different opin

ions. In the classification of Williams & Rowell ( 1 965c) the 

phylum is divided into two main cIasses, the Inarticulata 

and the Articulata. Although there is relatively little confu

sion about what constitutes an articulate brachiopod, it can 
very well be argued that the Inarticulata is a very heteroge
neous grouping (see,  e .g . ,  Wright 1979) . The proposal by 

Goryanskij & Popov ( 1 985, 1986) to group the phosphatic 

inarticulates in a separate higher taxon ( i .e .  a Class) is 

acceptable also within a monophyletic phylum. It can very 

well be argued that changes in skeIetal chemistry are un

likely to have taken place convergently severaI times within 

the phylum (six times, according to Williams 1984, p. 744) . 

It is possible that the acquisition of a skeleton (whether 

phosphatic or calcareous) from an unmineralized 'proto

brachiopod ' ancestor, once it had occurred, did not in

volve any subsequent changes in skeIetal chemistry. How

ever, in the case of the aragonitic trimerellids (Jaanusson 

1 966) , a change in skeIetal mineralogy may have been 

involved.  

New information on the detailed morphology of the 

poorly known trimerellids and obolellids, such as a possible 

articulate type of opening mechanism as presented by 

Goryanskij & Popov ( 1 985, 1 986) , clearly indicates that the 

systematic position of the non-phosphatic inarticulates 

must be reevaluated.  
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Evolution of the Class Lingulata 
Goryanskij & Popov 

Traditionally, the phosphatic inarticulates have been 

placed within three separate orders, the Lingulida, Acro

tretida, and Paterinida. As suggested by Goryanskij & 

Popov ( 1 985, 1986; see also above) , these orders are now 

restricted to forms which have a phosphatic shell. Together 

these three gro ups are considered to constitute a separate 

Class, the Lingulata. 

Apart from such poorly known and aberrant lingulacean 

families as the Paterulidae and Andobolidae, the Order 

Lingulida (in the sense of Goryanskij & Popov 1 985, 1 986) 

appears to represent a natural grouping of closely related 

forms. The text-book examples of evolutionary stability 

within this group, which ranges from the Cam brian to the 

Recent, are well known, although many of the com mon 

records of Palaeozoic Lingula must be strongly questioned 

and should be re-examined. 

Although the morphology of the lingulaceans may have 

remained comparatively unchanged through time, there 

appear to be some differences in shell structure between 

early Palaeozoic and Recent forms. The shell of the type 

species, Lingula anatina, is poorly mineralized; it lacks a 

well defined primary layer, and has alternating apatitic and 

organic layers only in the median portion of the valves. The 

remainder of the shell consists exclusively of organic sub

stance (e .g . ,  Iwata 1981a, b) . In contrast, most Palaeozoic 

lingulaceans appear to have an outer apatitic primary layer, 

and alternating mineralized and organic layers throughout 

the valves. Moreover, the shell structure in the Ordovician 

and Silurian lingulaceans examined for the present study 

is unlike that of Recent Lingula ( Iwata 1981a, b) , but agrees 

more closely with that of Recent Glottidia ( Iwata 1982) . 

The Order Acrotretida as defined by Rowell ( 1 965, p.  

H274) is heterogenous and probably does not represent a 

monophyletic clade; the superfamilies Acrotretacea, Disci

nacea, and Siphonotretacea have a ventrai valve with a 

pedicle foramen and holoperipheral growth in common, 

but show fundamental differences in ontogeny and shell 

structure . 

The only surviving phosphatic Acrotretida (in the sense 

of Rowell 1 965) are members of the Discinacea. Contrast

ing views as to the systematic position of the discinaceans 
were summarized very briefly by Holmer ( 1 987b) . As noted 
by Helmcke ( 1 939) and Williams & Rowell ( 1 965b, p. 

H 1 67) , the anatomy and ontogeny of the Recent disci

naceans agree closely with the Recent lingulaceans ( see, 
e .g. ,  Helmcke 1 939 and Hyrnan 1 959, for details) .  There is 

also a gre at deal of resemblance in shell structure between 

Recent discinaceans and lingulaceans (Iwata 1982) 

By contrast, the musculature of Palaeozoic acrotreta

ceans such as Linnarssonella is quite unlike the musculature 

of Palaeozoic lingulaceans such as LinguleIla (Williams & 

Rowell 1 965b, p. H 1 67) . Moreover, the difference in shell 

structure and ontogeny between the Palaeozoic represen-
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tatives of these two groups examined so far is fundamental . 

According to Williams & Rowell ( 1965b) , the similarities in 

anatomy between Recent lingulaceans and discinaceans 

are due to convergence. 

It is proposed herein that the Discinacea, the Si phono

tretacea, and the Acrotretacea were derived convergently 

from the Lingulacea; it is most unlikely that the two former 

superfamilies originated from an acrotretacean stock as 

suggested by Williams & Rowell ( 1 965b) , for the following 

reasons: 

( l) A pedicle foramen is also present in members of the 

recently described lingulacean family Lingulellotretidae 

Koneva & Popov, 1983, where it develops late in ontogeny; 

I sugge st that the evolution ofan 'acrotretid' type ofventral 

valve - with a pedicle foramen and holoperipheral growth 

- from a lingulacean stock could have been accomplished 

comparatively easily, and could have taken place conver

gently three times within the Acrotretida ( sensu lato) . 

(2 )  The acrotretacean larval shell is small and distinctly 

pitted. As suggested by Rowell ( 1 986) , this type of ontogeny 

can be considered to represent a derived character for the 

acrotretaceans (including the families Eoconulidae , Acro

thelidae and Botsfordiidae ) .  The smooth and compara

tively large larval shell of the discinaceans can be regarded 

as a primitive character, shared with the lingulaceans. The 

smooth larval shell of the siphonotretaceans is probably 

closer to the lingulacean-discinacean type than to the 

acrotretacean type.  

(3)  The acrotretacean type of shell structure can be re

gard ed as representing a further derived character for this 

Superfamily, whereas the discinacean shell structure agrees 

with that of the lingulaceans, representing a syrnplesiomor

phy for these groups. The acrothelids also appear to have 

retained the primitive lingulacean type of shell structure . 

The shell structure of the siphonotretaceans is not well 

known, but appears to be more closely related to the lingu

lacean-discinacean than to the acrotretacean type (Popov 

& N61vak 1 986) . 

Consequently, the Order Acrotretida is here restricted to 

the families Acrotretidae , Eoconulidae , Acrothelidae , and 

Botsfordiidae . The superfamilies Siphonotretacea and Dis
cinacea are considered to belong to two separate orders, 
the Siphonotretida and Discinida. Each one of these three 

orders probably originated separately from a lingulid stock. 

Thus, the following classification of the inarticulate 

brachiopods with a phosphatic shell seems to reflect best 
our present knowledge of relationships. 

Class Lingulata Goryanskij & Popov, 1 985 

Order Lingulida Waagen,  1 885 

Order Acrotretida Kuhn, 1 949 

Order Discinida Kuhn,  1 949 

Order Siphonotretida Kuhn ,  1 949 

?Order Paterinida Rowell, 1 965 
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Systematie palaeontology 

Most of the figured material below comes from the Fjåcka 

and Kårgårde sections (Fig. 5) and from Gullhogen quarry 

(Fig. 2 ) . 

Additional comparative unfigured material was exam

ined from the Viru sequence of severai Cambrian-Silurian 

districts of Sweden. From the island of Oland, material was 

isolated from the following formations (for the detailed 

location of the localities ,  see Jaanusson 1 960) : ( 1 )  Lower
most Segerstad Limestone (quarry 300 m NW of the railway 

station at Skårlov, coll. V. Jaanusson 1 958) ; ( 2) Furudal 

Limestone (shore at Gråsgårds Hamn, coll. V. Jaanusson 

1 952) ; (3 )  Kalla Limestone (quarry at Kalla, coll. V. Jaanus

son 1 949) . 

A single erratic boulder of the Dalby Limestone (coll . S .  

Hagenfelt) , derived from the submarine South-Bothnian 

Cambrian-Ordovician district, was available for examina

tion, found on the small island of Alskåret about 36 km NE 

of the town of Norrtålje ,  Norrpada Archipelago, County of 

Stockholm. Through the courtesy of Anita Lofgren 

(Lund) , the inarticulate brachiopods from insoluble resi

dues of the lower Viru sequence of Jåmtland were also 

studied, incJuding the upper Holen (sample J70-1 61 ) ,  Se

gerstad (samples J70-165 ,  1 66) , and Skårlov ( sample J70-

1 67) limestones of the Gammalbodberget section and the 

upper Holen ( sample J69-28) and Segerstad (samples J69-

35, 37, 38, 40-43) limestones of the Gusta section (for the 

location of the localities, see LOfgren 1 978) . 

For comparative purposes, some specimens are figured 

also from the following additional regions: ( 1 )  U.S.S .R. ,  

Estonia, Kohtla (coll .  G. Troedsson) , Viivikonna Forma

tion, Kivioli Member, Kukrusean Stage (Pygodus ansennus 

Biozone) ;  (2 )  U.S.A. , Alabama, Pratt Ferry (sample 68B9-1 , 

coll. S. M. Bergstrom) Pratt Ferry be ds ( top part of P. 
ansennus Biozone , Bergstrom 1 971 ) ;  (3 )  U .S .S.R., Kazakh

stan, Karakan ( Locality 2033, coll. L. E. Popov) , LIanvim,  

Karakan Formation (Nazarov & Popov 1 980) ; (4) U.S .S.R. , 

Russia, Pskov district, Pechory co re (483.35 m) , Kundan 
Stage. 

All measurements are in millimetres unless stated other
wise, and with specimens oriented in the conventional 

manner, defined as follows: W = maximum width, L = 

maximum length, H = maximum height of ventral valve, T 

= maximum thickness of complete biconvex shell, Wl = 

maximum width of pseudointerarea (or internal areas) , LI 

= maximum length of pseudointerarea (or internal areas) , 
WP = maximum width of pedicJe groove (or foramen ) ,  LP 

= maximum length of pedicJe groove (or foramen) , WM = 

maximum combined width of dorsal cardinal muscJe scars, 

LM = maximum length of dorsal cardinal muscJe scar 

(measured from the midsagittal posterior margin , unless 

stated otherwise) ,  BS = point of origin of median septurn 

(measured from the midsagittal posterior margin) ,  LS = 

length of median septurn (measured from the sagittal pos

terior margin) ,  HS = maximum height of dorsal median 

septurn, WL = maximum width of larval shell, LL = maxi-
- - -

mum length of larval shell. The mean (W, L, H etc. ) ,  

observed range (OR) , standard deviation ( Sn-l) and num

ber (N) of measurements are given.  
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Figured specimens are deposited in the Department of 

Palaeozoology, Swedish Museum of Naturai History (ah

breviated RM) , Stockholm, unless stated otherwise. Only 

figured specimens are given individual numbers. The orig

inal material is mounted on slides with numbers 

(RM) BrI 28492-1 291 00, 1 32371-1 33500, 1 33587-1 33642 . 

Class Lingulata Goryanskij & Popov, 1 985 
Order Lingulida Waagen ,  1 885 

Superfamily Lingulacea Menke , 1 828 

Diagnosis. - See Rowell ( 1 965, p .  H262 ) . 

Discussion. - Many lingulaceans are relatively large as com

pared with most other phosphatic inarticulates; well pre

served specimens are rare, but even when the shell is 

complete the valves are commonly fractured and disinte

grate during the etching process. Selective collecting in the 

field of macroscopic material has not produced any recog

nizable specimens; examination of museum coUections did 

not yield additional material . For this reason, the use of 

open nomencJature is commonly unavoidable . The Family 

Paterulidae, although represented by fairly abundant and 

weU preserved material ( some 700 specimens) , have be en 

excJuded from detailed study, because this taxonomicaUy 

complicated gro up requires special investigation. How

ever, the stratigraphical distribution of the paterulids is 

recorded. 

Family Obolidae King, 1 846 

Diagnosis. - See RoweU ( 1 965, p .  H263) . 

Discussion. - As noted by Havlicek ( 1 982, p. 1 3 ) , assigning 

species of the general obolid and lingulid morphotype into 

the subfamilies Obolinae, Lingulellinae or Glossellinae 

presents difficulties. According to him, the obo lines have 

cJearly raised pseudointerareas, whereas in the lingulel

lines pseudointerareas, or so called internal are as, are less 

raised. However, the distinction between these two suh
families is still not always cJear. 

Fig. 48. DA-D. Rosobolus? sp. nov. a; Gullhogen Formation ( sample 
GB84-1-1 ) .  DA. Exterior of a dorsal valve; Brl 3260 1 ,  x29. DB .  
Interior of  a dorsal valve; Brl 32600, x37. DC .  Ventrai interior; 
Br1 32603, x44. OD. Side view of the interior of C; x67. D E-J. 
Expellobolus? sp. nov. a; Skårlov Limestone (sample DLK83-så-l ) .  
DE.  Dorsal exterior; Brl 28992, x22. OF.  Interior of a dorsal valve; 
Br1 28993, x22. O G. Side view of the interior of F; x24. OH.  Detail 
of G, showing the pitted interior and the shallow 'pores ' ;  x24S. DI .  
Exterior of  a ventral valve; Brl 28990, x32. DJ. Interior of  a ventral 
valve; Brl 2899 1 ,  x27. DK-O. Lingulellinae gen. et sp. D K  Dorsal 
interior, showing a polygonal mosaics of pits; Gullhogen Forma
tion (sample GB84-1-3) ; Br1 3261 1 ,  x31 .  DL. Exterior of ajuvenile 
ventraI valve; Gullhogen Formation (sample GB84-2- 13 ) ; 
Brl 32714, xlOS .  DM.  Interior of a juvenile ventraI valve; 
Gullhogen Formation (sample GB84-2-2) ;  Brl 32663, x84. ON. 
Ventrai interior; Gullhogen Formation (sample GB84-1-1 ) ;  
Brl 32604, x23. DO.  Detail of N, showing the pitted interior; xl03 .  
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Subfamily Obolinae King, 1 846 ( sensu 
Havlicek 1 982, p .  1 5 ) 

Genus Rosobolus Havlicek, 1982 

Type species. - Original designation; Rosobolus robertinus Hav

licek, 1 982, p. 19 ,  from the Tremadoc Trenice Formation, 

Holoubkov quarry, Prague basin, Bohemia. 

Diagnosis. - See Havlicek ( 1 982, p .  18 ) . 

Species assigned. - Rosobolus robertinus Havlicek, 1 982. 

Rosobolus? Sp. nov. a 
Figs. 1 6B-D, 48A-D 

Material. - Figured; Brl 32600, Br1 3260 1 ,  Brl 32603, 

Br1 32594c ( section) .  Total of 9 fragmentary dorsal valves 

and 1 0  fragmentary ventrai valves. 

Description. - No complete valves are known to give an 

indication of the outline .  Both valves have shelf-like anacl

ine pseudointerareas (Fig. 1 6B) . The ventrai valve has a 

deep, subtriangular pedicle groove . There is a ventrai um

bonal muscle scar (Fig. 48C-D) . The dorsal pseudointer

area lacks a median groove (Fig. 48B) . The valves are 

ornamented with weakly developed fila (Fig. 48A) . The 

shell structure is described above (p. 33, Fig. 1 6B-D ) .  

Discussion. - This species is assigned tentatively to Rosobolus, 

mainly because of similarities in the deve!opment of the 

pseudointerareas. In the type species R robertinus Havlicek 

( 1 982, Pl .  3 : 1-9) these features are anacline and shelf-like , 

and the pedicle groove is well developed. Hyperobolus feist

manteli (Barrande) (Havlicek 1 982, Pl. 1 : 1-8) also has shelf

like pseudointerareas, but these are orthocline .  Moreover, 
H. feistmanteli is severai times larger than Rosobolus? sp. nov. 

a, and has lamellose ornamentation. Because of the frag

mentary state of the available material, no close com pari

son is possible.  

Occurrence - Rosobolus? sp. nov. a is known only from Viister
gotland, where it is restricted to the Gullhogen Formation 
(Fig. 8B) . 

Subfamily Lingulellinae Schuchert, 1 893 
( sensu Havlicek 1 982 ,  p .  25 ) . 

Genus Expellobolus Havlicek, 1982 

Type species. - Original designation; Lingula expulsa Bar

rande, 1 879, Pl. 1 10, Fig. 9 : 1-4, from the Tremadoc Tren

ice Formation, Krusna Hora, Prague basin, Bohemia. 

Diagnosis. - See Havlicek ( 1 982, p .  25) . 

Species assigned. - Expellobolus expulsus (Barrande, 1 879) . 

Expellobolus? Sp. nov. a 
Fig. 48E-J 

Material. - Figured; Brl 28990, Br1 2899 1 Brl 28992, 

Brl 28993. Total of 5 fragmentary dorsal valves and 8 frag

mentary ventrai valves. 
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Description. - No complete outline is preserved of either 

valve, but it appears to have been broadly subquadrate . 

Both valves have internal areas, which are not raised above 

the inner surface of the valve. The ventrai internal area has 

a shallow triangular pedicle groove , up to 0.4 mm wide 

(Fig. 48J) . The dorsal internal area lacks a median gro ove 

(Fig. 48F-G) . The inner surface of both valves is distinctly 

pitted with a polygonal mosaics of pits, defined by elevated 

ridges (Fig. 48H) ; in addition there are numerous 'pores' , 

about 60 �m across, that do not penetrate the entire thick

ness of the valve (Fig. 48H) . The valves are ornamented 

with faint radial capilIae (Fig. 48E, I ) . 

Discussion. - Expellobolus? sp. nov. a is similar to the type 

species, E. expulsus (Barrande ) (Havlicek 1 982, Pl .  4 :2-8) . 

The internal are as of both lack a dorsal median groove , 

whereas they have a shallow ventrai pedicle groove . The 

interior 'pores' in the Swedish specimens appear to be 

similar to those present in the unnarned glosselline (cf. Fig. 

531) . This is only the second record of Expellobolus. 

Occurrence. - Expellobolus? sp. nov. a is restricted to the 

Skiirlov Limestone of Dalarna (Fig. 9A) . 

Genus Lingulella Salter, 1 866 

Type species. - Subsequent designation by Dall, 1 870, p .  1 59 ;  

Lingula davisii M'Coy, 1 85 1 ,  from the Upper Cambrian 

Ffestiniog Flags Formation, Gwynedd, Wales, U.K. 

Diagnosis. - The broad diagnosis of LinguleIla by Krause & 

Rowell ( 1 975, p. 1 4) is followed here. 

Lingulella? alata Sp. nov. 
Fig. 49A-H, ?I 

Name. - Latin alatus, winged; aliuding to the strongly re

curved dorsal propareas. 

Holotype. - Brl 32863, fragmentary dorsal valve, Fig. 49D-E, 

from the Ryd Limestone,  Gullhogen quarry ( sample GB84-
3-5 1 ) ,  Viistergotland.  

Paratypes. - Figured; Brl 32865, Brl 32862, Brl 32864, 

Brl 32839, ?Brl 28999. Total of l 6  fragmentary dorsal valves 
and 7 fragmentary ventrai valves. 

Diagnosis. - Valves with wide posterior margin. Dorsal inter

nal area relative!y narrow and short, not raised above inner 

surface .  Dorsal propareas 'wing-like ' ,  of extremely variable 

inclination,  from slightly hypercline to apsacline .  Orna

mentation with rugae, up to 1 4  per mm. 

Description. - The complete outline is not known from 

either valve, but it appears to have been broadly oval . The 

ventrai internal area has a well developed triangular pedi

cle gro ove , up to 0.40 mm wide (Fig. 49H ) . The dorsal 

internal area has a subtriangular median groove (Fig. 49D

F) ; the propareas are 'wing-like ' ,  and recurved almost 1 80· 

(Fig. 49B, E) . The larval shell is comparatively sharply 

delineated and smooth, about 0 .80 mm wide and 0.50 mm 

long. The valves are ornamented with regularly spaced, 

discontinuous rugae, up to about 14 per mm (Fig. 49G, I ) . 



FOSSILS AND STRATA 26 ( 1 989) Ordovician inarticulate lrrachiopods from Sweden 73 

Fig. 49. DA-I . LinguleIla? alata sp. nov. DA. Exterior ofa dorsal valve; Ryd Limestone (sample GB84-3-51 ) ;  Br1 32865, x72. D B. Dorsal exterior; 
Ryd Limestone (sample GB84-3-5 1 ) ;  Brl 32862, x55 . De. Side view of B; x64. OD. Holotype;  interior of a dorsal valve; Ryd Limestone (sample 
GB84-3-51 ) ;  Br 1 32863, x55. O E. Side view of the internal area ofD;  x 1 46. OF. Dorsal interior; Ryd Limestone ( sample GB84-3-5 1 ) ;  Br 1 32864, 
x44. OG. Exterior of a ventral valve; Ryd Limestone (sample GB84-2-39) ; Brl 32839, x29. OH. Interior of G; x34. Ol.  LinguleIla? alata? sp. 
nov. ; ventraI exterior; Skiirlov Limestone (sample DLK83-sii-6) ;  Brl 28999, x34. OJ-L. Lingulellinae gen. et. sp. ;  Dalby Limestone (sample 
DLK83-dal-19) . O]. Side view of the interior of a dorsal valve; Brl 3296 1 ,  x76. OK VentraI interior; Br1 32959, x90. O L. Side view of K; x76. 

Discussion. - Lingulella? alata is referred tentative ly to Lingu

lella in preference to the erection of a new genus. It differs 

from most other species referred to Lingulella ( sensu lata) 

in having a bro ad and rounded posterior margin, and 

rugose ornamentation . 

Occurrence. - In Viistergotland this speeies occurs in the Ryd 

Limestone (Fig. 8C) . In Dalarna it is known from the 

Furudal Limestone,  and there are questionable records 

from the Kårgiirde and Skiirlov limestones (Fig. 9A-B) .  On 

southern Oland it is questionably present in the Furudal 

Limestone. 

Genus Spinilingula Cooper, 1 956 

Type species. - Original designation; Spinilingula intralamel

lata Cooper, 1956, p. 2 1 0, from the Middle Ordovician 

(Pygodus anserinus Biozone) Pratt Ferry beds, Pratt Ferry, 

Alabama, U .S.A. 

Diagnosis. - See Cooper ( 1 956, p .  2 10 ) . 
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Species assigned. - Spinilingula intralamellata Cooper, 1956; S. 

bracteata Krause & Rowell, 1 975; S. radiolamellosa sp. nov. 

Discussion. - The three known species assigned to this genus 

range from the Lower to Middle Ordovician .  The oldest of 

these, S. bracteata, was described by Krause & Rowell ( 1 975) 

from the lower Whiterock of Nevada; this American species 

was also recorded later from the Lower and Middle Ordovi

cian Kogashi and Karakan stages of Kazakhstan (Nazarov & 

Popov 1 980) . Savazzi ( 1 986) suggested that the distinctive 

ornamentation of Spinilingula, with spinous lamellae ar

ranged in roughly radial terraces, could be analogous with 

the divaricate surface ornamentation of burrowing bivalve 

molluscs .  This possibly indicates a similar mode of life for 

these brachiopods. 

Spinilingula radiolamellosa Sp. nov. 
Fig. 50A-F 

Name. - Latin radius, ray and lamella, lamina; alluding to the 

ornamentation. 

Holotype. - Brl 29050, slightly damaged dorsal valve, Fig. 

50A-C, (W 2 .25 ,  L 2 .70) , from the Furudal Limestone, 

Kårgarde section ( sample DLK83-fur-6) , Dalarna. 

Paratypes. - Figured;  Br1 2905 1 (darnaged) , Brl 29052 (W 

0.93, L l .07) . Total of 7 dorsal valves and 9 ventrai valves .  

Diagnosis. - Elongated, oval Spinilingula with ventraI umbo

nal muscle scar divided by anteriorly directed extension of 

internal area. Dorsal internal area with well developed 

median groove . 

Description. - The valves have an elongated, oval outline 

(Fig. 50A, D) . The ventrai internal area is on average 47% 
- -

as long as wide (Wl l .05, LI 0 .49; N=3) , with a well devel-

oped pedicle groove that is about as long as wide, up to 

0 .48 mm wide and 0 .46 mm long (WP 0.38, LP 0.37; N=3;  

Fig. 50E) . The ventraI umbonal muscle scar is divided by an 

anteriorly directed triangular extension of the internal 

area (Fig. 50E) . The dorsal valve is 81 % as wide as long (W 
1 . 27, L 1 .57; N=3) with an internal area that is compara

tively short and narrow, 30% as long as wide (Wl 0.40, LI 

0 . 1 2 ;  N=2) . The propareas are minute and anacline ; the 

median groove is well developed and deep (Fig. 50B) . The 
dorsal interior has distinct and biiaterally arranged mark
ings that may correspond to the umbonal, central, and 

anterior lateral muscle scars (Fig. 50C, F) . The larval shell 

is distinct and nearly circular (WL 0.37,  LL 0.37) . The 

postlarval ornamentation consists of concentric lamellose 

growth lines, each bearing short, flattened marginal spines, 

which are arranged in divaricate terrace lines (on average 

1 0  per mm) beginning approximately 0 .90 mm from the 

posterior margin (Fig. 50A, D) . The early ontogeny of S. 

radiolamellosa is discussed briefly above (p .  56, Fig. 46) . 

Discussion. - The type species, Spinilingula intralamellata 

Cooper ( 1 956, PIs. 2A: 1-5,  1 1]:25-32) ,  differs from S. radio

lamellosa in having ( l )  a proportionally narrower ventraI 

internal area (WP/LP ratio 65-68 % ;  PI. 1 1] :29-30) , (2 )  a 

long, deep and narrow ventraI pedicle groove , and (3)  an 

undivided dorsal internal area. Moreover, the type species 
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lacks a triangular extension of the ventraI internal area. S. 

bracteata Krause & Rowell ( 1 975, PI. 2 :5-12 ,  1 2 :4) is similar 

to the Swedish species in having ( l )  a ventraI internal area, 

about half as long as wide, (2 )  the dorsal valve on ave rage 

82% as wide as long (Krause & Rowell 1 975, Table 9) , and 

(3 )  a distinct median gro ove in the dorsal internal area 

(LI/Wl ratio on average 31 % ,  Table 9) . S. bracteata differs 

from S. radiolamellosa mainly in the lack of a triangular 

extension of the ventrai internal area, but also in having 

relatively sharper and more pointed spines, forming a less 

regular pattern of divaricate terraces. Krause & Rowell 
( 1 975, p. 2 1 )  noted the presence of some bilaterally sym

metrical markings in the ventraI valve of S. bracteata. How

ever, these are not discernable on their published figures. 

The markings deseribed from S. radiolamellosa are present 

in severaI valves representing different growth stages (Fig. 

50C, F) ; it is most probable that they represent sites of 

muscle attaehment. 

Occurrence. - In Dalarna S. radiolamellosa appears question
ably in the Seby Limestone ,  and ranges through the Folkes

lunda and Furudal limestones (Fig. 9A-B) . On åland the 

spe eies is found also in the Furudal and Kalla limestones; 

in Vastergotland there is a questionable record from the 

Gullhogen Formation (Fig. 8B) . 

Genus Paldiskites Havlicek, 1 982 

Type species. - Original designation; Lingula sulcata Bar

rande, 1 879, PI . 1 06:3 ,  Fig. 1-3, from the Lower Ordovieian 

(Arenig) Klabava Formation, Rokycany, Prague basin, Bo

hemia. 

Diagnosis. - See Havlicek ( 1 982, p .  34) . 

Species assigned. - See Havlicek ( 1 982, p. 34) . 

Paldiskites? Sp . nov. a 
Fig. 50G-L 

Material. - Figured; Br1 32388 (W l .80, L l .90) , Br1 32377 
(W 0.87,  L 1 . 1 8 ) , Brl 32378 (W 1 .05, L 1 .30) , Brl 32380 (W 

0.59, L 0 .71 ) ,  Br1 32379 (W 0.95) . Total of 7 dorsal and 3 

ventraI valves. 

Description. - The valves have an elongated, oval outline. 

The ventrai internal area is low, on ave rage 45 % as long as 

Fig. 50. DA-F. Spinilingula radiolamellosa sp. nov. ; Furudal Lime
stone (sample DLK83-fur-6) . DA. Holotype ;  exterior of a dorsal 
valve; Brl 29050, x24. DB .  The pseudointerarea of A; x80. De. 

Stereo-pair; the interior of A; x22 .  O D .  Ven tral exterior; Br 1 2905 1 ,  
x45. D E .  Interior of D; x45. O F .  Interior o f  ajuvenile dorsal valve; 
Brl 29052, x60. O G-L. Paldiskites? sp. nov. a. O G. Dorsal exterior; 
Furudal Limestone (sample DLK83-fur-l l ) ;  Brl 32388, x29. O H .  
Side view o f  G ;  x23. DI .  Side view o f  a dorsal pseudointerarea; 
Furudal Limestone (sample DLK83-fur-9) ; Brl 32380, x l lO .  O]. 
Dorsal exterior; Furudal Limestone (sample DLK83-fur-9) ;  
Brl 32378, x47. D K. Exterior of a ventraI valve; Furudal Limestone 
(sample DLK83-fur-9) ;  Brl 32377, x53 .  D L. VentraI interior; 
Furudal Limestone (sample DLK83-fur-9) ;  Br 1 32379, x53. 
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wide (WI 0 .5 1 ,  LI 0.23; N=2) ;  the pedicle groove is up to 

0 . 1 6  mm wide and 0 .20 mm long (Fig. 50L) . The dorsal 

valve is 81 % as wide as long (W 0.82, L 1 .0 1 ;  N=2; Fig. 50J) . 

The low internal area is crescent-shaped, up to 0.59 mm 

wide and 0 .20 mm long, with a poorly defined median 

groove and a pair of propareas (Fig. 501 ) . The maximum 

midsagittal length of the internal area is about 0 . 10  mm. 

The valves are weakly ornamented with growth lines; the 

dorsal valve has faint discontinuous capilla (Fig. 50G-H,J) . 

Discussion. - Similarities in the morphology of the ventrai 

internal area of the type species, P. sulcatus (Barrande; 

Havlicek 1 982, PI .  7 : 1-12 ) , allow this species to be referred 

tentatively to Paldiskites. P.? sp. nov. a is also similar to the 

type species in that it has discontinuous capilla on the 

dorsal valve. However, in P. sulcatus the ornamentation is 

stronger. P. sulcatus has a shelf-like orthocline dorsal pseu

dointerarea, whereas the Swedish species has a low dorsal 

internal area. P.? sp. nov. a also differs from P.? subditivus 

(Williams, 1974) from the lower Llanvirn of the Shelve 

district, Shropshire , as the British species has a subcircular 

outline and an orthocline dorsal pseudointerarea. P.? sp . 

nov. a is the third species assigned to the genus and the first 

from the Middle Ordovician . 

Occurrence. - Paldiskites? sp. nov. a is restricted to the Furu

dal Limestone of Dalarna (Fig. 9A-B) . 

Genus Rowellella Wright, 1 963 

Type species. - Original designation; Rowellella minuta 

Wright, 1 963, p. 233, from the Upper Ordovician (Ashgill , 

Cautleyan) Portrane Limestone, Portrane Co. ,  Ireland. 

Diagnosis. - See Wright ( 1 963, p .  233) . 

Species assigned. - Rowellella minuta Wright, 1 963; R. rugosa 

Goryanskij ,  1 969; R. margarita Krause & Rowell, 1975; R. 

lamellosa Popov, 1976; R. distincta Bednarczyk & Biernat, 

1978; R. parallela Bednarczyk, 1986; R. multilamellata Bed

narczyk, 1986; R. holenensis sp. nov. 

Discussion. - Krause & Rowell ( 1 975) summarized the then 

available information on Rowellella. Since that time four 

additional occurrences have been described and the genus 
now has a known range from the Lower Ordovician (Tre
madoc; Biernat 1973) to the Upper Ordovician (Cautleyan; 
Wright 1 963) . Popov ( in Nazarov & Popov 1 976) described 

the Middle Ordovician (Llandeilo-Caradoc) R. lamellosa 

from the Bestamak Formation of Kazakhstan . Bednarczyk 

& Biernat ( 1 978) erected R. distincta from the Lower Or

dovician (Arenig) of the Holy Cross Mountains, Poland. An 

unnamed species of Rowellella occurs in some upper Viru 

calcilutites from Vastergotland (Holmer 1 986) . More re

cently Bednarczyk ( 1986) described R. parallela and R. 

multilamellata from the lower Arenig of northern Poland. 

Rowellella is a taxonomically complicated genus. Mean

ingful definitions of new species, as well as comparison with 

previously described species are difficult; biometric analysis 

cannot be performed on the mostly fragmentary speci

mens. It is even difficult to tell the ventrai and dorsal valves 

apart. Moreover, the relative convexity and ornamentation 
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are extremely variable within species such as R. cf. lamellosa, 

described below. 

The pitted postlarval micro-ornamentation seems to be 

a general feature of Rowellella ( see also Holmer 1986) . This 

ornamentation is similar to the postlarval pits of most 

orbiculoidines. 

Rowellella cf. lamellosa Popov, 1 976 
Figs. 1 7, 5 1  

Synonymy. - Dv cf. 1 976 Rowellella lamellosa Popov, sp .  nov. -

Nazarov & Popov, p. 36, PI .  3 : 1-3. 

Material. - Figured; Br1 28995 (W 0 .67) , Br1 28996 (dam

aged) , Brl 32653 (W 0.93) , Brl 32654 (W 0 .74) , Brl 32693 

(W 1 .2 1 ) ,  Br1 32652 (W 1 .02) , Br1 32856b (section) .  Total 

of 9 1 6  mostly fragmentary valves; the exact proportions of 

dorsal and ventrai valves could not be determined. 

Diagnosis. - See Nazarov & Popov ( 1976, p .  36) . 

Description. - The valves are quite variable in outline and 

ornamentation . The larval shell of both valves is always 

damaged. The ventrai valve generally broadens anteriorly 

(Fig. 5 1 B, D, F) , and has a convex lateral profile (Fig. 5 1E ,  

G) . Compared with the ventrai valve, the dorsal i s  slightly 

more elongated, less convex, and more flattened in lateral 

view (Fig. 5 1A, C) , but the relative convexity of both valves 

appears to be very variable. The larval shell is sharply 

delineated and is smooth apart from some very faint con

centric fila (Fig. 5 1 D ) . On average the larval shell is 

0 .59 mm wide (N=5) ,  but the exact length is not known 

because the anterior portion is always broken off (Fig. 

5 1C-D, F-G) . The postlarval shell is ornamented with 

rugae, about 25 per mm, superposed on lamellae, about 7 

per mm (Figs. 5 1 C, E-G, 1 7C) ; this ornamentation starts 

abruptly at the edge of the larval shell. The lamellae and 

rugae are laterally discontinuous initially, but they become 

concentric during later growth (Fig. 5 1F) . The shell struc

ture is discussed above (p .  34, Fig. 1 7) .  

DisCussion. - The Kazakhstanian specimens of R. lamellosa 

are roughly contemporaneous with the Swedish material 

and are similar in outline and ornamentation, but their 

variability is not known . R. cf. lamellosa differs from R. 

lamellosa in ( l )  the lack of a thickening inside the ventrai 
valve , (2 )  the lack of muscle scars in the dorsal valve, and 

(3) the lack of pitted postlarval ornamentation (reported 

from topotype material of R. lamellosa supplied by L. E .  

Popov; Holmer 1986, p .  1 05) . However, the absence of 

thickenings and muscle scars is a doubtful specific charac

ter as indicated by the variability of these features in the 

Swedish material . The lack of a pitted postlarval ornamen

tation in the Swedish material could be preservational . 

Occurrence. - In the lower Viru Series of Sweden Rowellella 

cf. lamellosa is a common and widely distributed species. In 

Dalarna it ranges from the Vikarby Limestone to the Furu

dal Limestone, and there are questionable occurrences in 

the lower part of the Dalby Limestone (Fig. 9A-B) . In 

Vastergotland it is known from the Gullhogen Formation 

and questionably also from the Ryd Limestone (Fig. 8B-C) . 
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Fig. 51. Rowellella cf. lamellosa Popov, 1976. DA. Exterior of a dorsal valve; Skårlov Limestone (sample DLK83-så-2) ; Br1 28995, x57. DB. 
Exterior of a ventral valve; Skårlov Limestone (sample DLK83-så-2) ;  Br1 28996, x57. De. Side view of a dorsal valve; Gullhogen Formation 
(sample GB84-2-7) ; Br1 32653, x57. OD. Ventral exterior; note the distinet boundary between the larval and juvenile shells; Gullhogen 
Formation (sample GB84-2-7) ;  Br1 32654, x57. DE.  Side view of a ventral valve; Gullhogen Formation (sample GB84-2-9) ; Brl 32693, x57. O F. 
VentraI exterior; Gullhogen Formation (sample GB84-2-7) ; Br1 32652, x57. OG. Side view of F; x57. 

In Jiimtland it occurs in the Skiirlov Limestone ( sample 

J70-1 67) ; on southern Oland it is recorded from the 

Furudal Limestone . 

Rowellella holenensis Sp . nov. 
Figs. 41, 52 

Name. - From Holen village, dose to the type locality. 

Holotype. - Brl 32977, complete ventrai valve, Fig. 52F-G (W 

0 .74, L 1 .09) , from the Dalby Limestone, Kårgiirde section 

(sample DLK83-dal-26) , Dalarna. 

Paratypes. - Figured; Brl 32471 (W 1 .44, L 1 .88) , Br1 32457 

(W 0.52,  L 0 .72) , Br1 28724 (darnaged) , Brl 32978 (W 

0 .64) . In addition there are 69 fragmentary valves, l dorsal 

valve, l ventrai valve, and l complete shell; the proportion 

of dorsal and ventrai valves could not be determined. 

Diagnosis. - Valves of elongate suboval outline, flattened in 

lateral profile; ventrai valve only slightly larger and more 

convex than dorsal valve . Ventrai valve with short, wide, 

crescent-shaped internal area, without a pedide groove . 

Dorsal internal area short, with median groove . Postlarval 

ornamentation with concentric rugae and minute pits. 

Description. - The valves have an elongated, suboval outline, 
72% as wide as long in two specimens; in lateral profile they 

are flattened. The ventrai valve is slightly larger and more 
convex than the dorsal valve (Fig. 52B, G-H) , but the 

identification of the ventrai and dorsal valve is not always 
dear. The larval shell of both valves is very thin and most 

frequently broken off, whilst the anterior portion of both 

valves is thickened. The ventrai internal area is minute ; the 

midsagittal length is barely 0 .03 mm in one speeimen, 

occupying about 4% of the total valve length . The dorsal 

internal area is also minute, about 2 1  % as long as wide, and 

has a shallow median groove (Fig. 52E) . The interior of 

both valves is without recognizable structures. The larval 

shell is about as wide as long (diameter 0 .47-0.55;  N=2) . 

The exterior is smooth with only some faint concentric 

growth lines (Figs. 41B, 52C-D) . The postlarval shell is 

ornamented with irregularly spaeed, concentric rugae (Fig. 

52A, C, F-H) ; the surface is pitted with minute, dosely 

spaeed, circular pits, 2-3 �m across ( see also above , p. 56, 

Figs. 41 , 46, 52D) . 
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Fig. 52. Rowelklla holenensis sp. nov. DA. Dorsal view of a complete shell; Dalby Limestone (sample DLK8:H:1a1-5) ;  Brl 324 7 1 ,  x35. D B. Side 
view of A; x37. O C. Dorsal exterior; the edge of the larval shell is indicated by an arrow; the location of D is indicated; Dalby Limestone 
(sample DLK83-dal-4) ; Br 1 32457, x1 07. OD. Detail of the ornamentation of C, showing the boundary between the smooth larval shell and 
the pitted juvenile shell; x228. DE.  Side view of the interior of C, showing the dorsal pseudointerarea; x300. OF. Holotype ;  ventrai exterior; 
the edge of the larval shell is indicated; Dalby Limestone (sample DLK8:H:1al-26) ; Br1 32977, x64. O G. Side view of F; x64. OH.  Side view of 
a ventral valve; Dalby Limestone ( sample D60-2 1 1 ) ;  Brl 28724, x71 .  

Discussion. - R. holenensis i s  similar to R. lamellosa Popov, 

1976, from which it is distinguished mainly by the lack of 

lamellose ornamentation and in having a less sharply delin

eated larval shell. R. distincta Bednarczyk & Biernat, 1 978 
(p. 302, Pl . 1 7 : 1-2) , R. rugosum Goryanskij , 1 969 (p. 48, Pl. 

8 :4-7) , and the type species R. minuta Wrigh t differ from R. 

holenensis in having densely spaced lamellae . R. margarita 

Krause & Rowell, 1 975 (p .  24, Pl. 3 :8-15 )  from the lower 

Whiterock of Nevada differs in having ( l )  a ventrai internal 

area with a better developed pedicle groove , (2 )  a more 
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elongated outline, and (3)  a ' lip' along the ventrai anterior 

margin. 

Occurrenæ. - R holenensis is restricted to the uppermost 

Furudal Limestone and the Dalby Limestone of Dalarna 

(Figs. 9B-C, 10 ) . 

Lingulellinae gen .  et spp . 
Figs. 48K-O, 49J-L 

Material. - Figured; Brl 3261 1 ,  Brl 32714  (W 0.50, L 0.67) , 

Br1 32663 (W O.64, L 0.82) , Br1 32604, Brl 3296 1 ,  Brl 32959. 

Total number of specimens not determined. 

Remarks. - The fragmentary nature of fairly abundant 

lingulelline material prevents a dose taxonomic evalua

tion; more than one genus and severai species are probably 

represented. No attempt has been made to describe these 

in any detail . However, some relatively well preserved spec

imens representing two species are figured (Figs. 48K-0, 

49J-L) .  The internal surface ofboth valves of the first taxon 

has a polygonal mosaic of pits (Fig. 48K, O) , comparable 

with that described by Curry & Williams ( 1 983) . The juve

niles of this species are ornamented with dosely spaced, 

somewhat irregular ' scales' ,  about 2 �m across. This type of 

ornamentation has also been observed in Lingulella? sp . a 

(Holmer 1 986, Fig. 4G-I) . A second species has a short 

ventraI internal area with a distinct pedide groove (Fig. 

49K) . The ventrai interior has two distinct and diverging 

striae , defining a triangular area (Fig. 49K-L) . The dorsal 

valve has an undivided and slightly raised internal area 

(Fig. 49J) . 

Occurrenæ. - Fragments of lingulellines are distributed 

throughout most of the sequence studied (Figs. 8, 9 ,  1 0) . 

Subfamily Glossellinae Cooper, 1 956 

Diagnosis. - See Havlfcek ( 1 982, p.  43) . 

Genera included. - Pseudolingula Mickwitz,  1 909; in addition 

to genera listed by Rowell ( 1 965) and Havlicek ( 1 982) . 

Genus Pseudolingula Mickwitz, 1 909 

Type species. - Original designation; Crania quadrata Eich

wald, 1 829, p.  273, from the Upper Ordovician Vormsian 

Stage, Estonia, U.S .S .R. 

Diagnosis. - See Williams ( 1 974, p. 35) . 

Discussion. - The genus has generally be en induded in the 

Lingulellinae (Rowell 1 965, p. H267) . Williams ( 1 974) re

ferred Pseudolingula to the Glossellinae because of its re

duced dorsal pseudointerarea, and this placement is tenta

tively supported here (but see also Havlfcek 1982, p. 46) . 

Fragments of species of Pseudolingula are comparatively 

common throughout the Ordovician succession in Swe

den. A relative ly well preserved but as yet undescribed 

species occurs in the upper Viru Kullsberg Limestone of 

Dalarna (Holmer, unpublished) . 
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Pseudolingula Sp . 
Fig. 53A-D 

Material. - Figured; Br1 28763, Brl 32539, Brl 28762, 

Br1 32399. Total of 7 fragmentary dorsal valves and 4 frag

mentary ventraI valves. 

Description. - Complete outlines are unknown for either 

valve. The ventraI valve has a well developed pseudointer

area, with a deep, triangular pedide groove and wide pro

pareas (Fig. 53D) , whereas the dorsal pseudointerarea is 

reduced and almost catadine (Fig. 53A-B) ; there is trace 

of a low, ridge-like median septurn (Fig. 53B) . The larval 

shell of both valves is sharply delineated. The postlarval 

shell is ornamented with concentric growth lines (Fig. 

53C) . 

Discussion. - Fragments of the dorsal valve (Fig. 53A-B) 

show the reduced pseudointerarea of Pseudolingula, sup
porting the suggestion by Williams ( 1 974) that it should be 

induded in the Glossellinae . The reduced dorsal pseudo

interarea of the type species P. quadrata was figured by 

Goryanskij ( 1 969, Pl. 6 :6A) . 

Occurrenæ. - Fragments of one or severaI species of Pseudo

lingula have be en isolated from the Vikarby, Seby, Folkes

lunda, Furudal and Dalby limestones of Dalarna (Figs. 

9A-B, 10) . 

Glossellinae gen . et sp. 
Fig. 53E-I 

Material. - Figured; Brl 325 1 5, Brl 3251 4, Brl 28750a, 

Brl 28785, Brl 28753a. Total of 2 fragmentary ventrai valve 

and l fragmentary dorsal valve in addition to an undeter

mined number of numerous smaller fragments. 

Description. - The outline is unknown for either valve. The 

ventraI pseudointerarea is well developed, orthodine, and 

divided into propareas by a deep pedide gro ove (Fig. 53F) . 

The dorsal pseudointerarea is completely reduced (Fig. 

53E) . The postlarval shell is ornamented with minute papil

lae ,  arranged in roughly radial terraces. The larval shell is 

sharply delineated (Fig. 53G, H) . The interior of both 
valves has deep, circular 'pores ' that are up to 0.05 mm 
across, but they do not penetrate the entire thickness of the 
valves (Fig. 531) . 

Discussion. - Although none of the numerous fragments is  
determinable, their placement within the Glossellinae is 

likely because of the reduced dorsal pseudointerarea and 

the distinct ornamentation; the papillose ornamentation is 

well known from species of Glossella Cooper (Rowell 1 965 , 

p. H269, Fig. 1 62 :7A) . Lingulasma Ulrich also has this type 

of ornamentation (Rowell 1 965, p. H27 1 ,  Fig. 1 65 : 1C ) , but 

both valves of this genus are provided with muscular plat

forms. 

Occurrenæ. - In Dalarna numerous fragmen ts of this gl osse 1-
line appear in the uppermost Furudal Limestone and 

range into the lower Dalby Limestone (Figs. 9B, 1 0) . 
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Fig. 53. DA-D. Pseudolingula sp. DA. Dorsal exterior; Furudal Limestone (sample D60-2 19) ; Brl 28763, x85. DB.  Exterior of a fragment of the 
posterior portion of a dorsal valve, showing the larval shell and the reduced pseudointerarea; Dalby Limestone (sample DLK83-dal-14) ; 
Br1 32539, x29. D e. Ventrai exterior, showing the smooth larval shell and the boundary to the juvenile shell with growth lines; Furudal 
Limestone (sample D60-219 ) ; Brl 28762, x32. OD.  Interior of a ventral valve; Furudal Limestone (sample DLK83-fur-13) ; Brl 32399, x17 .  
D E-I. Glossellinae gen. et sp .  DE.  Dorsal interior; Dalby Limestone (sample DLK83-dal-12) ; Br1325 15 ,  x64. OF. Interior of  a ventral valve; 
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Order Acrotretida Kuhn, 1 949 ( sensu 
Kuhn, 1 949, p . 1 0 1 ) 

Suborder Acrotretidina Kuhn, 1 949 

Superfamily Acrotretacea Schuchert, 1 893 

Family Acrotretidae Schuchert, 1 893 

Subfamily Acrotretinae Schuchert, 1 893 

Genus Conotreta Walcott, 1 889 

Type species. - Original designation; Gonotreta rusti Walcott 

1 889, p .  365, from the Middle Ordovician Trenton Group 

( 'Trenton Limestone ' )  of New York State, U.S .A. 

Diagnosis. - See Cooper ( 1 956, p. 247) . 

Discussion. - Although Cooper' s  definition of the genus is 

generally accepted, it is important to emphasize that the 

type species C. rusti Walcott is poorly known . Walcott ( 1889, 

Figs. 1-3) figured only two ventrai valves, mainly preserved 

as internal moulds. The third valve figured by him (Fig. 4) 

has a strikingly different outline and convexity; it does not 

appear to belong to the same species. 

Without isolating additional material from the type local

ity, no detailed comparison with C. rusti is possible. In the 

following discussion, assignments to Gonotreta ( sensu lato) 

are tentative. The well known and well illustrated species, 

C. multisinuata Cooper, 1956, may serve as a provisional 

standard of reference until more information on the type 

species becomes available. More than thirty species have 

been assigned to the genus, embracing a very wide range of 

morphological variation. Cooper's ( 1 956) monograph on 
North American Middle Ordovician Brachiopoda alone 

lists eleven species of Gonotreta, five of which come from a 

single unit, the Pratt Ferry beds of Alabama. 

Conotreta? mica Goryanskij , 1969 
Figs. 23, 47K-L, 54, 55, 60 

Synonymy. - Dv* 1 969 Gonotreta mica Gorjansky sp. nov. -

Goryanskij ,  p. 64, Pl. 1 1 : 1-9 . D aff. 1 975 Gonotreta mica? 

Goryanskiy, 1969 - Krause & Rowell, p. 38, Pl. 4: 1 7-24. 

Holotype. - CNIGR Museum no. 1 30/9960 (VSEGEI, Lenin
grad) , complete dorsal valve, Goryanskij 1 969, Pl . 1 1 :6 (W 
1 .8 ,  L 1 .6) from the Aseri Stage, Pechory core (459 .4 m) , 

Pskov district (near village of Panikovich) , Russia, U.S .S.R. 

Material. - Figured; Br1 29003b ( section) ,  Br1 3361 1b  ( sec
tion) , ?Br1 32598 (darnaged) ,  Brl 28939 (W 1 .78, L 1 .52) , 

Br1 28941 (W 2 . 1 4, L 1 .83) , Brl 28610 (W 1 .40, L 1 . 1 6) ,  

Br1 28897 (W 1 .47, L 1 .26) , Brl 28898 (W -1 .04, L -0.86, H 

-0.68) , Br1 28944 (W -1 .22 ,  L -1 .07, H -1 .08) , Brl 28899 

(darnaged) , Brl29017  (W 1 . 7 1 ,  L 1 .57) , Brl 290 1 8  (W 1 .47, 

L 1 .36) , Br1 2901 1 (W 2.32,  L 1 .95, H 2 .32) , Brl 29019  (W 
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1 . 77, L 1 .4 1 ,  H 1 . 63) , Brl 29002 (darnaged) ,  Br1 29003a 

(darnaged) , Br1 29005 (W 0.90, L 0 .78,  H 0 .74) . Total of 

850 dorsal and 847 ventrai valves. 

Diagnosis. - Ventrai valve proeline, with robust apical pro

cess and strongly impressed, pinnate man tie canal pattern . 

Dorsal valve with elearly raised pair of cardinal musele scars 

and robust median buttress; pseudointerarea wide and 

short. Median septurn high with up to three anterior den

tieles. 

Description of the Swedish material. - The valves ave rage 88% 
as long as wide (OR 77-1 00% ;  N=25; Table 2 ) . The ventrai 
valve (W 1 .58, L 1 . 38; OR W 1 .08-2 .32,  L 0.96-1 .95; N=6) is 
highly conical, and 78% (OR 66-100%)  as high as wide (fl 
1 .29; OR H 0.78-2.32 ;  N=6) . The ventrai pseudointerarea 
is mostly proeline (Fig. 541 ) , but slightly apsaeline in some 
gerontic specimens (Fig. 55E) . The interridge is poorly 
delineated (Figs. 54H, 55F) . The pediele foramen is about 
0.03-0 .06 mm wide (Figs. 541, 55E) and continues inter
nally as a very short tube (Fig. 551 ) ; an exterior pediele tube 
is developed in some specimens (Fig. 55G) . The ventrai 
interior is dominated by a robust apical process (Figs. 54L, 
55H-I) , which sometimes occupies about 40% of the 
height of the valve . The mantle canal pattern is well devel
oped and pinnate (Figs. 54L, 55H) . A pair of raised ventrai 
cardinal musele scars are present on the posterior wall (Fig. 
55H) . The dorsal valve (W 1 .39, L 1 . 22;  N=19; Table 2)  has 
a shallow sulcus starting on the larval shell (Fig. 55A) . The 

dorsal pseudointerarea is wide and short, 1 8 %  (OR 1 3-
24% ) as long as wide (WI 0.67,  LI 0 . 1 2 ;  N=32; Table 2) ; it 

has a distinct median gro ove and anaeline propareas (Figs. 
54B, 55B) . The dorsal cardinal musele scars are rai sed and 
oval, about half as long as wide (Table 2) and occupy about 

35-40% of the total length (Figs. 54B, D, 55B) . The median 

buttress is up to 0 . 1 5  mm long. The median septurn is high 

and has up to three dentieles ( septal rods) on the anterior 

deelivity (Fig. 54G) ; the septurn occupies 79% (OR 70-

88% )  of the total length and is about 31 % as high as wide 

in one specimen (Fig. 54G) . The valves are ornamented 

with weakly developed fila, about 8-26 J.lm apart. The dor

sal larval shell is well delineated, slightly protruding (Fig. 

54E, 55C) , and generally about 0 . 22-0 .28 mm wide and 

0 . 19-0 .26 mm long. On both valves, it is distinctly pitted 

with overlapping pits of uniform size, up to 2 .5  J.lm across 
(Fig. 54F) . The shell structure is discussed above (p. 45, Fig. 
23) . 

Discussion. - The Swedish material is assigned to C.? mica 

mainly because of similarities in the dorsal valve. Both 
species have a dorsal valve with ( l )  a length/width ratio of 

80-90% (see Goryanskij 1969 , p. 64) , (2 )  a wide , weU devel

oped pseudointerarea, about 1 5-20% as long as wide, (3)  a 

robust median buttress, (4) weU developed, raised cardinal 

musele scars, about 50% as long as wide, and (5 )  a high 

Dalby Limestone (sample DLK83-d.al-12) ; Br 1 325 1 4, x85. O G. Exterior of a fragmentary valve, showing the ' terrace-lines' and the edge of 
the larval shell; Furudal Limestone (sample D60-223) ; Brl 28750a, x38. OH. Ventrai exterior, showing the boundary between the smooth 
larval shell and the papill ose juvenile shell; Dalby Limestone (sample D60-2 1 4) ; Br 1 28785, x35. DI .  Interior of a fragmentary valve, showing 
the scattered 'pores' ;  Furudal Limestone (sample D60-215 ) ; Brl 28753a, x58. 
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Fig. 54. Conotretd2 mica Goryanskij ,  1969. DA. Exterior of a dorsal valve; Kårgårde Limestone (sample DLK83-segk-5) ;  Br1 28939, x29. DB .  
Interior of  A ;  x29. De.  Dorsal exterior; Kårgårde Limestone ( sample DLK83-segk-6) ;  Br1 28941 ,  x29. OD.  Interior of e; x29. DE .  Larval valve 
of e; x82. O F. Ornamentation of a dorsal larval shell; Gullhogen Formation (sample GB84-1-3) ; Br1 28610, x2000. O G. Side view of a dorsal 
valve; Våmb Limestone (sample GB84-A2) ;  Br 1 28897, x29. O H .  Ventral exterior; Skovde be ds (sample GB84-A4) ; Brl 28898, x50. DI .  Side 
view of a ventral valve; Kårgårde Limestone (sample DLK83-segk-8) ;  Brl 28944, x29 . DJ. Exterior of I ;  x29. DK Posterior view of I; x29 . D L. 
Stereo-pair; ventral interior; Skovde be ds (sample GB84-A4) ; Brl 28899, x50. 
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Fig. 55. Canatreta? mica Goryanskij , 1969. DA. Exterior of a dorsal valve; Furudal Limestone (sample DLK83-fur-3) ;  Br1 29017 ,  x29.  DB.  
Stereo-pair; interior of  A;  x29. De.  Dorsal larval shell; Folkeslunda Limestone (sample DLK83-fo-4) ;  Br1 2901 8, x 140.  OD.  Ventral exterior; 
Seby Limestone (sample DLK83-se-S) ;  BrI 2901 1 ,  x20. DE.  Side view of D;  x20. O F. Posterior view of D; x20. OG. Ventral larval shell; 
Folkeslunda Limestone (sample DLK83-fo-4) ;  Br1 29019 ,  x140. OH. Stereo-pair; side view of a ventral interior; Skarlov Limestone (sample 
DLK83-sa-S) ;  Br1 29002, x20. DI .  Stero-pair; interior of a juvenile ventral valve; Skarlov Limestone (sample DLK83-sa-8) ;  Br1 2900S, x60. 



84 Lars E. Halmer FOSSILS AND STRATA 26 ( 1989) 

Table 2. Conolrela? mica Goryanskij, ave rage dimensions and ratios of dorsal valves. 

W L L/W WI LI 

GB81-50 
n 8 8 8 1 1  1 1  
mean 1 . 26 1 . 1 1  89% 0.55 0. 1 0  

0.365 0 .314  2.977 0 . 1 40 0 .0 1 7  
min 0.78 0.70 85% 0.34 0.08 
max 1 .86 1 .61  93% 0.74 0 . 1 2  

DLK83-sa-8 
n 5 5 5 5 5 
mean 1 .48 1 . 34 9 1 %  0.68 0. 1 2  

0.467 0.426 3.564 0 .208 0.028 
min 0.78 0.70 88% 0.39 0.08 
max 1 .95 1 . 74 97% 0.93 0. 1 6  

DLK83-se-5 
n 6 6 6 6 6 
mean 1 .48 1 . 24 83% 0.65 0. 1 0  

0.506 0 .434 3. 674 0.274 0.038 
min 0.93 0.82 77% 0 .39 0.05 
max 2 .29 1 .95 88% 1 . 1 2  0. 1 6  

median septurn occupying about 80% of valve length (see 

Goryanskij ,  Fig. 1 1 :5-6, 9) . 

In the Russian material the ventraI valve of c.? mica is 

poorly known but it appears to be somewhat less conical 

than in the Swedish specimens (42% as high as wide ac

cording to Goryanskij 1969, p. 64) . However, the ventraI 

valves in both collections have a well developed mantle 

canal pattern, a robust apical process, internal and external 

pedicle tubes, a poorly developed pseudointerarea, and a 

likewise poorly developed interridge (cf. Goryanskij 1 969, 

p. 64) . 

Some lower Whiterock material of Canatreta from Nevada 

was referred tentatively to C. mica by Krause & Rowell 

( 1 975, p. 38) . The dorsal valves of the American species are 

similar to those described here in having ( l )  a length/ 

width ratio of about 80-95 %,  (2 )  a pseudointerarea about 
1 5% as long as wide, (3) a robust median buttress, (4) car

dinal muscle scars about 50% as long as wide, and (5)  a 
high median septurn occupying about 80% of the valve 
length (Krause & Rowell 1 975, pp. 38-40, Fig. 3 1 ,  Plate 
4: 1 7-24, Table 14) . The ventrai valve of the American 

species differs from the Swedish material mainly in being 
less conical (about 54% as high as wide according to Krause 

& Rowell, Table 13 ) . The median sep turn of the Nevadan 

species has only an upper septal rod (Krause & Rowell, 

Plate 4:23-24) . 

The Swedish specimens of Canatreta? mica are quite vari

able, especially the ventrai valves (Figs. 54H-K, 55D-I) . 

Occurrence. - Canatreta? mica is common and widely distrib

uted in Baltoscandia. In Sweden and Russia it appears in 

the upper Kundan Stage and ranges into the lowermost 

Uhakuan Stage . In Viistergotland it is known from the 

up per Holen Limestone to the lower Gullhogen Formation 

(Fig. 8A-B) . In Dalarna C.? mica is not known from the 

uppermost part of the Holen Limestone , but ranges from 

the Segerstad Limestone to the lower Furudal Limestone 

LI/WI WM LM LM/WM LS BS 

1 1  5 5 5 1 1  1 1  
19% 0 .79 0 .44 56% 0.92 0.24 
3 . 142 0.990 0 .062 1 .483 0.260 0.048 

15% 0.70 0 .39 54% 0.56 0. 1 6  
24% 0.93 0.54 58% 1 .24 0 .31  

5 3 3 
18% 1 . 20 0.25 
2.950 

13% 1 . 1 5  0 .25 
20% 1 .24 0 .25 

6 6 6 
15% 0.95 0.22 
2.563 0.371 0.055 

12% 0.65 0. 1 6  
18% 1 .64 0 .23 

(Fig. 9A) . In Jiimtland it has been found in the Segerstad 

(samplesJ69-35, 38, 40-43 ;J70-165,  1 66) and Skiirlov ( sam

ple J70-1 67) limestones. On Oland the lower Segerstad 

Limestone has yielded some specimens. 

Conotreta? siljanensis Sp. nov. 
Figs. 27, 47A-B, F-H, 56--60 

Name. - After lake Siljan,  Dalarna. 

Halatype. - Brl 32374, complete dorsal valve, Fig. 56C-D (W 

l .07, L 0.95) , from the Furudal Limestone, Kårgiirde sec

tion (sample DLK83-fur-8) ,  Dalarna. 

Paratypes. - Figured; Brl 32393 (W l .38, L l .22) , Brl 28677 

(darnaged) ,  Brl 28799 (W 0.82, L 0 .65 ,  H 0 .68) , Brl 29022 
(W 1 .52 , L 1 . 19 ,  H 1 . 79) , Brl 32667 (W 1 .07, L 0.96) , 

Brl 29010  (W l .35, L l . l 9) ,  Brl29008 (W l . 26, L l . l 2 ,  H 

l .0 1 ) ,  Brl 29009 (W l .22 ,  L l .05, H 0.87) , Brl 32467 (W 
l .22,  L l .05) , Brl 28694 (darnaged) ,  Brl 32466 (W l .43, L 

l . l9 ) , Brl32445 (W l .72, L l .38, H l . 74) , Brl 32446 (W 

1 .43, L l . l 9 ,  H l .49) , Br1 329 1 2  (darnaged) , Brl 329 1 4  (W 
0.98, L 0.87) , Brl 32719b (seetion) ,  Brl 32468 (W 0.37, L 

0.37) , Brl 32797 (W 0.39, L 0.38) , Brl 32419 (W 0.46, L 

0.43) , Brl 32835 (W 0.42, L 0.38, H 0.25) , Brl 32447 (W 

0.50, L 0.43,  H 0.30) . Total of 2057 dorsal valves, 1 047 

ventrai valves and one complete shell. 

Diagnasis. - Ventrai valve procline , with long snout-shaped 

exterior pedicle tube. Apical process small; pinnate mantle 

canal pattern weakly impressed. Dorsal valve with rai sed 

pair of cardinal muscle scars and median buttress; pseudo

interarea wide and short. Median sep turn high with up to 

five anterior denticles. 

Descriptian. - The valves ave rage 89% as long as wide (OR 

77-100% ;  N=1 10 ;  Tables 3, 4) ; the ventrai valve (W 0.85,  L 
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Fig. 56. Canalrela? siljanensissp. nov. DA. Exterior of a dorsal valve; Furudal Limestone ( sample DLK83-fur-l l ) ;  Brl 32393, x40.  O B. The larval 
shell of A; x140. OC .  Holotype; dorsal interior; Furudal Limestone (sample DLK83-fur-8) ;  Br 1 32374, x40. OD.  Side view of C; x40. DE .  Side 
view of a dorsal pseudointerarea; Furudal Limestone ( sample D60-2 18 ) ; BrI 28677, x200. O F. Ventrai exterior; Furudal Limestone ( sample 
D60-2 1 S ) ;  Brl 28799, x64. OG. The larval shell of F; x1 74. OH. Side view of F; x64. DI .  Stereo-pair; ventrai interior; Furudal Limestone 
( sample DLK83-fur-6) ; Brl 29022, x40. 

0.74, H 0 .70; N=36; Table 3) 79% (N=36; Table 3) as high 

as wide . In lateral profile the outline of the posterior sur

face of the ventrai valve is flattened to flat, whereas the 

anterior surface is slightly convex (Figs. 56H, 57H, 58G) . 

The ventrai pseudointerarea is poorly delineated, catacline 

to slightly procline (Figs. 56H, 57G) . The interridge is 

poorly developed (Figs. 56F, 57H, 45F) . The exterior ped

icle tube is long and snout-shaped (Figs. 56G-H, 57G, I ,  

58G) ; it continues as a short interior tube (Fig. 58H) . The 

ventrai interior has a small apical process and a poorly 

developed pinnate mantle can al pattern (Figs. 561, 57J, 

58H) ; the posterior wall has a pair of cardinal muscle scars 
- � 

(Fig. 531) . In lateral profile the dorsal valve (W 0.94, L 0.85; 

N=74; Table 4) is flattened (Fig. 57E) or slightly convex 

(Fig. 56D) . The dorsal pseudointerarea averages 23% as 

long as wide (WI 0.39, LI 0 .09;  N=74; Table 4) , occupying 

41 % of the width of the valve . The median groove is well 

developed and the propareas are anacline or nearly catacl-
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Fig. 57. Gonotreta? siljanensis sp. nov. DA. Dorsal exterior; Gullhiigen Formation (sample GB84-2-7) ;  Br1 32667, x40. DB.  The larval shell of A; 
x1 50. De. Ornamentation of the larval shell of A; x2000. OD.  Stereo-pair; interior of a dorsal valve; Folkeslunda Limestone (sample 
DLK83-fo-5) ;  Br1 29010, x40. DE.  Side view of D; x40. O F. Ventrai exterior; Folkeslunda Limestone (sample DLK83-fo-5) ;  Brl 29008, x40. 
O G. Side view of F; x40. OH.  Posterior view of F; x40. D I. The larval shell of F; x150 .  O]. Stereo-pair; ventrai interior; Folkeslunda Limestone 
(sample DLK83-fo-5) ;  Brl 29009, x40. 
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Fig. 58. Conotreta? siijanensis sp .  nov. DA. Exterior of a dorsal valve; Dalby Limestone ( sample DLK83-dal-5) ;  Br 132467, x33 .  DB. Dorsal larval 
shell; Dalby Limestone ( sample D60-2 1 4) ; Brl 28694, x21 0. D e. Ornamentation of the larval shell of B; x1900. OD.  Stereo-pair; dorsal 
interior; Dalby Limestone ( sample DLK83-dal-5) ;  Br1 32466, x33. DE.  Exterior of a ventral valve; Dalby Limestone ( sample DLK83-dal-2) ;  
Brl 32445, x33. OF. Posterior view of E;  x33. O G. Side view of E; x33. O H. Ventrai interior, showing the pedicle tube and the apical proeess; 
Dalby Limestone ( sample DLK83-dal-2) ;  Brl 32446, x1 70. 

ine (Figs. 56E, 57D, 58D) . The median buttress is well 

developed. The cardinal muscle scars average 62% (OR 
44-79% ) as long as wide (WM 0.57, LM 0.35; N=41 ; Table 

4; Figs. 56C, 57D, 58D) . In one specimen, the median 

septum is about 30% as high as long; it occupies 77% (OR 

62-88% ;  N=62) of the total length of the valve (Figs. 56D, 

57E) , and has up to five anterior denticles ( septal rods) . 

The ornamen tation of the valves is like that of C.? mica; the 

larval shell is sharply delineated, ornamented with overlap-

ping pits of uniform size , up to 5 11m wide (Figs. 57 C, 58C) . 

The shell structure is described above (p .  45, Fig. 23) . 

Ontogeny. - The larval shell is about 0 .26 mm wide and 

0.25 mm long (Figs. 56B, 57B, 58B) ; that of the ventrai 

valve is about 0 .25 mm high (Fig. 56H) . In the brephie 

stage (W 0.26-0.56, L 0 .25-0.54) the dorsal valve (Fig. 59) 

has a narrow, undivided pseudointerarea (WI ?-0.23,  LI 

?-0.05) . The median septum originates as a minute trian-
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Fig. 59. Ontogeny of Conotreta? siljanensis sp. nov. DA. Interior of a brephic dorsal valve; Dalby Limestone ( sample DLK83-dal-5) ;  Brl 32468, 
x 1 20. DB. Side view of A; x 1 20 .  De. Interior of a brephic dorsal valve; Gullhiigen Formation (sample GB84-2-33) ; Brl 32797, x 1 20. OD. Side 
view of C; x 1 20. DE. Interior of ajuvenile dorsal valve; Furudal Limestone (sample DLK83-fur-1 6) ; Brl 32419,  x1 20. OF. Exterior of a brephic 
ventraI valve; Ryd Limestone (sample GB84-2-39) ; Brl 32835, x1 20. O G. Side view of F; x 1 20. OH. Interior of a brephic ventraI valve; Dalby 
Limestone (sample DLK83-dal-2) ; Br1 32447, x 1 20. 

Conotre ta? sll/anensfs 

Conotr.ta? mfca 

Fig. 60. Comparison between Conotreta? mica and G.? siljanensis. 
Figure prepared by Lennart Andersson (Stockholm) . 

gular plate at about the centre of the valve (Fig. 59A-B) . At 

the end of the brephic stage the median sep turn develops 

an upper septal rod (Fig. 59C-D, E) . The brephic ventraI 

valve (H 0.25-0.42) lacks all recognizable interior struc
tures (Fig. 59F-H) . In neanic shells (W 0 .56-l .01 , L 0 .54-
0.90) the dorsal pseudointerarea (WI 0.23-0.42, LI 0 .05-

0 . 10) is divided by a median groove ; the propareas are well 

developed. The median buttress and the raised cardinal 

muscle scars (WM 0.31-0.56, LM 0.23-0.33) are also devel

oped during the neanic stage . In the ventraI valve (H 
0.42-0.8 1 )  an apical process is forrned as  weU as  a pseudo

interarea. In adults (W l .01-l .46, L 0.90-l .32)  the dorsal 

valve is thickened and the median septurn (up to about 

0 .40 mm high) develops a maximum of three to five septal 

rods. A few valves exceeding l .46 mm in width are consid

ered to represent the gerontic stage . Some gerontic ventraI 

valves are slightly apsacline ( see also Fig. 46) . 

Discussion. - Conotreta? siijanensis differs from c.? mica in 

severaI distinct features (Fig. 6D) . c. ? siijanensis has ( 1 )  a 

smaller apical process, (2 )  a poorly developed mantle canal 

pattern, (3 )  a snout-like exterior pedicle tube, and 

(4) smaUer average and maximum size (W 0.94, maximum 

W l .57 in c.? siijanensis compared with W l .39, maximum 

W 2.29 in c.? mica) . As in c.? mica there is some temporaI 

change in the morphology of the species. The material of 
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Table 3. Conotretd2 siljanensis sp. nov. , average dimensions ratios of 
ventrai valves. 

GB84-2-7, 2-39 
n 
mean 

min 
max 

DLK83-fur-1 6  
n 
mean 

min 
max 

DLK83-dal-2, 5 
n 
mean 

min 
max 

W 

I l  
0.84 
0 . 185 
0.62 
1 . 1 3  

1 8  
0.77 
0 . 1 26 
0.56 
0.95 

7 
1 .09 
0.421 
0.45 
1 .67 

L 

I l  
0.74 
0 . 155  
0.56 
0.98 

18 
0.66 
0. 1 07 
0.48 
0 .79 

7 
0.95 
0.344 
0.43 
1 .40 

L/W 

1 1  
88% 

1 .567 
86% 
90% 

18 
86% 

3.924 
77% 
92% 

7 
88% 

4.776 
83% 
97% 

H 

1 1  
0.62 
0 . 1 76 
0 .39 
0.93 

18 
0.62 
0. 1 37 
0.42 
0.84 

7 
1 .02 
0.532 
0.28 
1 .67 

H/W 

1 1  
73% 

6.373 
6 1 %  
82% 

18 
80% 

6. 1 22 
73% 
89% 

7 
88% 
1 7.727 
62% 

1 1 3% 

C? siljanensis is abundant and well preserved, which would 

allow the pattern of this change to be studied in detail ,  but 

such a study is outside the scope of the present paper. The 

morphology of the ventrai valve appears to vary more than 

that of the dorsal valve (cf. Figs. 56H, 57G, 58G; Tables 

3-4) ; in particular, the H/W ratio as well as the size and 

shape of the apical process show considerable variation. 

The new species appears to be similar to C? apicalis Coo

per, 1 956 (p. 249, Pl. 1 7B : 15-28) and C? multisinuata Coo-
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per, 1 956 (p .  253, Pl . 1 6G:28-40) from the Pratt Ferry beds 

of Alabama. The mantle canal pattern of the two American 

species is much better developed than that of C? siljanensis 

and the dorsal pseudointerarea is proportionally longer 

and narrower. Moreover, the median septurn of C? siljanen

sis has 3-5 septal rods, whereas both American species have 

a more simple sep turn with only an upper septal rod. 

Occurrence. - Conotreta? siljanensis is the third most abundant 

species in the Viru sequence investigated and it has a long 

stratigraphical range . In Dalarna it appears first in the 

uppermost Folkeslunda Limestone and is found in virtually 

all samples up into the lower Dalby Limestone (Figs. 9, 1 0) . 

In Vastergotland C? siljanensis appears within the lower 

part of the Gullhogen Formation and ranges up into the 

Ryd Limestone .  In addition there is a questionable record 

from the lowermost sample in the Dalby Limestone (Fig. 

8B-C) . On Gland it is known from the Furudal and Kalla 

limestones. 

Genus Hisingerella Henningsmoen, 1 948 

Type species. - Original designation; Atrypa? nitens Hisinger, 

1 837, p .  77, from the lower Harju Fjacka Shale, Draggån, 

Dalarna. 

Diagnosis. - See Holmer ( 1 986, p .  1 07) . 

Species assigned. - Conotreta? devota Krause & Rowell, 1 975; 

Hisingerella billingensis sp. nov. ; H.? unguicula sp. nov. ; in 

addition to the species listed by Holmer ( 1 986) . 

Discussion. - As noted by Holmer ( 1 986) , the Upper Or
dovician type species, H. nitens is inadequately known be-

Table 4. Conotreta? siljanensis sp. nov. , average dimensions and ratios of dorsal valves. 

DLK83-fo-5 
n 
mean 

min 
max 

GB84-2-7, 2-39 
n 
mean 

min 
max 

DLK83-fur-1 6  
n 
mean 

min 
max 

DLK83-dal-2, 5  
n 
mean 

min 
max 

W 

1 4  
1 . 20 
0.288 
0.45 
1 .57 

24 
0.96 
0.264 
0.37 
1 .36 

1 8  
0.82 
0.268 
0.42 
1 . 29 

1 8  
0 .84 
0.265 
0.56 
1 .43 

L L/W 

1 4  14  
1 .08 9 1 %  
0.254 2.921 
0.43 87% 
1 .41 97% 

24 
0.86 
0 .221 
0 .37 
1 . 22 

18 
0 .74 
0.223 
0 .39 
1 . 1 2  

1 8  
0.75 
0 .214  
0.50 
1 . 19 

24 
90% 

3.836 
85% 

1 00% 

18 
9 1 %  

3.490 
86% 
97% 

1 8  
90% 

3 . 183 
84% 
97% 

Wl 

1 4  
0 .51  
0. 1 32 
0. 19  
0.70 

24 
0.39 
0 . 109 
0 . 1 6  
0.57 

18 
0.33 
0. 1 2 1  
0. 1 7  
0.54 

18 
0 .35 
0 . 1 23 
0.20 
0 .59 

LI 

1 4  
O. l I  
0.024 
0.06 
0. 1 2  

24 
0 .09 
0 .019 
0 .04 
0. 1 1  

1 8  
0.08 
0.022 
0.04 
0 . 1 1  

1 8  
0.08 
0 .024 
0.05 
0 . 1 1  

LI/Wl 

14  
2 1% 

3.851 
18% 
33% 

24 
23% 

3.867 
17% 
32% 

1 8  
25% 

3.948 
19% 
33% 

1 8  
22% 

3 .218  
16% 
29% 

WM 

6 
0.77 
0. 1 75 
0.54 
D.98 

14 
0.60 
0. 1 1 5  
0.36 
0.73 

15 
0.48 
0 . 146 
0.28 
0.78 

6 
0.54 
0. 1 66 
0 .31  
0 .78 

LM 

6 
0.43 
0.088 
0.36 
0.56 

14 
0.36 
0.076 
0.23 
0.46 

15 
0.30 
0.080 
0 . 14  
0.46 

6 
0 .34 
0 .071 
0 .23 
0 .42 

LM/WM 

6 
56% 

5.924 
48% 
66% 

1 4  
6 1 %  

8.206 
44% 
79% 

15 
64% 

6.224 
53% 
74% 

6 
65% 

7.202 
54% 
75% 

LS 

9 
0.97 
0. 1 1 2  
0.82 
1 . 1 2  

24 
0.68 
0 . 19 1  
0.26 
0.96 

1 7  
0.58 
0 . 187 
0.33 
0.85 

1 3  
0 .61 
0.226 
0.33 
1 .05 

BS 

9 
0.25 
0.030 
0. 1 9  
0.29 

24 
0.20 
0.034 
0. 1 6  
0 .26 

17 
0 . 1 8  
0.038 
0 . 14  
0.25 

13 
0. 19  
0.030 
0 . 14  
0.23 
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cause of the poor preservation of the type material ; it is 

possibly a senior synonym of H. lenuis Holmer, 1986 from 

the lower Harju Bestorp Limestone. H. tenuis may serve as 

a provisional reference species, until good comparative 

topotype material of H. nilens has been located. 

Hisingerella billingensis Sp.  nov. 
Fig. 6l  

Name. - After the Billingen distriet, Vastergotland. 

Holotype. - Br1 28616, complete dorsal valve, Fig. 61A-E (W 

0.98, L 0 .91 ) ,  from the Gullhogen Formation, Gullhogen 

quarry ( sample GB84-1-1 ) ,  Vastergotland. 

Paratypes. - Figured; Brl 2861 5  (W 0.97, L 0 .9 1 ,  H 0.57) , 

Brl 28614 (darnaged) . Total of 45 dorsal valves and 27 

ventrai valves. 

Diagnosis. - Ventrai valve procline with maximum height at 

umbo; apical proeess small . Pseudointerarea of dorsal valve 

with wide median groove and small propareas. 

Description. - The valves are approximately circular in out

line, on average 93% as long as wide (OR 90-95% ;  N=5 ;  

Table 5) . In one speeimen the ventrai valve is 59% as  high 
as wide with the maximum height at the umbo. In lateral 

profile the outline of the posterior surface of the ventrai 

valve is procline and flattened, whilst the anterior surface 

is convex (Fig. 6 1G) . The ventrai pseudointerarea is poorly 

delineated and has a wide interridge (Fig. 61F-H) . The 

ventrai interior has a distinet apical proeess, as well as a pair 

of cardinal muscle scars on the posterior wall (Fig. 6 1L) . 

The exterior pedicle tube is short; it is not continued into 

the interior (Fig. 61J) . The dorsal valve is flattened in 

lateral profile (Fig. 6 1D) , with a pseudointerarea on aver

age 29% as long as wide (Table 5) and occupying about 
43% of the total width . The median groove is well devel

oped and the propareas are orthocline (Fig. 61E) . The 

cardinal muscle scars are slightly raised in adults, on aver

age 53% as long as wide (Table 5) . The median septurn has 
a single upper septal rod. The septurn originates about 
0 .20 mm from the posterior margin (Table 5) , and occu
pies about 80% of the length (Fig. 61D) . The valves are 
ornamented with faint, closely spaced fila (Fig. 61A, F) . 

The larval shell is nearly eireular, about 0 .22 mm in diame
ter; it is ornamented with overlapping circular pits of uni

form size (up to 1 .6 11m in diameter; Fig. 61 K) .  

Discussion. - Hisingerella billingensis is related closely to H. 
lenuis Holmer, 1 986 (p .  1 07,  Figs. 5A-P, l OA-C) , from the 

Upper Ordovician Bestorp Limestone. The two species are 

similar in having ( l )  an almost circular outline (L/W ratio 

about 93% in both species) ,  (2 )  a wide interridge on the 

ventrai valve, (4) a dorsal pseudointerarea with a wide, well 

developed median groove , (5) a simple median septurn, 

and (6) a circular larval shell with overlapping pits of 

uniform size. Both speeies are also thin-shelled. The Mid

die Ordovician speeies differs from H. tenuis mainly in 

having ( 1 )  a distinet apical proeess, (2 )  a procline ventrai 

valve, (3)  a short exterior pedicle tube, and (4) poorly 

developed dorsal propareas. In addition, the ventrai valve 
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of H. tenuis is recurved, with the maximum height slightly 

anterior to the depressed umbo. The type material of the 

Middle Ordovician species H. nana (Hadding, 1 9 13 )  from 

the ' Dicellograptus Shale' of Scania is toa poorly preserved 

for a detailed comparison ( see also Harper et al. 1 984) . 

Occurrence. - Hisingerella billingensis is restricted to the low

ermost part of the Gullhogen Formation of Vastergotiand 

(Fig. 8B) . 

Hisingerella? unguicula Sp . n ov. 
Figs. 26, 62 

Name. - Latin unguiculus, small fingernail; alluding to the 

lateral profile of the dorsal valve. 

Holotype. - Br1 29006, complete dorsal valve, Fig. 62E-F (W 

0.87, L 0 .76) , from the Folkeslunda Limestone, Kårgarde 

section (sample DLK83-fo-l ) ,  Dalarna. 

Paratypes. - Figured; Brl 28625 (W 0.78, L 0 .7 1 ) ,  Br1 28598 

(W 0.88, L 0 .78) , Brl28871 (darnaged) , Br1 28631 (dam

aged) , Brl 28879 (darnaged) , Brl 28900 (darnaged) , 

Br1 3361 2c ( seetion) .  Total of 193 dorsal valves and 379 

ven tral valve. 

Diagnosis. - Ventrai valve with long, narrow, posteriorly 

inclined exterior pedicle tube. Ventrai interior with poorly 

developed apical proeess. Dorsal valve deep; fingernail

shaped in lateral profile . 

Description. - The valves are approximately eire ul ar. The 

ventrai valve is highly conical with maximum height at the 

umbo. In lateral profile the outline of the posterior surface 

of the ventrai valve is slightly concave , whilst the anterior 

surface is flattened to convex (Fig. 62]) . There is a posteri

orly inclined, pointed exterior pedicle tube (Fig. 62]) . The 

ventrai pseudointerarea is poorly delineated, procline and 

has a fain t in terridge (Fig. 62K) . The apical proeess is just 

a slight thickening, and there is no interior pedicle tube 

(Fig. 62L) . The dorsal valve averages 94% as long as wide 

(Table 6) ; 0 . 1 6  mm deep in the holotype.  In lateral profile 
it is fingernail-shaped (Fig. 62B) . The dorsal pseudointer
area averages 28% as long as wide (Table 6) , occupying 

some 44% (OR 38-52 % ;  .i\hl 0) of the width of the valve. 

The median groove is well developed, and the propareas 
are small and anacline (Fig. 62G-H) . The median buttress 

is robust. In the holotype, the dorsal cardinal muscle scars 

are about 72% as long as wide (Fig. 62E) . The median 

septurn originates about 0. 1 8  mm from the posterior mar

gin and occupies about 80-90% of the total length . In 

lateral profile the septurn is low and has a single upper 

septal rod (Fig. 62F) . The valves are ornamented with 

closely spaced concentric fila (Fig. 62A, I ) . The larval shell 

is about 90-95 % as long as wide, up to 0 .24 mm wide and 
0 .22 mm long. It is ornamented with pits of two size groups; 

large pits ,  up to 6 11m wide,  separated from small pits , 

830 nm to 2 11m wide (Fig. 62D) . For shell structure , see 

above (p. 45, Fig. 26) . 

Discussion. - This species is similar to other described spe

eies of Hisingerella in having ( 1 )  a reduced apical proeess, 

(2) a dorsal pseudointerarea with a deep median groove , 
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Fig. 61. Hisingereila billingensis sp. nov.,  Gullhiigen Formation (sample GB84-1-1 ) .  DA. Holotype; dorsal exterior; Brl 2861 6, x55. D B .  The 
larval shell of A; x 1 65 .  OC. Interior of A; x55. OD. Side view of C; x59 .  DE. Detail of the pseudointerarea of C; x 1 78. OF. Ventrai exterior; 
Brl 28615 ,  x55. OG. Side view ofF; x60. OH.  Posterior view ofF; x55. D I .  The larval shell ofF; x 186. O]. The larval ornamentation of F; x 1 860. 
D K.  Stereo-pair; interior of a ventral valve; Brl 2861 4, x60. 

Table 5. Hisingereila billingensis sp. nov. , ave rage dimensions and ratios of dorsal valves. 

W L L/W WI LI LI/WI WM LM LM/WM LS BS 

GB84-1-1  
n 3 4 3 4 4 4 3 3 3 4 4 
mean 0 .91  0.88 93% 0.41 0 . 1 2  29% 0.49 0 .26 53% 0.71 0.20 
min 0 .68 0 .64 90% 0 .31  0 .09 26% 0.43 0.25 50% 0.43 0. 1 6  
max 1 .07 0.99 95% 0.48 0 . 1 4  32% 0.53 0.26 57% 0.85 0 .23 
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Fig. 62. HisingereIla? unguicula sp . nov. DA. Dorsal exterior; Gullhogen Formation (sample GB84-1-3) ; Br1 28625, x64. DB .  Side view of A; x64. 
D e. The larval shell of A; x1 85. OD. The larval ornamentation of A; x1 200. D E .  Holotype;  dorsal interior; Folkeslunda Limestone (sample 
DLK83-fo-l ) ;  Brl 29006, x64. OF. Side view of E; x64. OG. Detail of a dorsal pseudointerarea; Våmb Limestone (unnumbered sample) ;  
Brl 28598, x 185 .  OH.  Side view of a dorsal pseudointerarea; Kårgårde Limestone (sample DLK83-segk-1 ) ;  Br1 2887 1 ,  x1 85. DI .  Ventrai 
exterior; Holen Limestone (sample GB81-0) ; Brl2863 1 ,  x64. OJ. Side view of a ventrai valve; Kårgårde Limestone (sample DLK83-segk-l ) ;  
Br1 28879, x64. D K  Posterior view ofJ; x64. D L. 1nterior of a ventrai valve; Skovde beds (sample GB84-A4) ; Br1 28900, x1 50. 

Table 6. HisingereIla? unguicula sp. nov. , average dimensions and ratios of dorsa! valves. 

W L L/W Wl LI LI/Wl WM LM LM/WM LS BS 

GB84-A1 , DLK83-fo-2 
n 1 0  1 0  l O  1 1  1 1  1 1  l l 1 0  1 0  
mean 0.65 0.61 94% 0.29 0.08 28% 0 .39 0.28 72% 0.49 0. 1 8  

0.066 0.055 3 .479 0.049 0.0 1 6  2 .914  0.068 0.0 1 1  
min 0.54 0.53 88% 0.22 0.06 24% 0.42 0. 1 6  
max 0.78 0 .71  98% 0.40 0. 1 1  32% 0.62 0. 1 8  



FOSSILS AND STRATA 26 ( 1 989) 

and (3) a simple median septum; it also lacks an interior 

pedicle tube, and the thin shell and ornamentation are also 

suggestive of Hisingerella. H? unguicula differs from other 

described species of the genus in having a strongly convex 

dorsal valve and a different type of larval pitting. Moreover, 

the ventrai valve lacks an interridge . H? unguicula appears 

to be similar to H? devota (Krause & Rowell, 1 975, p. 35, PIs. 

4 : 1-16 ,  1 2 :5)  from the lower Whiterock of Nevada. The 

dorsal valves ofboth taxa have ( 1 )  a strongly convex outline 

in lateral and anterior views, (2 )  cardinal muscle scars 

shaped like a 'Spanish wineskin' ( sensu Krause & Rowell 

1 975, p. 35; see also Fig. 62E) , (3 )  the pseudointerarea 

around 30% as long as wide, occupying about 46% of total 

width, with deep median groove and anacline propareas, 

and (4) a simple triangular median septum occupying 

about 86% of the valve length. The median septum of the 

American species has up to two septal spines, whereas H ?  
unguicula invariably has a single upper septal rod. The 

ventrai valve of H? devota differs from the Swedish species 

in ( 1 )  a more recurved convexity of the valve, (2 )  the devel

opment of a distinct interridge, and (3 )  a more robust 

apical process. 

Occurrence. - In Jåmtland ( sample J69-28) ,  Dalarna, and 

Våstergotland this species is known from the the upper part 

of the Lower Ordovician Holen Limestone. In Dalarna and 

Jåmtland (sample J69-35) it also occurs in the Segerstad 

Limestone; in the former district it ranges up into the 

Fig. 63. Cyrtonotreta depressa 
(Cooper, 1956) ; Pratt Ferry 
Limestone (Pygodus ansennus 
Biozone) ,  Pratt Ferry, Ala
bama (sample 68B9-1 ,  coU. 
S.M. Bergstriim) .  DA. Detail 
of the pseudointerarea of a 
dorsal valve; Brl 33668, x52 .  
DB .  Side view of A; x60. DC.  
Detail of  the larval shell of a 
ventrai valve; Brl 33669, x 175 .  
OD .  Detail of the ornamenta
tion of C; x795. 
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Folkeslunda Limestone (Fig. 9A) . In Våstergotland the 

Skovde Limestone and Gullhogen Formation have also 

yielded specimens (Fig. 8A-B) .  

Genus Cyrtonotreta gen . nov. 

Name. - Greek Cyrton, humpback and tretos, perforated; 

alluding to the lateral profile of the ventrai valve . 

Type speeies. - Conotreta depressa Cooper, 1 956, p. 25 1 ,  Pl .  

1 7C:29-57, from the Middle Ordovician Pratt Ferry beds, 

Pratt Ferry, Alabama, U.S .A. 

Cooper stated that all the Pratt Ferry material originates 

from the lower three feet, corresponding to the P. serra 

Biozone (Bergstrom 1971 ) .  However, the conodonts from 

Cooper's samples were examined by Sweet & Bergstrom 

( 1 962) , indicating the Pygodus anserinus Biozone (Berg

strom 1971 ) .  Some topotypic specimens are figured in Fig. 

63. 

Diagnosis. - Ventrai valve widely conical with rounded ape x 

sometimes recurved ( 'humpbacked' )  in lateral view. Ven

tral pseudointerarea procline to apsacline, frequently with 

interridge . Ventrai interior with large apical process and 

deeply impressed pinnate mantle canal pattern; internal 

pedicle tube long. Dorsal valve flattened in lateral profile, 

with wide , almost straight pseudointerarea, frequently oc

cupying more than half the total width ; long propareas and 

shallow, wide median groove . Simple low median septum, 
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extending about 60-70% of total length; single upper sep

tal rod. 

Speeies assigned. - Conotreta depressa Cooper, 1 956; Cyrtono

treta vestrogothica sp. nov. ;  c.? striata sp. nov. 

Discussion. - The three species assigned to the genus are all 

restricted to the Middle Ordovician . Cyrtonotreta is related 

to Conotreta Walcott, 1 889 , the type speeies of which (as 

diseussed above) is poorly known. Using the definition of 

Cooper ( 1 956) , Cyrtonotreta differs from Conotreta in having 

( l )  a relatively wider and less conical ventrai valve, ( 2) a 

dorsal valve with a wide and almost straight pseudointer

area, most frequently occupying more than 50% of the 

total width (Wl/W ratio most commonly less than 40% in 

Conotreta) , (3) more widely spaced dorsal cardinal muscle 

scars, and (4) a low median septurn, extending about 60-

70% of total length (LS/L ratio most commonly 80-90% in 

Conotreta) , and invariably with a single upper septal rod.  

Topotypes of C. depressa (Cooper) from the uppermost part 

( sample 68B9-1 ; within the Pygodus anserinus Biozone; sup

plied by S. M. Bergstrom) of the Pratt Ferry beds of Ala

bama are illustrated here (Fig. 63) . The dorsal pseudo

interarea of Cyrtonotreta is somewhat similar to that of 

Physotreta Rowell, 1966. However, compared with Cyrtono

treta, this genus has a much greater maximum size and a 

more widened and elongated dorsal pseudointerarea. 

Cyrtonotreta vestrogothica Sp. nov. 
Figs. 64, 67I-N 

Name. - Latinized form of Våstergotiand.  

Holotype. - Br1 32844, slightly damaged dorsal valve, Fig. 

64E-F (W -2.5 1 ,  L 2 .26) , from the Ryd Limestone, Gull

hogen quarry ( sample GB84-3-41 ) ,  Våstergotland. 

Paratypes. - Figured; Br1 32783 (W 2 .64, L 2 .39) , Brl 32941 

(W 3.07, L 2 .73) , Br1 32784 (darnaged) , Brl 32785 ( lost 

during SEM) , Brl 32786 ( lost during SEM) , Br1 33937 (W 

0 .65) , Br1 32796 (darnaged) , Brl 32771 (W 0.62,  L 0 .55) , 

Br1 32768 (W 0 .74, L 0 .64, H 0.33) . Total of 77 dorsal valves 
and 88 ventrai valves. 

Diagnosis. - Ventrai valve widely conical ; pseudointerarea 
procline with interridge . Interior of ventral valve with well 
developed and robust apical proeess, occupying large por
tion of apex. Dorsal valve flattened in lateral profile, with 

wide pseudointerarea and almost straight posterior mar

gin .  

FOSSILS AND STRATA 26 ( 1989) 

Description. - The outline of the valves is broadly oval . 

Preserved ventraI valves are invariably fragmentary, but it 

appears to be widely conical and has a rounded apex, 

laeking an exterior pedicle tube (Fig. 64H) . In lateral 

profile the ventraI pseudointerarea is procline and slightly 

convex; the interridge is wide (Fig. 64G-H) . The ventrai 

interior is dominated by a well developed apical proeess, 

penetrated by a long interior pedicle tube. The mantle 

can al pattern is deeply impressed (Fig. 641-J) . The dorsal 

valve is on ave rage 91 % as long as wide (Table 7) . In lateral 

profile it is flattened, and in dorsal view the posterior 

margin is almost straight (Fig. 64A-B) .  The dorsal pseudo

interarea is on average 1 4% as long as wide (Table 7) , and 

occupies well over 50% of the width of the valve . The 

propareas are wide and anacline , with a shallow and wide 

median groove (Fig. 64D-F) . The median buttress is ro

bust. The cardinal muscle scars are on average 57% as long 

as wide (Table 7) ; they are widely separated and diverge 

anteriorly, occupying about 40% of the total length (Fig. 

64D-E) . The median sep turn originates about 0 .44 mm 

from the posterior margin (Table 7) and occupies about 

80% of the valve length . In lateral view it is low and has a 

single upper septal rod. The exterior of both valves is 

commonly exfoliated, exposing the camerate secondary 

layer (Fig. 64C) . The valves are ornamented with weakly 

developed, evenly spaced concentric growth lines, about 

7-8 Jlm apart. 
-

Remarks on ontogeny. - Some juvenile valves appear to be

long to Cyrtonotreta vestrogothica, but in many cases it is 

difficult to distinguish these from juveniles of Conotreta? 

siljanensis and Cyrtonotreta? striata ( see, e .g . ,  Figs. 59,  67) . 

The larval shell of dorsal valves is relatively small for the 

subfamily, up to 0.20 mm wide and 0 . 1 8  mm long, with 

Fig. 64 (opposite page) . Cyrtonotreta vestrogothica gen. et  sp. nov. DA. 

Exterior of a dorsa! valve; Gullhogen Limestone (sample GB84-2-
25) ; Br1 32783, x21 .  DB.  Side view of A; x21 .  De.  Detail of A, 
showing the larval shell; note that the primary layer of the adult 
shell is exfoliated, exposing the camerate shell structure of the 
secondary layer; x200. OD. Dorsal interior; Ryd Limestone (sample 
GB84-3-69) ;  Brl 3294 1 ,  x21 .  DE. Holotype;  stereo-pair; dorsal inte
rior; Ryd Limestone (sample GB84-3-41 ) ;  Br1 32844, x2 1 .  OF. Side 
view of E; x21 .  O G. Exterior of a ventral valve; Gullhogen Lime
stone ( sample GB84-2-25) ; Br132784, x2 1 .  OH.  Side view of G; x2 1 .  
D I .  Ventrai interior; Gullhogen Limestone (sample GB84-2-25) ; 
Br1 32785, x30. OJ. Interior of a ventral valve; Gullhogen Lime
stone ( sample GB84-2-25) ;  Brl 32786, x30. 

Table 7. Cyrtonotreta vestrogothica sp. nov. , ave rage dimensions of dorsal valves. 

W L L/W Wl LI LI/Wl WM LM LM/WM LS BS 

GB84-3-4 1 , 3-69 
n 4 3 3 4 4 4 2 2 2 3 3 
mean 2 .81  2 .47 9 1 %  1 .52 0 .21 1 4% 1 .56 0.90 57% 1 .98 0 .44 
min 2.48 2.26 90% 1 .30 0. 1 4  1 3% 1 .46 0.84 57% 1 .55 0.40 
max 3.07 2 .73 92% 1 . 70 0.25 1 6% 1 .67 0.96 57% 2.39 0.46 
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three nodes (Fig. 64E) . The pits of the dorsal larval shell 

are of varying size, about 1-3 �m in diameter (Fig. 67I) . 

Onejuvenile dorsal valve (W 0.62, L 0 .55) has a narrow and 

undivided pseudointerarea (Wl 0.22,  LI 0 .04) , and a short 

median septurn with a single upper rod.  The median sep

turn originates about 0. 1 7  mm from the posterior margin, 

extending to about the centre of the valve (Fig. 67J-K) . On 

adult ventrai valves the larval shell cannot be observed in 

detail, but some juvenile ventrai valves have an almost 

circular larval shell, about 0 .24 mm across with a minute 

apical foramen, about 0 .05 mm across (Fig. 67L-M) . One 

juvenile ventrai valve is a low cone with a strongly procline 

lateral profile (Fig. 67N) ; the interior is without recogniz

able structures. 

Discussion. - Cyrtonotreta vestrogothica is most similar to the 

type species C. depressa (Cooper, 1 956, p .  251 ,  Pl .  1 7C:29-57 

and Fig. 63 herein) , which differs in having ( l )  a more 

depressed, strongly apsacline ventrai valve, ( 2 )  a well devel

oped ventrai pseudointerarea that almost lacks an inter

ridge , (3 )  a less well developed apical process, (4) a wider 

and straight dorsal pseudointerarea (Fig. 63A-B) ,  and 

(5 )  a lower and shorter median septurn, extending about 
70% of total length (LS/L ratio about 80% in C. vestro

gothica) . The larval shell of C. depressa is circular, about 

0 . 1 8  mm in diameter (Fig. 63C) . 

Occurrence. - Cyrtonotreta vestrogothica occurs in the Gull

hogen Formation and Ryd Limestone of Viistergotland 

(Fig. 8B-C) . 

Cyrtonotreta Sp . a 
Figs. 47G-E, 65, 67G-H 

Material. - Figured; Br1 28695 (darnaged) , Br 1 32526 (dam

aged) , Brl 32528 (darnaged) , Br1 32527 (W 2.57,  H 1 .95) , 

Br1 32503 (deformed) , Brl 32967 (darnaged) , Br133038 

(W 0 .7 1 ,  L 0 .64) . Total of 1 88 mostly fragmentary dorsal 

valves and 1 87 mostly fragmentary ventrai valves. (Descrip

tion based on some of the better preserved material from 

the Dalby Limestone ) .  

Description. - The complete outline is unknown from either 

valve. In one specimen the ventrai valve is broadly conical, 
and about 76% as high as wide (Fig. 65E) . The ventrai 

pseudointerarea is flattened, wide and nearly catacline; it 

lacks an interridge (Figs. 47C, 65E-F, H) . There is no 

exterior pedicle tube (Fig. 65G) ; the pedicle foramen is 

continued as an interior pedicle tube. The apical process is 

narrow and long. The mantle canal pattern is well devel

oped, pinnate (Fig. 651) . The dorsal pseudointerarea is 

wide, short and anacline. The median groove is poorly 

defined (Fig. 65C-D) . The dorsal median septurn and 

muscle scars are not known. The valves are ornamented 

with regular concentric growth lines. The dorsal larval shell 

of the preserved adult valves is generally damaged, about 

0 .20 mm wide (Fig. 65B) . In one ventrai valve, the larval 

shell is about 0 .25 mm wide and 0 .22 mm long, with an 

apical foramen, 0.08 mm in diameter (Fig. 65G) . Some 

juvenile dorsal valves possibly belonging to this species 

(Fig. 67G) preserve a larval shell about 0.24 mm wide and 
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0 .2 1  mm long. The larval pitting is identical to that of 

Cyrtonotreta vestrogothica. 

Discussion. - The specimens from the Dalby Limestone are 

better preserved than those occurring lower in the se

quence. Cyrtonotreta sp. a differs from C. vestrogothica in 

having ( l )  an alm ost catacline ventrai valve that lacks an 

interridge , ( 2 )  a ventrai interior with less well developed 

apical process, and (3) a dorsal pseudointerarea with a very 

faint median groove . 

Occurrence. - In Dalarna Cyrtonotreta sp. a ranges from the 

Folkeslunda to the Dalby limestones (Figs. 9 , 1 0) . In Viister

gotland it is restricted to the lower Dalby Limestone (Fig. 

8C) . 

Cyrtonotreta? striata Sp . nov. 
Figs. 66, 67A-F 

Name. - Latin striatus, striated; alluding to the ornamenta

tion of the species. 

Holotype. - Br1 32615 ,  �omplete dorsal valve, Fig. 66C-D (W 
2.42, L 2 . 1 1 ) ,  from the Gullhogen Formation, Gullhogen 

quarry ( sample GB84-1-5) , Viistergotland. 

Paratypes. - Figured; Brl 32382 (W 1 .70, L 1 .52) , Brl 32720 

(W 2.32, L 2 .02) , Br1 33034 (darnaged) ,  Br1 32721 (dam

aged) ,  Br1 33036 (darnaged) , Brl 32827 (W 1 .95, L -1 . 74, H 

1 .33) , Br1 32824 (L 1 .44) , Br1 32825 (W l . l 3, 1 .0 1 ) ,  

Brl 32938 (W 0.93, L 0 .74, H 0.66) . Total of 409 dorsal 

valves and 207 ventrai valves. 

Diagnosis. - Ventrai valve strongly procline with broad api

cal process. Dorsal valve with pseudointerarea occupying 

about 43% of total width . Median septurn low, occupying 

about 73% of total length . Ornamentation of faint radial 

striae . 

Description. - The valves average 89% as long as wide (Table 

8;  N= 1 7) . The ventrai valve is broadly conical, about 50-

60% as high as wide (maximum W 0.85, maximum H 0.50; 
N=3) . In lateral profile the anterior and posterior surfaces 
are gently convex (Fig. 66L) . The exterior pedicle tube is 
short (Fig. 66G, L) and continues interiorly (Fig. 661) . The 
ventrai pseudointerarea is strongly procline and has an 

interridge (Fig. 66F-G) . The ventrai interior has a broad 
apical process, and a poorly defined pinnate mantle canal 

pattern (Fig. 66H, J) . In lateral profile the dorsal valve is 

flattened to slightly convex (Fig. 66D-E) . The dorsal pseu

dointerarea is on average 1 8 %  as long as wide (Table 8) , 

occupying about 43% of the width of the valve; the median 

groove is well developed and the propareas are anacline 

(Fig. 66C-E) . The median buttress is robust. The cardinal 

muscle scars are raised, widely spaced and diverge ante ri

orly; on average 53% as long as wide (Table 8; Fig. 66C-E) . 

In some specimens there is a pair of anterocentral muscle 

scars (Fig. 66E) . The median septurn originates about 

0 .38 mm from the posterior margin (Table 8) , and occu

pies about 60-70% of the length . In lateral view the septurn 

is very low, on average 19% as high as wide (Table 8) , with 

the highest point at about the centre of the valve. 
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Fig. 65. Cyrtonotreta sp. a. DA. Exterior of a dorsal valve; Dalby Limestone (sarnple D60-206) ; Br 1 28695, x68. DB. The larval shell of A; x200. 
De. Interior of A; x68. OD. Dorsal interior; Dalby Limestone (sarnple DLK83-dal-12) ; Brl 32528, x34. DE.  Exterior of a ventral valve; Dalby 
Limestone (sarnple DLK83-dal- 12 ) ; Br1 32527, x21 .  O F. Posterior view of E; x21 .  O G. The larval shell of E; x200. O H .  Exterior of a slightly 
deforrned ventrai valve; Dalby Limestone (sarnple DLK83-dal-l0) ; Br1 32503, x21 .  DI .  Stereo-pair; ventrai interior; Dalby Limestone (sarnple 
DLK83-dal-22) ; Brl 32967, x1 7. 

The single upper septal rod is commonly obscured in adult 

valves (Fig. 66C-E) . The valves are ornamented with weakly 

developed, closely spaced concentric fila, as well as radial 

discontinuous striae (Fig. 66A-B, F, M) . The larval shell is 

92% as long as wide (WL 0.26,  LL 0.24; N-= 1 2) . The pitted 

ornamentation is identical to that of C. vestrogothica. 

Remarks on the ontogeny. - As noted above , it is difficult to 

distinguish between early stages of speeies belonging to 
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Table 8. Cyrtonotreta? striata sp. nov. , ave rage dimensions of dorsal valves. 

W L L/W WI LI 

GB84-1-1 , 5, 2-9, 
1 9, 37, 39, 41  
n 1 6  1 6  1 6  1 6  1 6  
mean 2. 1 1  1 . 88 89% 0.91 0. 1 6  

0.459 0.426 4.070 0 . 190 0.030 
min 0 .71 0 .67 85% 0.42 0.09 
max 2 .64 2.57 98% 1 . 1 5  0.22 

Cyrtonotreta and Conotreta. However, some juvenile valves of 

Cyrtonotreta? striata have been identified (Fig. 67A-F) . One 

dorsal valve is 89% as long as wide (W 1 . 13 ,  L 1 .0 1 )  with the 

pseudointerarea 26% as long as wide (WI 0.42, LI 0 . 1 1 ) .  

The median septurn has a single upper septal rod (HS 

0 . 1 6) , originating 0.24 mm from the posterior margin (Fig. 

67C-D) . One juvenile ventrai valve is about 80% as long as 

wide (W 0.93, L 0 .74, H 0.66; Fig. 67E-F) . The ventrai 

interior is without recognizable structures. 

Discussion. - Cyrtonotreta? striata is similar to other speeies of 

the genus in having ( 1 )  a broadly conical ventrai valve, 

( 2 )  a distinet apical proeess, ( 3) a pinnate mantle canal 

patte rn , and ( 4) a low, comparatively short median sep

turn. It differs mainly in having a narrower dorsal pseudo

interarea, occupying up to about 43% of total width . This 

ratio is generally above 50% in species of Cyrtonotreta. The 

larval shell of G.? striata is generally larger than that of 

Cyrtonotreta (cf. Fig. 67B, H) . 

Occurrence. - Cyrtonotreta? striata has a range from the Gull

hogen Formation to the lowermost Dalby Limestone of 

Vastergotland (Fig. 8B-C) . In Dalarna it is known from 

only two levels within the upper Furudal Limestone (Fig. 

9B) . 

Cyrtonotreta? Sp . b 
Fig. 68A-H, ?I-j 

Material. - Figured; Brl 28613  (W 1 .86, L 1 . 70) , Brl 28600 

( 1 .77,  L 1 .58) , Br1 32566 (darnaged) ,  Brl 28896 (dam

aged) , ?Brl 28876 (darnaged) . Total offour dorsal and four 
ventrai valves. 

Fig. 66. Cyrtonotreta? stria ta gen. et sp. nov. DA. Dorsal exterior; 
Furudal Limestone (sample DLK83-fur-9) ;  Br1 32382, x30. DB. 
The larval shell of A; xl l0 .  De.  Holotype;  interior of a dorsal valve; 
Gullhogen Formation (sample GB84-1-5) ; Brl32615 ,  x30. OD.  
Side view of C; x30 .  DE.  Stereo-pair; dorsal interior; Gullhogen 
Formation (sample GB84-2-19) ; Brl 32720, x20. OF. Exterior of a 
ventrai valve; Dalby Limestone (sample GB84-3-75) ; Brl 33034, 
x30. OG. Side view of F; x30. OH. Ventral interior; Gullhogen 
Formation (sample GB84-2-21 ) ;  Br13272 1 ,  x60. DI .  The pedicle 
tube ofH; x270. OJ. Stereo-pair; interior of a ventral valve; note the 
possible predatory borehole; Dalby Limestone (sample GB84-3-
75) ; Brl 33036, x30. L. Ventrai exterior; Ryd .Limestone (sample 
GB84-2-37) ; Br 1 32827, x30. M. Side view of L; x30. ON. Detail of 
ornamentation of L; x230. 

LI/WI WM LM LM/WM LS BS HS HS/W 

1 6  9 9 9 1 5  1 5  1 5  15  
18% 1 .24 0 .65 53% 1 .38 0.38 0.42 19% 
2 .620 0. 1 79 0.095 5 .210  0.367 0.082 0.049 3 .521 

14% 
24% 

0.95 0.50 46% 0.59 0.22 0.34 13% 
1 .43 0 .78 63% 2.02 0.50 0.50 25% 

Remarks. - The poorly preserved speeimens of this species 

resemble Cyrtonotreta? stria ta, but differ in the lack of well 

developed striae (Fig. 68A) and a ventrai interridge (Fig. 

68F, I ) . Because of the fragmentary nature of the material, 

no doser taxonomic evaluation is attempted. 

Occurrence. - This speeies occurs in the Våmb and Skovde 

limestones and in the lowermost Gullhogen Formation of 

Vastergotland (Fig. 8A-B) . In Dalarna there is a question

able record from the lowermost Kårgarde Limestone (Fig. 

9A) . 

Genus Physotreta Rowell, 1 966 

Type species. - Original designation; Acrotreta spinosa Wal

cott, 1905, p. 302, from the Upper Cambrian Dunderbergia 

Zone, Eureka Co . ,  Nevada, U.S .A. 

Diagnosis. - See Rowell ( 1 966, p. 19 ) . 

Species assigned. - Acrotreta spinosa Walcott, 1 905; ? Cono/reta 

gigantea Cooper, 1956; Physotreta rugosa Popov, 1980; P. 
deformis sp. nov. 

Physotreta deformis Sp . nov. 
Figs. 25, 69-71 

Name. - Latin deformis, misshapen; alluding to the mis

shapen lateral profile of the ventrai valve. 

Holotype. - Brl 29024, slightly damaged ventrai valve, Fig. 

71F-I, from the Folkeslunda Limestone, Kårgarde section 

( sample DLK83-fo-5) ,  Dalarna. 

Paratypes. - Figured; Brl32405 (darnaged) , Brl 32406 

(darnaged) , Brl 32407 (darnaged) , Brl 32831 (darnaged) , 

Br561 1 (W 5 .94, L -5.3 1 ) ,  Brl 33636c ( seetion) , SGU (Swe

dish Geological Survey, Uppsala) Type 6098 (W -6.5, L 

-5 .4, H -4.3 ) . Total of 67 fragmentary dorsal valves and 66 
fragmentary ventrai valves. 

Diagnosis. - Ventrai valve broadly convex. Ventrai interior 

with apical pro cess filling entire apex, perforated by pedi

de tube . Dorsal valve with pseudointerarea extremely wide 

and long; well developed triangular median groove . Me

dian septurn very low. 

Description. - The complete outline is not preserved in 

either valve. However, the ventrai valve appears to be very 

broadly convex, about half as high as wide, with the maxi

mum height at the umbo (or somewhat behind the umbo 

in gerontic valves; Fig. 7 1 G, j) . In one specimen it is about 
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Fig. 68. OA-H. Cyrtonotreta? sp. b .  DA. Dorsal exterior; Gullhogen Formation (sample GB84-1-7) ; Brl 286 1 3, x33. D B .  The larval shell o f  A; 
x l l O. De. Interior of A; x33. OD.  Interior of a dorsal valve; Gullhogen Formation (sample GB80-50<DIs this a sample num ber or a level, or 
both? cm above the base) ;  Brl 28600, x33. DE. The larval ornarnentation of D;  x1 650. O F. Exterior of a ventral valve; Skovde be ds (sample 
GB84-A4) ; Brl 32566, x33. O G. Side view of F; x33. OH.  Side view of a ventral valve; Våmb Limestone (sample GB84-A2) ;  Br1 28896, x33. DI .  
Cyrtonotreta? sp .  b?;  posterior view of  a ventral valve; Kårgarde Limestone (sam ple  DLK83-segk-l ) ;  Br 1 28876, x80. O j. Side view of  I ;  x80. 

Fig. 67 (opposite page) . OA-F. Cyrtonotreta? striata gen. et sp. nov. 
DA. Dorsal exterior; Ryd Limestone (sample GB84-2-37) ; 
Br1 32824, x32. D B. The larval shell of A; x165 .  OC.  Interior of a 
juvenile dorsal valve; Ryd Limestone (sample GB84-2-37) ; 
Brl 32825, x62. OD .  Side view of C; x62. DE. Exterior of ajuvenile 
ventrai valve; Ryd Limestone (sample GB84-3-69) ;  Brl 32938, x62. 
O F. Side view of E; x62. OG-H. Cyrtonotreta sp. a. Dalby Limestone 
( sample GB84-3-75) .  O G. Exterior of a juvenile dorsal valve; 
Brl 33038, x62. OH.  The larval shell of G; x 1 65 .  O I-N. Cyrtonotreta 
vestrogothica gen. et sp. nov. DI .  Ornamentation of a dorsal larval 
shell; Ryd Limestone (sample GB84-3-69) ;  Br1 32937, x700. Oj. 
Dorsal interior; Gullhogen Formation (sample GB84-2-2 1 ) ;  
Br13277 1 ,  x86. D K  Side view of]; x86. D L. Exterior of a ventral 
valve; Gullhogen Formation (sample GB84-2-33) ; Brl 32796, x62. 
D M. The larval shell of L; x 165. ON. Side view of a ventral valve; 
Gullhogen Formation (sample GB84-2-2 1 ) ;  Brl 32768, x86. 

66% as high as wide (Fig. 70) . In lateral profile the poste

rior surface of the ventrai valve is flattened; the anterior 
surface is strongly convex (Figs. 70, 7 1G) . The ventrai 

pseudointerarea is nearly catacline (but procline in early 

growth stages) with a poorly developed interridge (Figs. 70, 

71H) . The pedicle foramen is wide (maximum width about 

0 . 1 0  mm) , and continues as an interior pedicle tube (Fig. 

71 I ) . The apical process is very large and fills the entire 

apex (Figs. 70, 7 1 I ) . The man tie canal pattern is not 

known. The dorsal valve is about 89% as long as wide in one 

specimen, and flattened in lateral profile (Fig. 69B) . The 

dorsal pseudointerarea is wide, about 1 3% as long as wide, 

occupying nearly 60% of the total width . The median 

groove is wide, triangular and shallow; the propareas are 
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Fig. 69. Physotreta deformis sp. nov. DA. Dorsal interior; Folkeslunda Limestone, Grangardet (eol\. G. Holm) ; Br561 1 ,  x8. D B. Side view of A; 
x8. DC.  Detail of the pseudointerarea of A; x34. OD. Detail of the median groove of A; x60. 

slightly anacline (Figs. 69, 71 D-E) . There is no median 

buttress, and the cardinal muscle scars are indistinct (Fig. 

69C) . The median septurn is low and short, occupying 

about 60% of the length of the valve (Fig. 69) . The valves 

are ornamented with c1ose!y spaeed, concentric fila (Fig. 

7 1A, F) . The larval shell is about 70-80% as long as wide . It 

is large for the subfamily, up to 0.41 mm across, with pitted 

ornamentation as described for Cyrtonotreta vestrogothica 

(Fig. 7 1B-C, K) . 

Discussion. - Physotreta deformis is the largest of the examined 

acrotretaceans. It is similar to the type species, Physotreta 

spinosa, in having ( l )  a broadly conical ventrai valve , (2 )  a 

poorly defined pseudointerarea with a poorly deve!oped 

interridge , (3) a ventrai interior with a conspicuous apical 

proeess plugging the apex, perforated by a long pedicle 

tube, (4) a dorsal valve with a wide pseudointerarea and a 

triangular median groove, and (5 )  a low simple median 

septurn. It differs mainly in having a strongly lamellose 

ornamentation, and a dorsal pseudointerarea that is pro

portionally longer. P. rugosa Popov, 1 980 (Fig. 25: 1-6) from 

the Lower Ordovician (Tremadoc) of Kazakhstan is differ

ent from P. deformis in having ( l )  a procline ventrai valve 

with poorly developed apical proeess, (2 )  a dorsal valve 
with the pseudointerarea wide and short, and (3)  a much 
stronger rugose ornamentation . The Middle Ordovician 
P.? gigantea (Cooper, 1 956, Pl. 1 6E : 1 8-23,  1 7D:58,  1 7E :59-

60) has a higher ventrai valve . 

Occurrence. - In Dalarna Physotreta deformis ranges from the 
Folkeslunda Limestone to the Furudal Limestone; there 

are questionable records from the Kårgarde and the Dalby 

limestones (Figs. 9A-B) . In Vastergotland it is known only 

from the lower Ryd Limestone (Fig. 8C) and on northern 
Gland it occurs in the Kalla Limestone. 

Fig. 70. Physotreta deformis sp.  nov. DA. Ventrai exterior; Folkes
lunda Limestone, Altsarbyn, Mora (eoU. G. von Sehmalensee 
1 895) ; SGU (Swedish Geologieal Survey, Uppsala) Type 6098, x12 .  
D B. Side view of  A ;  x12 .  D C. Detail of  the exfoliated apex of  A ;  x24. 
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Fig. 71. Physotreta deJormis sp. nov. DA. Dorsal exterior; Furudal Limestone (sample DLK83-fur-14) ; Brl 3240S, x26. DB. Detail of the larval 
ornamentation of A; xS83. De. Exterior of a dorsal valve; Brl 32406, xS3. OD. Dorsal interior; Furudal Limestone (sample DLK83-fur-14) ; 
Br1 32407, x37. D E. Side view of the pseudointerarea of D; x60. OF. Holotype; exterior of a ventrai valve; Folkeslunda Limestone (sample 
DLK83-fo-S) ;  Brl 29024, x 1 8. O G. Side view of F; x 18. OH.  Posterior view ofF; x18 .  DI .  Stereo-pair; interior ofF; x 14. O]. Side view of a ventrai 
valve; Ryd Limestone (sample GB84-2-39) ;  Brl 3283 1 ,  x3S. D K. Detail of the larval shell of]; x1 40. 
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Genus Spondylotreta Cooper, 1 956 

Type species. - Original designation; Spondylotreta concentnca 

Cooper, 1 956, p. 255, from the Middle Ordovician (Pygodus 

anserinus Biozone)  Pratt Ferry beds, Pratt Ferry, Alabama, 

U.S .A. 

Diagnosis. - See Cooper ( 1 956, p. 255) . 

Species assigned. - Spondylotreta maior Bednarczyk & Biernat, 

1978; S. parva onentalis Popov, 1 980; S. orsaensis sp. nov. ; in 

addition to the species listed by Krause & Rowell ( 1 975, p. 

41 ) . 

Discussion. - Eight species have been assigned to Spondylo

treta; the genus has a range from the Lower (Tremadoc; 

Biernat 1 973) to the Upper Ordovician (Cautleyan; Wright 

1963) . Krause & Rowell ( 1 975) summarized the existing 

information on the genus; they also discussed an unnarned 

species of Spondylotreta from the lower Whiterock of Ne

vada. Bednarczyk & Biernat ( 1 978, p. 305) described S. 

maior from the Arenig of the Holy Cross Mountains, Po

land. Popov ( in Nazarov & Popov 1980, p. 96) described S. 

onentalis from the U pper Ordovician of Kazakhstan . 

Spondylotreta orsaensis Sp. nov. 
Fig. 72 

Name. - From Orsa parish , in which the Kårgarde section is 

situated.  

Holotype. - Br 1 32946, complete dorsal valve, Fig. 72D-E (W 
1 .32, L 1 . 1 3) ,  from the Dalby Limestone, Kårgarde section 

( sample DLK83-dal-17) , Dalarna. 

Paratypes. - Figured; Br1 33056 (W 1 .36, L 1 . 30) , Brl 33057 

(W 1 . 1 6, L 1 .0 1 ) ,  Brl 33060 (darnaged) , Br1 28647 (dam

aged) , Br1 28706 (darnaged) . Total of 91  dorsal valves and 

16 1  ventrai valves. 

Diagnosis. - Ventrai valve broadly conical with depressed 
apex, poorly delineated pseudointerarea, procline ; inte

rior with long pedicle tube and wide median septurn. Dor
sal valve with median buttress poorly developed to absent; 
median septurn with up to three septal rods. 

Description. - The valves are almost subcircular in outline . 
The ventrai valve is relative ly low for the genus, procline, 

and has the highest point at, or slightly anterior to, the 

umbo. In lateral profile the outline of both the posterior 

and anterior surfaces of the ventrai valve is convex. The 

ventrai pseudointerarea has a narrow interridge (Fig. 721) . 

The exterior pedicle tube is short, up to 0 .06 mm wide (Fig. 

72H,J) , and continues as a long interior tube with a rectan

gular cross-section . The pedicle tube is connected with a 

ventrai median septurn which is slightly swollen in the 

centre (Fig. 72K) . The dorsal valve is about 86-96% as long 

as wide (N=3) . In lateral view it is gently convex and has a 

shallow median sulcus (Fig. 72A-B) . The pseudointerarea 

is about 1 3-18% as long as wide (N=3) , and has a well 

developed median groove and a pair of wide, anacline 

propareas. The median buttress and the muscle scars are 
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poorly developed. The septurn is low and has three septal 

rods; it originates about 0 .23 mm from the posterior mar

gin and extends about 70-80% of the total length (Fig. 

72D-E) . The valves are ornamented with regularly spaced 

fila (Fig. nA, F) . The larval shell is poorly delineated, 

nearly circular in outline and about 0.23 mm in diameter. 

The larval ornamentation is similar to that of Spondylotreta 

sp . nov. a (Figs. nc, J, 73F) . 

Discussion. - Almost all previously described species of Spon

dylotreta have ( 1 )  a highly conical ventrai valve (in the 

Tremadoc S. faceta up to almost twice as high as long) , ( 2 )  a 

narrow, sometimes forked ventrai median septurn, (3 )  a 

median buttress, and (4) a median septurn that originates 

directly anterior to the pseudointerarea. S. orsaensis is dis

tinguished from these speeies in having ( l )  a ventrai valve 

that is low and depressed, (2 )  a wide ventrai median sep

turn, (3 )  a dorsal median septurn originating some dis

tance (about 0.23 mm) from the pseudointerarea, and 

(4) no median buttress. S. orsaensis is most similar to the 

Upper Ordovician S. parva Wright ( 1 963, Pl. 2 : 1 7 , 20-25, 

Pl. 3 : 1 , 5 , 9 ,  15) from the Portrane Limestone of lreland; 

both species have a wide ventrai median septurn, and a 

three-pronged dorsal median septurn originating some dis

tance from the pseudointerarea. However, the ventrai valve 

of the Irish species is a much higher, almost as high as long. 

Occurrence. - Spondylotreta orsaensis is restricted to the Furu

dal and Dalby limestones of Dalarna (Figs. 9B-C, 10 ) . In 

Vastergotland it occurs only in the lower Dalby Limestone 

(Fig. 8C-D ) . 

Spondylotreta Sp . nov. a 
Figs. 24, 73 

Material. - Figured; Brl 33628b (section) ,  Brl 29030, 

Br1 2903 1 ,  Br1 29034, Brl 29033. Total of 8 dorsal and 25 

ventrai valves. 

Description. - No complete outline is preserved in either 

valve (Fig. 73A) . The ventrai valve is procline . In lateral 
profile the outline of the posterior surface is gently convex, 
with the anterior surface gently concave . The highest point 

is slightly anterior to the umbo (Fig. 73E) . The ventrai 
pseudointerarea is well developed and has a wide inter

ridge (Fig. 73D) . The interior pedicle tube is long and has 

a rectangular cross-section . The ventrai median septurn is 

forked (Fig. 73G) . In lateral profile the dorsal valve is 

gently convex. The dorsal pseudointerarea is poorly de

fined, but has a wide median groove and a pair of anacline 

propareas (Fig. 73B-C) . Directly anterior to the pseudo

interarea there is a thickened and raised area, possibly 

corresponding to a poorly developed median buttress (Fig. 

73B) . The dorsal median septurn originates some distance 

from the pseudointerarea; it has a single, thick upper septal 

rod (Fig. 73C) . The larval shell is poorly delineated, with 

circular pits (up to 2 .5  11m in diameter; Fig. 73F) . The valves 

are ornamented with weak, concentric fila (Fig. 73A, D) . 

The shell structure is discussed above (p .  45, Fig. 24) . 

Discussion. - This species is most similar to S. orsaensis, but 

differs in having ( 1 )  a lower ventrai valve, ( 2 )  a concave 
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Fig. 72. Spondylotreta orsaensis sp. nov. DA. Dorsal exterior; Dalby Limestone (sample GB84-3-9 1 ) ;  Brl 33056, x40. DB. Side view of A; x40. OG. 
Dorsal larval shell; Dalby Limestone (sample GB84-3-91 ) ;  Br1 33057, x1 70. DO.  Holotype;  interior of a dorsal valve; Dalby Limestone (sample 
DLK83-dal-1 7) ; Br1 32946, x40. DE. Side view of O; x40. O F. Ventrai exterior; Dalby Limestone (sample GB84-3-91 ) ;  Br1 33060, x40. O G. Side 
view ofF; x40. OH.  Posterior view of the larval shell ofF; x1 70. DI .  Posterior view ofF; x40. DJ. Ventral larval shell; Furudal Limestone (sample 
060-220) ; Brl 28647, x250. D K. Stereo-pair; ventrai interior; Dalby Limestone (sample 060-201 ) ;  Brl 28706, x54. 

ventrai anterior surface,  (3 )  a fork ed ventrai median sep

turn, and (4) a dorsal median septurn with a single upper 

septal rod. 

Occurrence. - Spondylotreta sp. nov. a is known only from 

Dalarna where it ranges from the Segerstad to the lower 

Furudal limestones (Fig. 9A) . 
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Fig. 73. Spondylotreta sp. nov. a. DA. Dorsal exterior; Folkeslunda Limestone (sample DLK83-fo-l ) ;  Brl 29030, x40. DB.  Interior of a dorsal 
valve; Folkeslunda Limestone (sample DLK83-fo-l ) ;  Brl 29031 ,  x40. De.  Side view of B; x40. OD.  Ventrai exterior; Folkeslunda Limestone 
(sample DLK83-fo-4) ;  Brl 29034, x40. DE. Side view of D;  x40. OF. Ornamentation of the larval shell of D; x800. O G. Interior of a ventral 
valve; Folkeslunda Limestone (sample DLK83-fo-4) ;  Brl 29033, x70. 

Subfamily Torynelasmatinae Rowell, 1965 

Diagnosis. - Valves with rounded triangular outline and 

straight, widened posterior margin. VentraI valve with well 

developed and wide pseudointerarea, procline,  catacline 

to slightly apsacline; triangular in posterior view, with inter

ridge poorly developed or obsolete . VentraI interior with 
apical process. Dorsal valve with widened, poorly divided 

pseudointerarea; well developed and raised dorsal cardinal 
muscle scars . Median septum high, frequently with sur
mounting platform, commonly with spines. 

Genera included. - Torynelasma Cooper, 1956; Acrotretella Ire
land, 1961 ; Issedonia Popov, 1980; Polylasma Popov, 1980; 

Mylloconotreta Williams & Curry, 1 985. 

Discussion. - As erected originally by Rowell ( 1 965, p. 

H279) , the Torynelasmatinae included Torynelasma Coo

per (see discussion below) and tentatively aIso the Silurian 

genus AcrotreteUa Ireland. The definition of Rowell ( 1 965) 

has been followed in all subsequent papers. Opsiconidion 

Ludvigsen,  1 974 was assigned to the subfamily by von Bitter 

& Ludvigsen ( 1 979, p.  706) , but this genus is here referred 

to the new subfamily Biernatinae (see below) . Popov ( in 

Nazarov & Popov 1980, p. 103-105) erected Issedonia and 

Polylasma; both genera have a straight posterior margin and 

a complex Torynelasma-like dorsal median septum with 

spines. Williams & Curry ( 1 985, p.  203) described MyUo-

conolrela that c1early also is a toryneiasmatine. At present, 

the five genera have a combined range from the Lower and 

questionably into the Upper Ordovician . The subfamilies 

Torynelasmatinae and Biernatinae are compared below. 

Genus Torynelasma Cooper, 1 956 
Type speeies. - Original designation; Torynelasma toryniJerum 

Cooper, 1 956, p. 258, PIs. 9C:9,  18E :28-30, 35-36, 28E : 1 3-

1 6, non Pls. 9C: I0 ,  1 8E31-34, from the Middle Ordovician 
(Pygodus anserinus Biozone) Pratt Ferry beds, Pratt Ferry, 
Alabama, U .SA. 

Diagnosis. - As for subfamily; invariably with well developed 

surmounting platform, flat to concave , but lacking spines. 

Ventrai valve catacline to slightly apsacline .  

Speeies assigned. - Torynelasma loryniJerum Cooper, 1956; T. 
papillosum Krause & Rowell, 1975; T. sueeicum sp. nov. 

Discussion. - As defined originally (Cooper 1 956, p .  257) 

the genus included two species; the type species and the 

minute Torynelasma minor. Both species come from the 

same level at Pratt Ferry. The dorsal valves of the two are 

similar in that they have a median septum with a surmount

ing platform. In the view of Cooper ( 1 956, p. 257) and 

subsequent authors, this is a unique and characteristic 

feature that unites the species, of otherwise varying mor-
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phology, that have been placed within the genus. However, 

this view is not adopted here. 

The dorsal posterior margin and pseudointerarea of 1'. 
toryniferum is widened and nearly straight in dorsal view. By 

contrast, the dorsal valve of 1'. minor is 'nearly circular in 

outline ' according to Cooper ( 1 965, p. 257) . The dorsal 

valves of all subsequently described species of Torynelasma 

( sensu lato) fall into either of these two, clearly separated 

groups. The first includes 1'. minor Cooper, 1'. rossicum 

Goryanskij , 1 969, 1'. rara Biernat, 1 973, 1'. forte Popov, 1975, 

1'. curvalum Holmer, 1986, and 1'. planum Holmer, 1 986, 

which are all nearly circular in outline and have a reduced 

dorsal pseudointerarea. The second group includes 1'. tor

yniferum Cooper, 1'. papillosum Krause & Rowell, 1 975, and 

1'. suecicum, which have a dorsal valve with a roughly trian

gular outline and a wide pseudointerarea. The division of 

the torynelasmatines ( sensu lata) into these two groups is 

first found in the Lower Ordovician ( Iower Arenig) of 

Baltoscandia (Holmer unpublished) . 

It is suggested that the two groups are not closely related, 

and that the similarities in the median sep turn points to a 

similarity in function, rather than to a common ancestry. 

The six species in the 'first group' of the torynelasmatines 

( sensu lato) are here referred to the new genus Biernatia 

within the new subfamily Biernatinae ( see below) ; the re

maining three species are retained within the restricted 

genus Torynelasma. 

Understanding of the type species 1'. toryniferum is com

plicated because Cooper illustrated two widely different 

types ofventral valves as belonging to the dorsal valve of this 

species. In his collections there are ( 1 )  numerous acutely 

conical valves that lack a pseudointerarea, and have a 

rounded posterior margin (Pl. 9C: I 0, 1 8E :31- 34) , and 
(2 )  one ventraI valve (only figured in posterior view by 

Cooper) with a clearly defined triangular pseudointerarea 
(28E : 1 6) . This obvious mistake was commented on by both 

Goryanskij ( 1 969, p. 7 1 )  and Krause & Rowell ( 1 975, p. 58) . 

In the view of these workers, only the first type of ventraI 

valve belongs to the type species. However, the reverse 

interpretation is suggested here. 

According to the description of Cooper ( 1 965, p .  258) , 

the dorsal valve of 1'. toryniferum has a ' shelflike area, short 

but wide ' that is clearly seen at the posterior margin in the 

iIlustrations of the holotype (Pl. 9C:9) . It is not clear how a 
dorsal valve with a wide and almost straight posterior mar

gin can be fitted to a ventraI vaIve whose posterior margin 
is ' convex in cross section and thus without a conspicuous 

pseudointerarea' (Cooper 1 956, p.  258) . Examination of 

the type specimens (M. G. Bassett, personal communica

tion 1 987) confirms the suspicion that the valves of the first 
type, do not fit to the dorsal valves illustrated by Cooper. 

Probably, the second type of ventraI valve ( 1 l 6825e; Pl. 

28E : 1 6) is the correct corresponding valve . However, this 

question clearly needs further study based on topotype 

material . 
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Torynelasma suecicum sp . nov. 
Figs. 28, 74A-L, 75A-K 

Name. - Latinized form of Sweden. 

Holotype. - Brl 28826, slightly broken dorsal valve, Fig. 28B, 

74D-F (W - 1 . 6 1 ,  L 1 . 1 5 ) , from the Ryd Limestone, Gull

hogen quarry ( sample GB84-3-59) , Vastergotland. 

Paratypes. - Figured; Brl 28829 (W 1 . 29, L 0.96) , Brl 28832 

(W 0.46, L 0 .37) , Brl 28828 (W 1 .40, L 0.95, H 0 .71 ) ,  

Brl 28833 (W 0.56, L 0.42, H 0.20; lost during SEM) , 

Br1 28830 (darnaged, sectioned) , Brl 28831 (W 0.39,  L 

0.29) . Total of 14  dorsal valves and 8 ventraI valves. 

Diagnosis. - VentraI valve with depressed apex, and wide, 

triangular pseudointerarea lacking interridge . VentraI in

terior with pedicle tube and forked median septurn. 

Description. - The valves average 75% as long as wide (Ta

bles 9 ,  10 ;  Fig. 74A, G) . The ventraI valve is about half as 

high as wide (Table 9) with a depressed apex; the highest 

point is somewhat anterior to the umbo (Fig. 741 ) . The 

ventraI pseudointerarea is wide and straight (Fig. 74G) , 

triangular in posterior view and lacks an interridge (Fig. 

74H) ; in lateral profile it is procline to almost catacline, 

with a slightly concave outline, whilst the anterior surface 

is strongly convex (Fig. 741) . The pedicle foramen is about 

0.05 mm wide (Fig. 74J) , and continues internally as a 

pedicle tube. The ventraI median septurn is forked (Fig. 

74L) . The ventraI interior has traces of a pair of cardinal 

muscle scars on the posterior wall .  In lateral profile the 

dorsal valve is strongly convex (Fig. 74B) , up to 1 0-15% as 

deep as wide with a straight posterior margin. The pseudo

interarea is well developed and wide, on average 1 1  % as 

long as wide (Table 10 ) , occupying up to more than 70% 

of the valve width ; the median groove is triangular and the 

propareas are wide and anacline (Fig. 74D-E) . The median 

septurn is high (HS/W ratio up to 40% ;  Table 10)  and long, 

occupying up to 80% of the valve length (Fig. 74D-E) . The 

surmounting plate is strongly concave , up to 0.30 mm wide; 

it is supported dorsally by a vertical median plate (Fig. 74F) . 

The dorsal cardinal muscle scars are generally raised, about 

haIf as long as wide (Table 10 ) . The valves are ornamented 

with closely spaced, concentric fila (Fig. 74A, G) . The larval 
shells on adult valves are poorly delineated, and generally 
smooth, whilst the larval shell on juvenile valves is pitted 
(Fig. 74C,J) , with circular pits up to l �m in diameter (Fig. 
74K, 60F) . 

Ontogeny. - The larval shell is relatively small (WL -0. 15 ,  LL 

-0 . 1 0) about 60-80% as long as wide; on both valves it is 

slightly bulbous; the ventraI, less than O . l  mm high (Fig. 

74C,J) . At the brephic stage (W O . 15-0 .46, L 0 . 1 0-0.37;  Fig. 

75A) an undivided dorsal pseudointerarea (WI ?-0.20,  LI 

?-0.03) is present, occupying about 40% of the total width 

(Fig. 75B, D) . The dorsal median septurn is a low triangular 

plate , which originates about 0 . 1 2  mm from the posterior 

margin and extends about 70-80% of the total length (Fig. 

75B) . The sep turn is less than 0 . 1 0  mm and about 0. 1 2  mm 

high, and has an up per septal rod (Fig. 75C) . The brephic 

ventraI valve is strongly procline, about 0 .20 mm high, and 
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Fig. 75. OA-K. Ontogeny of 'Tarynelasma suecicum sp. nov. ; Ryd Limestone (sample GB84-3-59) . DA. Exterior of a brephie dorsa! valve; 
Br 1 2883 1 ,  x90. DB .  Interior of A; x90. O C. Side view of B; x70. OD.  Detail of the pseudoin terarea of A; x300. DE.  Exterior of a juvenile dorsal 
valve; Br1 28832, x90 (see also Fig. 74C) . OF.  Detail of the ornamentation of the larval shell of E; x4200. O G. Interior of E; x90. OH.  Side 
view of G; x70. D I.  Exterior of ajuvenile ventrai valve; Br1 28833, x90 ( see also Fig. 74]-K) . OJ. Side view of I ;  x90. D K. Posterior view of ! ;  
x90.  DL. Interior of ajuvenile dorsal valve of Tarynelasma sp . ;  Holen Limestone (sample GB81 -0) ; Brl 32593, x90. 

is without recognizable interior structures. At the subse

quent neanic stage (W 0.46-0.93,  L 0.37-0.67; Fig. 75E) the 

dorsal pseudointerarea (Wl 0.20-0 .59, LI 0 .03-0.05) is wid

ened, extending about 40-60% of the valve width, and the 

propareas are forrned (Fig. 75G) . The neanic dorsal me

dian septurn (HS 0. 1 2-0. 36) forms a narrow (about 

0 . 1 0  mm wide) , flattened surmounting platform through 

the lateral thickening of the septal rod (Fig. 75G-H) . In 
some specimens there are traces of dorsal cardinal muscle 
scars (WM 0.34-0.56, LM 0.23-0.26) . The neanic ventrai 
valve (H 0.20-0.40) remains procline and lacks recogniz-

Fig. 74. DA-L. Tarynelasma suecicum sp. nov. ; Ryd Limestone (sam
ple GB84-3-59) .  DA. Dorsal exterior; Br 1 28829, x36. DB.  Side view 
of A; x36. OC. Dorsal larval shell; Brl 28832, x230. OD.  Holotype ;  
interior of  a dorsal valve; Brl 28826, x36. DE. Side view of D; x36. 
O F. Median septurn of D;  x89. OG. Ventrai exterior; Brl 28828, 
x36. OH. Posterior view of G; x36. DI. Side view of G; x36. OJ. 
Ventral larval shell; Br 1 28833, x230. D K. Detail of the ornamenta
tion of the larval shell of]; x2300. O L. Ventrai interior; Brl 28830, 
x75. D M-O. Tarynelasma sp. DM. Interior of a dorsal va!ve; Holen 
Limestone (sample GB81-0) ; Br1 32585, x36. ON. Ventrai exterior; 
Våmb Limestone ( sample GB84-Al ) ;  Brl 32556a, x36. DO.  Side 
view of N; x36. 

able interior structures (Fig. 75I-K) . The adult growth 

stage (W 0 .93-1 .6 1 ,  L 0.67-1 . 1 5 )  is reached when ( 1 )  the 

dorsal pseudointerarea occupies above 60% of the length 

of the valve, (2 )  the surmounting platform is above 

0 . 1 0  mm wide and strongly concave , and ( 3 )  the internal 

pedicle tube and median septurn of the ventrai valve (H 

0.40-0.71 ) are forrned ( see also Fig. 46) . 

Discussion. - T. suecicum is distinguished from previously 
described species mainly by the ventrai valve which has 

( 1 )  a recurved and depressed umbo, (2 )  an internal pedi

cle tube, and (3 )  a forked ventrai median septurn. How
ever, as mentioned above , the original description and 

illustrations of the ventrai valve of the type species are 

ambiguous. Only one of the two ilIustrated types of ventral 

valves (Cooper 1 956, Pl. 28E : 1 6) has a flattened, sharply 

delineated and triangular pseudointerarea, comparable 

with that of T. suecicum. It is assumed that this is the correct 

ventrai valve, but unfortunately the detailed morphology of 

this valve is not known. The ventraI valve of the second 

described species, the lower Whiterock T. papillosum 

Krause & Rowell ( 1 975) from Nevada, also has a ventrai 

valve with a well developed pseudointerarea. It differs from 

the Swedish species in having papillose ornamentation and 
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a flattened dorsal valve . The dorsal valve of T. suecicum is Table 9. Torynelasma suecicum sp. nov. , average dimensions and 

most similar to the Middle Ordovician T. cf. toryniferum ratios of ven tral valves. 

Cooper (Popov in Nazarov & Popov, 1 980) from Kazakh- W L L/W H H/W 

stan , but the ventrai valve of this species is not known . The 
GB84-3-59 

median septurn of the Kazakhstan species extends to about 
n 6 6 6 5 5 

90-1 00% of the total length (compared with about 80% in mean 0.76 0.56 74% 0.37 45% 
T. suecicum) . 0.350 0.220 4.355 0 .206 3 .633 

mm 0.39 0 .31  68% 0 . 1 7  41 % 
Occurrence. Torynelasma suecicum is only known from the Ryd max 1 .40 0.95 79% 0 .71  5 1 %  
Limestone of Vastergotiand (Fig. 8C) . 

Table 1 0. Torynelasma suecicum sp. nov. ,  ave rage dimensions and ratios of dorsal valves. 

W L L/W Wl LI 

GB84-3-59 
n 1 3  1 1  1 1  1 3  1 3  
mean 0.95 

0.422 
min 0 .39 
max 1 .66 

Torynelasma Sp. 
Figs. 74M-O, 75L 

0 .78 
0.289 
0.37 
1 . 30 

75% 0.57 0.06 
2.966 0.324 0.034 

72% 0. 1 1  0.02 
80% 1 .2 1  0 . 1 2  

Material. - Figured; Br1 32585 (darnaged) , Brl 32556a (W 

1 .41 , L 1 .04, H 0 .67) , Br1 32593 (W 0 .68,  L 0 .57) . Total of 2 

dorsal valves and l ventraI valve . 

Remarks. - The single well preserved ventrai valve appears 

to be more depressed than that of T. suecicum (Fig. 74N

O) . A single adult dorsal valve has a wide pseudointerarea 

and traces of a median septurn with surmounting platform 

(Fig. 74M) . A juvenile dorsal valve was also found (Fig. 

75L) . 

Occurrence. - This rare species occurs in 

Holen Limestone and the Våmb 

Vastergotland (Fig. 8A) . 

Genus Acrotretella Ireland, 1 96 1  

the uppermost 

Limestone of 

Type species. - Original designation; Acrotretella siluriana Ire
land, 196 1 ,  p. 1 1 39, from the upper Silurian of Oklahoma, 

U.SA. 

Diagnosis. - See Holmer ( 1 986, p .  1 1 9) .  

Discussion. - Holmer ( 1 986) briefly discussed the systematic 

position of Acrotretella and recorded an unnarned species 

from the upper Vim and lower Harju Series of 

Vastergotland and Ostergotland. The morphology of the 

ventrai valve, the larval ornamentation (Holmer 1986, Fig. 

9N) , and the camerate shell stmcture (Fig. 76E) appear to 

indicate that the genus is best placed among the toryne

lasmatines. 

Acrotretella Sp . 
Fig. 76 

Material. - Figured; Brl 2871 1 ,  Brl 28795. Total of 2 frag

mentary dorsal valves. 

LI/Wl WM LM LM/WM LS BS HS 

1 3  7 7 7 1 3  1 3  9 
1 1 %  0 .75 0.37 49% 0.62 0 . 14  0 .3 1  
2 .931 0 .296 0. 1 20 5.057 0 .272 0 .055 0 . 1 98 
8% 

18% 
0 .34 0.23 44% 0.26 0 . 1 1  0 . 1 0  
1 . 2 1  0.54 59% 1 . 1 6  0.23 0 .65 

Remarks. - The ventrai valve is unknown. The dorsal pseu

dointerarea is wide and long, with a well developed median 

gro ove and anacline propareas (Fig. 76C-F) . The median 

sep turn is low and poorly deve\oped in one of the speci

mens (Fig. 76C-D) ; in the other the septurn is high and has 

a well developed, concave surmounting platform (Fig. 

76F) . The larval shell is poorly delineated, but apparently 

nearly circular and about 0 . 15  mm in diameter, with a 

bulbous central node (Fig. 76B) ; the larval pitting is not 

preserved. The valves are ornamented with concentric fila 

(Fig. 76A) . This is the third record of the genus as a whole 

and the second from the Ordovician . 

Occurrence. - This rare species was on ly found in the Dalby 

Limestone in Dalarna (Fig. 10 ) . 

Subfamily Linnarssoniinae Rowell, 1 965 
Genus Aktassia Popov, 1 976 
Type speeies. - Original designation; Aktassia triangularis 

Popov, 1 976, from the Middle Ordovician (Llandeilo-Car

adoc) Bestamak Formation, Chingiz Range, Kazakhstan, 

U.S.S.R. 

Diagnosis. - See Popov ( in Nazarov & Popov 1 976, p .  37) . 

Aktassia cf. triangularis Popov, 1 976 
Fig. 77 

Synonymy. - Dv cf. 1 976 Aktassia triangularis Popov, sp . nov. 

- Nazarov & Popov, p .  37, Pl .  3 :4-7. 

Material. - Figured; Brl 32645 (W 0.3 1 ,  L 0 .34) , Brl 32646 

(W 0.32,  L 0 .37) , Br1 32788 (W 0.28, L 0.31 , H 0 . 1 2) . Total 

of 2 dorsal and l ventrai valve . 

Diagnosis. - See Popov ( in Nazarov & Popov 1976, p. 37) . 
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Fig. 76. Acrotretella sp. DA. Dorsa! exterior; Dalby Limestone (sample D60-1 60) ; Br1 2871 1 ,  xl 07. DB. The larval shell of A; x257. DC. Interior 
of A; x92. OD.  Oblique anterior view of the spoon-like median septum of B; x357. DE. Detail of the interior of A, showing the camerate shell 
structure of the secondary layer; x 1 286. O F. Side view of the interior of a dorsal valve; note the high spoon-like median septum; Dalby 
Limestone (sample D59-35) ;  Brl 28795, x71 .  

Fig. 77. Aktassia cf. triangularis Popov, 1 976 DA. Dorsal exterior; Gullhogen Limestone ( sample GB84-1-1 3 ) ; Brl32645, x 1 67. D B .  Interior of 
a dorsal valve; Gullhogen Limestone (sample GB84-1-1 3 ) ;  Br1 32646, x1 67. D C. Side view of B;  x 155. OD.  Ventrai exterior; Gullhogen 
Limestone (sample GB84-2-25) ; Brl 32788, x1 89. DE. Side view of D; x232. 
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Fig. 78. DA-C . Myotreta dalecarlica sp. nov.; Furudal Limestone (sample D60-220) ; Br1 28800. DA. Side view of the shell ;  x90. D B. Detail of A, 
showing an external view of the commissure ; x430. De. Detail of A, showing an interior view of the commissure; x500. DD-E. Detail of a 
sagittal section through a complete shell of Ephippelasma minutum Cooper, 1956; Furudal Limestone (sample DLK83-fur-1 6) ; Br1 32430b. OD.  
Posterior portion of  the shell, showing the commissure ; x410 .  DE. Anterior portion of  the shell, showing the commissure; x1 370. 

Description. - The valves are elongated and oval in outline 
(Fig. 77C-D) , on average 89% as wide as long. The single 

ventrai valve is about 43% as high as wide, and strongly 
apsacline .  The ventrai interior lacks recognizable struc
tures (Fig. 77D-E) . The dorsal pseudointerarea is minute 

and lacks a median groove . The dorsal median septurn is 

low and originates about 0. 1 3  mm from the posterior mar

gin; it occupies about 90% of the total length of the valve 

(Fig. 77B-C) . The valves are ornamented with faint fila 

(Fig. 77A, D) . 

Remarks. - The morphology of the Swedish specimens 

agrees closely with the Middle Ordovician material of A. 

triangularis from Kazakhstan (Nazarov & Popov 1976, Pl .  

3 :4-7) . The present material includes three juveniles, and 

the identification at the specific leve! is uncertain . The 

main difference between the Swedish and Kazakhstanian 

specimens is the lack of a median groove in the dorsal 

pseudointerarea of A. cf. triangularis. This is only the sec

ond record of Aktassia. 

Occurrence. - In Vastergotland Aktassia cf. triangularis occurs 
in the Gullhogen Formation (Fig. 8B) . 

Subfamily Ephippelasmatinae Rowell, 1 965 

Diagnosis. - See Holmer ( 1 986, p .  1 1 2) .  

Genera assigned. - Pomeraniotreta Bednarczyk, 1 986; in addi

tion to the genera listed by Holmer ( 1 986, p. 1 1 2 ) . 

Discussion. - A short review of previous works dealing with 

ephippe!asmatines was given by Holmer ( 1 986, p.  1 1 2) .  

Bednarczyk ( 1 986) described the Lower Ordovician Pome

raniotreta (= the unnarned acrotretacean in Poulsen 1971 , 

Pl. 1 : 1-2, 2 : 1 ) ,  which he referred to the torynelasmatines. 

However, this assignment is not supported here. Following 

Biernat ( 1 973, p. 8 1 )  and Holmer ( 1 986, p. 1 1 2 )  this genus 

is included in the Ephippelasmatinae (which includes the 

subfamily Myotretinae Biernat, 1973) . 

In comparison with other acrotretaceans the ephippe

lasmatines have a comparatively high frequency of articu-
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lated shells; about l % of the total num ber of specimens of 

Numericoma perplexa and Ephippelasma minutum is repre

sented by articulated shells. This is probably due to the well 

developed 'articulation ' in the ephippelasmatine shells, 

where the flat dorsal valve funetions as an 'opereulum' .  In 

a closed shell, the anterior eommissure is sunk into the 

ventrai valve (Fig. 78A, E) . The dorsal pseudointerarea fits 

snugly to the ventrai valve (Fig. 78B- D) . 

Genus Myotreta Goryanskij , 1 969 

Type species. - Original designation; Myotreta crassa Goryan

skij , 1 969, p. 67, from the upper Kundan Stage in the 

Peehory core (479 . 1  m) , Pskov distriet, Russia, U.S.S.R. 

Diagnosis. - See Biernat ( 1 973, p .  80) . 

Species assigned. - Myotreta crassa Goryanskij , 1 969; M. estoni

ana Biernat, 1973; ? M. goryansky Bednarezyk, 1 986; M. dale

carliea sp. nov. ; M. orensis sp . nov. 

Discussion. - Species of Myotreta are eommon in the Lower 

and Middle Ordovieian of Baltoseandia. Their main dis

tinetion from Numericoma Popov, 1 980, and Ephippelasma 

Cooper, 1 956, is in the more eomplex morphology of the 

median septurn in the latter two genera. However, in on

toge ny the saddle-shaped spinose median septurn of �phip

pelasma and Numericoma originates as a simple, flat plate 

with a triangular lateral profile .  The step from a simple 

sep turn, like that of Myotreta, to a laterally folded septurn, 

as in Ephippelasma and Numericoma, is not great; in M. 

estoniana Biernat ( 1 973, Fig. 30) , there is a tendeney to 

form lateral folds. Myotreta is similar to Rhinotreta Holmer, 

1 986, and Veliseptum Popov, 1 976 ( see Popov in Nazarov & 

Popov 1976 and Holmer 1 986 for a eomparative diseus

sion) . The deseribed species of Myotreta and Rhinotreta are 

eompared in Fig. 85. 

Myotreta aff. crassa Goryanskij , 1 969 
Figs. 79, 81A-B, 85 

Synonymy. - Dv aff. 1 969 Myotreta crassa Gorjansky sp. nov. -

Goryanskij , Pl. 1 1 : 1 0-27. 

Material. - Figured; Br1 28842 (W 0.65, L 0.54) , Brl 28841 
(W 0.63, L 0.54) , Br1 28844 (darnaged) , Br128845 (dam

aged) , Brl 28843 (W 0.39, L 0 .34) . Total of 23 dorsal and 
22 ventrai valves .  

Description. - The valves average 82% as long as wide (Table 
I l ;  N=7) . The ventrai valve is approximately 70% as high as 
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wide; in lateral profile i t  is reeurved and has a slightly 

depressed apex (Fig. 79H) . The ventrai pseudointerarea is 

poorly defined, eatacline to slightly apsacline with an inter

trough (Fig. 79H-I) . The pedicle foramen is up to 0.02 mm 

wide (Fig. 79]) ; it eontinues interiorly as a short pedicle 

tube , the anterior edge of whieh is sharply pointed; the 

tube is buttressed by a short median septurn (Fig. 79K) . 

The dorsal pseudointerarea averages 1 6% as long as wide 

(Table 1 1 ;  Fig. 79D) , oecupying 43% (OR 33-55%;  N=6) of 

the total width . The median gro ove is well developed, and 

the propareas are short and anacline (Fig. 79D-F) . The 

dorsal median septurn is moderate\y high; the HS/W ratio 

is about 30% in one valve (Fig. 79E) . It originates around 

0 . 1 3  mm from the posterior margin (Table 1 1 ) ,  and ex

tends 80% of the total length of the valve (OR 69-85% ;  

N=7; Fig. 79D ) . The dorsal cardinal muscle scars are about 

67% as long as wide, and originate during the late adult 

stage (W 0.60-0.70, L 0 .50-0 .60) . The larval shell is sharply 

delineated and nearly cireular (WL 0. 1 6, LL 0 . 1 6; N=6; Fig. 

79B, J) . The dorsal larval shell has a distinet subcentral 

node in lateral profile; it is ornamented with circular pits, 

up to 3 11m in diameter (Fig. 79C) . The valves are or

namented with regularly spaeed, concentrie fila, up to 

0.05 mm apart (Fig. 79A, G) . The ontogeny is not known 

in detail, but it appears to be closely related to that of M. 

dalecarliea; the dorsal valve of the brephie and neanic stages 

(W 0 . 16-0 .39, L 0. 1 6-0.34; Fig. 81A) has a pseudointerarea 

(WI ?-0 . 15 ,  LI ?-0.02) , but a median septurn is missing (Fig. 

8 1B) . 

Discussion. - M. crassa Goryanskij ( 1 969, Pl. 1 1 : 1 0-27; some 

topotypic specimens were kindly supplied by G. Biernat) 

from the Pskov district differs from the Swedish speeimens 

mainly in that have ( l )  a strongly apsacline ventraI valve, 
( 2) a pair of well developed cardinal muscle scars, whieh 

are present already in the juvenile growth stage , and (3) a 

dorsal median septurn with two septal rods. Moreover, the 

maximum size of the Russian specimens appears to be 

smaller than that of M. aff. crassa. Some speeimens of M. 

crassa from the Volkhovian Stage at Paldiski, Estonia, illus

trated by Goryanskij ( 1 969, Pl. 1 1 :26-27) appear to differ 

from the type specimens. However, the Estonian material 

is similar to the Swedish speeimens in having less weU 

developed dorsal cardinal muscle scars, and an almost 
eatacline ventraI valve. 

Occurrence. - Myotreta aff. crassa is restrieted to the Holen 

Limestone of Dalarna (Fig. 9A) . In Jamtland there is a 

questionable oecurrenee from the same unit ( sample J69-

28) . 

Table 1 1. Myotreta aff. crassa Goryanskij , ave rage dimensions and ratios of dorsal valves. 

W L L/W Wl LI LI/Wl LS BS 

DLK84-hol-25 
n 6 6 6 9 9 8 8 8 
mean 0.49 0.40 82% 0.24 0.04 1 6 %  0.37 0. 1 3  

0 . 1 1 0 0.087 3.077 0.069 0 .010 4.970 0.088 0.027 
min 0 .34 0.29 79% 0. 1 2  0.02 1 1 %  0.25 0 .09 
max 0 .60 0 .51  86% 0.33 0.05 25% 0.48 0. 1 7  
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Fig. 79. Myotreta aff. crassa Goryanskij , 1969; Holen Limestone (sample DLK84-hol-25) . DA. Dorsal exterior; Brl 28842, x80. DB.  The larval 
shell of A; x185 .  DC.  The larval ornamentation of A; x1 200. OD.  Interior of a dorsal valve; Br 1 2884 1 ,  x80. DE. Side view of D;  x80. OF.  The 
pseudointerarea of D; x185.  O G. Ventrai exterior; Br 1 28844, x80. OH. Side view of G; x80. DI. Posterior view of G; x80. DJ. The larval shell 
of G; x 185. D K. Stereo-pair; interior of a ventrai valve, showing the pedicle tube and traces of a median septum; Brl 28845, x150. 

Myotreta dalecarliea Sp . nov. 
Figs. 31 ,  47J, 78A-C, 80, 81 C-F, 85 

Name. - Latinized form of Dalarna. 

Holotype. - Br1 28924, complete dorsal valve, Fig. 80C (W 

0 .60, L 0.50) , from the Kårgarde Limestone, Kårgarde 

section ( sample DLK83-segk-3) ,  Dalarna. 



FOSSILS AND STRATA 26 ( 1 989) Ordovician inarticulate brachiopods from Sweden 1 1 5  

Fig. 80. Myotreta dalecarliea sp. nov. DA. Oorsal exterior; Kårgarde Limestone (sample OLK83-segk-6) ;  Br1 28909, x80. DB.  Posterior view of a 
dorsal larval shell; Furudal Limestone (sample 060-222) ; Br1 28643, x250. OC.  Holotype; interior of a dorsal valve; Kårgarde Limestone 
( sample OLK83-segk-3) ;  Brl 28924, x80. DO. Side view of C; x80. DE. Stereo-pair; dorsal interior; Furudal Limestone (sample 060-221 ) ;  
Br1 28778, x80. OF.  Posterior view of a dorsal pseudointerarea; Furudal Limestone (sample 060-220) ; Br1 2880 1 ,  x206. O G. Exterior of a 
ventrai valve; Vikarby Limestone ( sample OLK83-segv-3) ;  Brl 28973, x80. OH.  Side view of a juvenile ventrai valve; Kårgarde Limestone 
(sample OLK83-segk-6) ; Br128910 ,  x80. DI. Posterior view of the larval shell of H;  x250. OJ. Stereo-pair; ventrai interior; Furudal Limestone 
(sample 060-222) ; Brl 28648, x 1 35 .  

Paratypes. - Figured; Brl 28800 (W 0.59, L 0.45) , Br1 33609h 

( seetion) ,  Brl 28908 (W 0.64, L 0.50) , Br1 28909 (W 0.53, L 

0 .43) , Brl 28643 (W -0.59, L 0 .48) , Brl 28778 (W 0.65, L 

0.53) , Brl 28801 (W 0.82, L 0.68) , Brl 28973 (W 0.5 1 ,  L 

-0 .40, H 0.36) , Brl289 1 0  (W 0.5 1 ,  L 0.39,  H 0.28) , 

Brl28648 (damaged) ,  Brl 289 1 3  (W 0.43, L 0.37) , 

Br1 289 1 2  (W 0.3 1 ,  L 0.28) , Br1 28967 (W 0 .34, L 0.28,  H 

0. 1 6) .  Total of 761 dorsal valves and 252 ventrai valves. 
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Fig. 81. DA-B. Juvenile dorsal valve of Myotreta aff. crassa Goryanskij .  1969; Holen Limestone (sample DLK83-hol-25) . DA. Dorsal exterior; 
Br1 28843, x1 1 7. DB. Interior view of A; xl 1 7. DC-F. Myotreta dalecarlica sp. nov. De. Interior of ajuveniJe dorsal valve; Kårgårde Limestone 
(sample DLK83-segk-6) ;  Br1 289 1 3, x 1 1 7 . OD .  Side view of the interior of a dorsal valve; Kårgårde Limestone (sample DLK83-segk-6) ;  
Brl 28912 ,  x1 1 7. DE.  Exterior of ajuvenile ventrai valve; Kårgårde Limestone (sample DLK83-segk-6) ;  Brl 28910 ,  x l02 (see also Fig. 80H-I) . 
OF. Oblique posterior view of a compJete juveniJe valve; Skårl6v Limestone (sample DLK83-så-4) ;  Brl 28967, x1 1 7. 

Diagnosis. - Ventrai valve with flattened pseudointerarea, 

procline to catacline and laeking intertrough. Ventrai inte

rior with pedicle tube; low and bifurcating median septurn 

along anterior surface .  Dorsal valve with wide pseudointer

area. 

Description. - The valves average 85% as long as wide (OR 

75-96% ; N=46; Table 1 2 ) ; the ventrai valve 54% as high as 

wide (OR 47-65% ;  N=4; Fig. 80H) . In lateral profile the 

ventrai pseudointerarea is flattened, procline to slightly 

catacline; there is no intertrough (Fig. 80G, I ) . The pedicle 

foramen is about 0.02 mm in diameter (Fig. 801) , contin
ued internally as a pedicle tube with a triangular cross-sec
tion (Fig. 80J) . There is a low, bifurcating median septurn 
along the anterior wall (Fig. 80J) . The dorsal pseudointer

area is wide, occupying 47% of the total width of the valve 

(OR 30-61 % ;  N=44; Table 1 2 ;  Fig. 80C, E) and averaging 
17% as long as wide (OR 8-26% ; N=44; Table 1 2 ) ; it has a 

deep median groove and a pair ofwide, anacline propareas 

(Fig. 80F) . The dorsal median septurn originates on aver

age 0 . 1 6  mm from the posterior margin (Table 1 2) ,  and 

extends about 71 % of the total length (OR 56-92%;  N=37) ; 

it is moderate!y high, with a maximum HS/W ratio of 27% 

(N=20; Table 1 2) ,  and has a single upper septal rod (Fig. 

80D) . A few large, possibly gerontic, dorsal valves have a 

pair of cardinal muscle scars (LM/WM ratio on average 
76% ; N=2) . The larval shell is ornamented with pits, identi

cal to those of M. aff. crassa. The dorsal larval shell has a 
distinet subcentral node and an elevated outer rim (Fig. 
80B) . The posterior edge of the larval shell is not covered 
by the dorsal pseudointerarea (Fig. 80B, F) . The shell 

structure is described above (p .  47, Fig. 31 ) .  

Table 12. Myotreta dalecarlica sp. nov. , average dimensions and ralios of dorsal valves. 

W L L/W WI LI LI/WI WM LM LM/WM LS BS HS 

DLK83-segk-2, 3,  6 
n 26 26 26 26 26 26 l 22 22 1 4  
mean 0.47 0.40 85 % 0.22 0.04 1 7% 0.43 0 .31  72% 0.29 0 . 1 6  0 .05 

0.080 0.078 4.877 0.059 0 .01 5 4.3 1 0  0.072 0.027 0 .042 
min 0.29 0.26 75% 0.09 0.02 8% 0 . 1 7  0 . 14  0.02 
max 0.62 0.54 96% 0.33 0.06 26% 0.43 0 .22 0. 1 7  

D60-221 
n 1 8  18  1 8  1 8  1 8  18  l 1 5  1 5  6 
mean 0.49 0.41 85 % 0.24 0.04 17% 0.43 0.34 79% 0.30 0 . 1 5  0. 1 5  

0. 1 1 6  0.091 3 .466 0.077 0 .014  3.548 0.075 0 .015 0.037 
min 0.29 0.26 80% 0. 1 1  0.02 1 1 %  0 . 19  0 . 14  0 . 1 1  
max 0.67 0.54 93% 0.36 0.06 25% 0.42 0 . 19  0 .20 
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Remarks on ontogeny. - The larval shell is almost circular (WL 
0 .20, LL 0 . 19 ;  N=12 ;  Fig. 80B, I )  and like that of M. aff. 

crassa. The brephie and neanic stages (W 0.20-0.42, L 

0 . 1 9-0 .34; Fig. 8 1 F) have a dorsal pseudointerarea (WI 
?-0 . 14, LI ?-0.02) but lack a dorsal median septum (as in 

M. aff. crassa; Fig. 8 1B) . The brephic and neanic ventrai 

valve (H 0.08-0.20) is slightly proeline . In the adult stage 

(W 0.42-0.67, L 0.34-0 .54) the dorsal pseudointerarea is 

widened (WI 0. 14-0.36, LI 0.02-0.06) and the median 

septum is formed. The dorsal cardinal musele scars were 

first formed during the late adult (or gerontic) growth 

stage . 

Discussion. - Myotreta dalecarliea is similar to M. aff. crassa 

Goryanskij , but differs from this species in having ( l )  a 

bifurcating ventrai median septum, (2 )  a well developed 

ventrai pseudointerarea, and (3 )  in laeking a ventrai inter

trough. Moreover, the dorsal pseudointerarea is propor

tionally somewhat wider in M. dalecarliea (Fig. 85) . 

Occurrence. - M. dalecarliea is a common and long ranging 

speeies in Sweden. In Dalarna, it appears in the Segerstad 

Limestone and ranges up into the lower Dalby Limestone 

(Figs. 9 ,  10 ) . On Oland it occurs in the lowermost Seger

stad Limestone; inJamtland it is recorded from the Skarlov 

Limestone (samples J70-1 65-1 67, J69-37-38, 40-43) .  It is 

rare in Vastergotland, but is known from a few horizons 

within the Ryd Limestone, and there are a few questionable 

occurrences from the lower Gullhogen Formation and the 

lower Dalby Limestone (Fig. 8B-C) . 

Myotreta orensis Sp . nov. 
Figs. 82, 84, 85 

Name. - From Ore parish, in which the Fjacka section is 

situated. 

Holotype. - Br1 28708, complete dorsal valve, Fig. 82A-C (W 

0.56, L 0 .51 ) ,  frbm the Dalby Limestone, Fjacka section 

( sample D60-204) , Dalarna. 

Paratypes. - Figured; Brl 32501 (W 0.59, L 0.48) , Brl 32549 

(W 0.73, L 0.64) , Brl 33044 (damaged) , Brl 33043 (W 0.62, 

L 0.50) , Brl 32953 (W 0.45, L 0 .39) , Brl 33031 (W 0.57, L 
0.43,  H 0.45) , Brl 32973 (W 0.43, L 0.37,  H 0 .33) , Brl 33049 
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( W  0.29, L 0.26) . Total of 423 dorsal valves and 6 7  ventrai 

valves. 

Diagnosis. - Outline of valves oval to circular. Dorsal pseu

dointerarea narrow and long. Dorsal cardinal musele scars 

well developed and long. Median septum of variable 

height, low to high . Ventrai valve cataeline to slightly apsa

eline, laeking well defined pseudointerarea and inter

trough. Ventrai interior with long pediele tube. 

Description. - The valves are very variable in outline ,  on 

ave rage 90% as long as wide (OR 75-l O3% ;  N=60; Table 

13 ) . The ventrai valve is slightly less than 80% as high as 

wide in two speeimens, with the highest point slightly ante

rior to the umbo. The pseudointerarea is poorly defined 

and lacks an intertrough. In lateral profile the ventrai 

pseudointerarea is flattened, cataeline to slightly apsaeline 

(Fig. 82M) . The interior pediele tube is long (Fig. 820) . 

The morphology of the dorsal valve is very variable. The 

dorsal pseudointerarea is narrow and long, 21 % as long as 

wide (OR 1 2-35 % ;  N=58; Table 13 ) , extending to 43% of 

the total width (OR 29-50% ;  N=58) . The median gro ove is 

wide and deep; the propareas are narrow and anaeline 

(Fig. 82B-C, G-K) . The dorsal median septum is very low 

to very high (average HS/W ratio 29%;  OR 8-57%;  N=10) , 

and has an upper septal rod (Fig. 82C, H, K) ; the septum 

originates about 0. 14  mm from the posterior margin, and 

extends to 74% of the total length (OR 61-86% ; N=53; 

Table 13; Fig. 82B, G, I-J) . The dorsal cardinal musele scars 

are well developed, 86% as long as wide (OR 55-1 00% ;  

N=1 8; Table 13 ) ; they occupY over half o f  the total length 

(average LM/L ratio 64% ; OR 51-72 % ;  N=18 ;  Fig. 82G, J) .  

The valves are ornamented with concentric fila (Fig. 82D, 

L) . The larval shell is sharply delineated, and nearly circu

lar, about 0 . 1 7-0 .20 mm in diameter, with pits identical to 

those of M. aff. crassa (Fig. 82E-F) . The ontogenetic devel

opment is not known in detail, but appears to be more or 

less like that of M. dalecarliea; the brephie stage (W 0.20-

0.36, L 0.20-0.33) lacks a median septum but has a minute 
pseudointerarea (WI ?-0 . 14, LI ?-0.03; Fig. 84A) . 

Discussion. - Myotreta orensis is similar to M. dalecarlica and 

the distinetion between these two speeies is not always elear 

when dealing with juveniles and small assemblages. M. 

orensis differs from M. dalecarliea in having ( l )  a su bcircular 

Table 13. Myotreta orensis sp. nov. , average dimensions and ratios of dorsal valves. 

W L L/W WI LI LI/WI WM LM LM/WM LS BS 

GB84-3-83 
n 1 8  1 8  1 8  1 8  18  1 8  1 4  1 4  
mean 0.40 0.35 88% 0. 1 6  0.03 20% 0.26 0 . 14  

0.065 0.045 4.722 0.033 0.009 4. 1 05 0.030 0.0 1 3  
min 0.23 0.22 78% 0.09 0.02 12% 0.20 0. 1 2  
max 0.54 0.42 96% 0 . 19  0.05 26% 0.29 0. 1 6  

DLK83-dal-19 ,  22, 23, 27 
n 1 8  1 8  1 8  1 8  18  1 8  9 9 9 18  1 8  
mean 0.49 0.44 90% 0.22 0.05 2 1 %  0.37 0.30 82% 0.34 0. 1 4  

0.060 0.060 6.638 0.031 O.oI 5  5.860 0. 034 0.038 1 2 .474 0.050 0.0 1 3  
min 0.36 0.29 80% 0. 1 6  0.02 12% 0 .31  0 .22 55% 0.22 O. l l  
max 0.59 0 .51  103% 0 .26 0.06 35% 0.42 0.33 94% 0.40 0. 1 6  
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Table 1 4. Rhinotreta davidi sp. nov. , average dimensions and ratios of dorsal valves. 

W L L/W WI 

D60-1 85, 1 65, 157 
n 1 8  18  1 8  18  
mean 0.40 0.39 97% 0. 1 7  

0.071 0.060 5.079 0.034 
min 0.25 0.26 86% 0. 1 1  
max 0.54 0.51 1 1 0% 0.23 

DLK83-dal-32 
n 1 8  1 8  1 8  18  
mean 0.42 0.40 95% 0.20 

0.066 0.056 4.221 0.034 
min 0 .29 0.28 89% 0. 14  
max 0.54 0.48 1 02% 0 .26 

outline, (2 )  a long and narrow dorsal pseudointerarea, and 

( 3) a pair of well defined and long dorsal cardinal muscle 

scars. Moreover, M. orensis lacks a well defined ventraI 

pseudointerarea, as well as a ventraI median septurn; the 

morphology of the dorsal valve is more variable in outline, 

as are the relative height and length of the median septurn. 

Occurrence. - Myotreta orensis is known from the uppermost 

Ryd Limestone and lower Dalby Limestone of VasteFgot

land, (Fig. 8C-D) . In Dalarna it is restricted to the lower 

Dalby Limestone (Figs. 9B-C, 1 0) . 

Genus Rhinotreta Holmer, 1 986 

Type species. - Original designation; Rhinotreta muscularis 

Holmer, 1986, p. 1 1 3 ,  from the upper Viru (Middle Ordovi

cian) unnarned 'unit A' ,  Gullhogen quarry ( section 5 in 

Fig. 2) , Vastergotland. 

Diagnosis. - See Holmer ( 1 986, p. 1 1 3) . 

Species assigned. - Rhinotreta museularis Holmer, 1986; R. 

davidi sp. nov. 

Rhinotreta davidi Sp. nov. 
Figs. 83, 84B-F, 85 

Name. - Mter my son David. 

Fig. 82. Myotreta orensis sp.  nov. DA. Holotype;  dorsal exterior; 
Dalby Limestone (D60-204) ; Brl 28708, x 1 00. DB. Interior of A; 
x ]OO. De. Side view of A; x100. OD .  Exterior of a dorsal valve; 
Dalby Limestone ( sample DLK83-dal-10) ; Brl 3250 1 ,  x80. DE.  The 
larval shell of D;  x250. O F. Ornamentation of the larval shell of D; 
x1 200. OG. Interior of a dorsa] valve; Dalby Limestone (sample 
DLK83-dal-16) ; Br1 32549, x80. OH. Side view of G; x80. DI. Dorsal 
interior; Dalby Limestone (sample GB84-3-81 ) .  Brl 33044, x80. DJ. 
Interior of a dorsal valve; Dalby Limestone (sample GB84-3-81 ) ;  
Brl 33043, x80. DK. Side view of the interior of a dorsa] valve; Dalby 
Limestone (sample DLK83-dal-18) ; Brl 32953, xl00.  D L. VentraI 
exterior; Dalby Limestone (sample GB84-3-73) ; Brl 3303 1 ,  x80. 
DM. Side view of L; x80. ON. Posterior view ofL; x80. DO. Interior 
of a ventral valve, showing the pedicle tube; Dalby Limestone 
(sample DLK83-dal-26) ; Br1 32973, x80. 

LI LI/WI WM LM LM/WM LS BS 

1 8  1 8  4 4 4 I l  I l  
0 .05 28% 0.28 0.26 94% 0.27 0 . 14  
0 .01 2 7 .733 0.042 0.024 I l .  705 0 .047 0 .01 6 
0.02 14% 0.25 0 .23 82% 0.20 0. 1 2  
0.06 50% 0.34 0.28 1 08% 0.36 0. 1 7  

1 8  1 8  1 0  1 0  1 0  ] 7  1 7  
0 .05 24% 0.32 0 .27 85% 0 .31  0 . 15  
0 .01 1 4.9 ] 4  0.040 0.035 7.01 1 0 .040 0 .01 3 
0.02 14% 0.26 0.22 72% 0.26 0. 1 2  
0.06 3 1 %  0.37 0.31 97% 0.43 0. 1 6  

Holotype. - Brl 28707, slightly damaged ventraI valve, Fig. 
. 
83J-M (W -0.36,  L -0.36, H -0.36) , from the Dalby Lime

stone, Fjacka section ( sample D60-1 53) , Dalarna. 

Paratypes. - Figured; Brl 32999 (W 0.53, L 0 .49) , Brl 32988 

(W 0.37, L 0 .36) , Brl3301 3  (W 0.43,  L 0 .40, H 0 .39) , 

Br1 33019  (W 0.39, L 0 .39,  H 0.40) , Brl 32991 (W 0.28,  L 
0 .29) , Br1 330 1 2 (W 0 .3 1 ,  L 0.28) , Brl 33000 (W 0.43, L 

0 .40) , Br1 330 1 6  (W 0.60, L 0 .5 1 ) ,  Brl 330 1 4  (W 0.20, L 
0 .20) . Total of 732 dorsal valves, 98 ventraI valves and l 

complete shell. 

Diagnosis. - Valves of subquadrate outline, almost as long as 
wide. VentraI valve almost as high as wide, with short exte

rior and long interior pedicle tube. VentraI pseudointer

area poorly defined, with intertrough. 

Description. - The valves have a generally subquadrate out

line, on average 96% as long as wide (OR 86--1 10% ;  N=38; 

Table 14) , but it is variable (Figs. 83A, 84B, E) . The ventraI 

valve is about as high as wide (Fig. 83N) , apsacline to 

catacline , and has a poorly defined pseudointerarea (Fig. 

831, K, M) with a well developed intertrough (Fig. 83E) . 

The exterior pedicle tube is short (Fig. 83H, J, L) , posteri

orly inclined (Fig. 831, M) , and continues as a long internal 

pedicle tube. The dorsal pseudointerarea is narrow and 

long, 26% as long as wide (OR 14-50% ;  N=36; Table 1 4) 
and occupying 44% of the total width of the valve (OR 

31-56%;  N=36) . The median gro ove is well developed and 
the propareas are short and anacline (Fig. 83D ) . In lateral 

profile the median septurn is low and ridge-like ; it origi

nates about 0 . 15  mm from the posterior margin (Table 14)  
and extends to 71  % of the total length (OR 58-84% ; N=28; 

Fig. 83B-C) . The dorsal cardinal muscle scars are well 

developed, of oval shape, and 88% as long as wide (OR 

72-1 08% ;  N= 1 4; Table 1 4) ;  they form 70% of the total 

length (OR 58-96% ; N=1 4; Fig. 83B) . The valves are or

namented with evenly spaced growth lines (Fig. 83A, H) . 

The larval shell is sharply delineated (Fig. 83F, L) . The 

larval pits are similar to those of Myotreta aff. crassa (Fig. 

83G) . The dorsal larval shell has a subcentral node and an 

elevated outer ridge (Fig. 83E) . The posterior part of the 

ridge is not covered by the dorsal pseudointerarea (Fig. 

83D) . 



1 20 Lars E. Holmer FOSSILS AND STRATA 26 ( 1989) 

Fig. 83. Rhinotreta davidi sp. nov. DA. Exterior of a dorsal valve; Dalby Limestone (sample DLK83-dal-36) ; Br1 32999, xl OO. DB.  Interior of A; 

x I OO. De. Side view of B; xIOO. OD. Detail of the pseudointerarea of e; x3S0. DE. Oblique posterior view of a damaged complete shell; Dalby 
Limestone (sample DLK83-dal-33) ; Br1 32988, xIOO.  OF. The larval shell of E; x200. OG. Ornamentation of the larval shell of E; x800. OH.  
Exterior of  a ventral valve; Dalby Limestone (sample DLK83-dal-39) ;  Brl 330 1 3, x lOO. DI .  Side view of  H;  x IOO. OJ. Holotype; exterior of  a 
ventrai valve; Dalby Limestone (sample D60-IS3) ; Brl 28707, xIOO. DK. Posterior view of]; xlOO. DL. The larval shell of]; x200. DM.  Side 
view of]; xlOO. ON. Posterior view of a complete shell; Dalby Limestone (sample DLK83-dal-4I ) ;  Brl33019 ,  x IOO. 
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Fig. 84. DA. Interior of a brephic dorsal valve of Myotreta orensis sp. 
nov. ; Dalby Limestone (sample GB84-3-83) ; Brl 33049, x1 l 7. DB
F. Ontogeny of Rhinotreta davidi sp. nov. DB.  Exterior of a brephic 
dorsal valve; Dalby Limestone (sample DLK83-dal-34) ; Brl 3299 1 ,  
x1 l7 .  DC.  Interior o f  a brephic dorsal valve; Dalby Limestone 
(sample DLK83-dal-39) ; Brl330 1 2, x l 1 7. OD. Interior of ajuvenile 
dorsal valve; Dalby Limestone (sample DLK83-dal-36) ; Brl 33000, 
x102.  DE. Dorsal interior; Dalby Limestone (sample DLK83-dal-
39) ; Brl 3301 6, x83. O F. Exterior of a ventral larval shell; Dalby 
Limestone (sample DLK83-dal-39) ;  Br133014,  x240. 

Remarks on on/ogeny. - The larval shell is almost circular (WL 
0.20, LL 0 .20) . The ventrai one (H 0.09) lacks an interior 
pedicle tube (Fig. 84F) . The brephic dorsal valve (W 0 .20-
0.36, L 0.20-0.34) has a minute pseudointerarea (WI ?-
0 . 19 ,  LI ?-0.04) . The low median septurn (LS ?- 0.26, BS 
?-0 . 14; Fig. 84B-C) is forrned during the neanic stage (W 

0.36- 0.43, L 0 .34-0.40) . The dorsal cardinal muscle scars 
(WM ?-0.28,  LM ?-0.22 ;  Fig. 84D) are forrned during the 

adult stage . A few dorsal valves attaining widths of more 

than 0.54 mm appear to belong to the gerontic stage (see 

also Fig. 46) . 

Discussion. - Rhino/rela davidi is very similar to the upper 

Viru type species R. muscularis Holmer ( 1 986, Figs . 7H-Q, 

1 0D-F) , especially in the morphology of the dorsal valve. 

The ventrai valve differs from that of R. muscularis in having 

( 1 )  a shorter exterior pedicle tube, (2 )  an interior pedicle 

tube, and (3) a narrow, weU developed intertrough . The 

dorsal valves of R. davidi are sometimes difficult to distin

guish from those of Myolrela orensis (Figs. 82G-I, 83B-C) , 
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Rhlnotreta dallidl 

Afyo treta orensls 

Afyotreta da/ecarl/ca 

Afyotreta aff. crassa 
Fig. 85. Comparison between species of Myotreta and Rhinotreta. 
Figure prepared by Lennart Andersson (Stockholm) . 

but the median septurn and cardinal muscle scars are 
developed at an earlier ontogenetic stage in the former 

(Fig. 84A, C-E) . 

Occurrence. - Rhinotreta davidi is restricted to the upper 

Dalby Limestone of Dalarna and Vastergi:itland (Figs. 8D, 

9C, 10) . 

Genus Numericoma Popov, 1 980 

Type species. - Original designation; Numericoma ornata 

Popov ( in Nazarov & Popov 1 980) , p. 1 02 ,  from the L1an

virn Kopalin Stage, Karakan (Locality 2033) , Kazakhstan , 

U.S .S.R. 

Diagnosis. - Ventrai valve highly conical ,  catacline to apsacl

ine with intertrough; commonly with interior pedicle tube. 
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Dorsal valve with wide, narrow pseudointerarea and well 

developed propareas . Dorsal median septum with numer

ous septal spines. Septum always asymmetrieal in anterior 

view, forming simple or more eomplex 900 folds ( left- or 

right-handed) . 

Species assigned. - Numericoma ornata Popov, 1 980; N electa 

Popov, 1 980; ? Ephippelasma spinosum Biernat, 1973;  ? E. latior 

Biernat, 1973; Numericoma simplex sp . nov. ; N perplexa sp. 

nov. 

Discussion. - The most distinguishing eharaeter of Numeri

coma is the eomplex dorsal median septurn. In all speeies it 

is invariably asymmetrieal in anterior view (apart from in a 

single specimen of N perplexa [Fig. 88F-GJ , and in all 

speeimens of N.? spinosa Biernat) . It is important to empha

sise that the development of the median septurn of all 

speeies within Numericoma (and Ephippelasma) involves the 

folding of a single plate ( see deseription of 'Ontogeny' 

below) . The aeeepted division of the ephippelasmatine 

septurn into a 'buttressing septal plate ' and a ' surmounting 

plate ' is somewhat unfortunate , as it gives the impression 

of a toryneiasmatine (or a biernatine ) type of septurn, the 

formation of whieh is different (cf. Fig. 75) . Thus the 

differenee between Numericoma and nphippelasma is not the 

laek of a 'buttressing septal plate ' in the latter, but rather 

that the septurn is asymmetrieal and twisted only 900 in 

Numericoma, whereas it is symmetrieal and twisted 1 800 in 

Ephippelasma. 

At present Numericoma has a range from the lower Arenig 

Series to the upper Uhakuan Stage . In addition to the type 

spe eies, Popov ( in Nazarov & Popov, 1980) deseribed N 

electa from the Lower Ordovieian (Arenig) Kogashi Stage of 

Table J 5. Numericoma simplexsp. nov., average dimensions and ratios 
of ventral valves. 

W L L/W H H/W 

DLK83-segk-6, sa-7 
n 7 7 7 7 7 
mean 0.55 0.43 78% 0.46 82% 

0.076 0.049 4.467 0.059 2.858 
min 0.46 0.37 72% 0.40 78% 
max 0.65 0.50 85% 0.54 86% 

FOSSILS AND STRATA 26 ( 1989) 

Kazakhstan . Popov (p .  1 00) also assigned Ephippelasma spi

nosum Biernat, 1973 and E. latior Biernat, 1973 to the genus; 

both speeies from the lower Middle Ordovician of Poland. 

These two spe eies are here only questionably retained 

within the genus. Krause & Rowell ( 1 975) identified N.? 

spinosa from the lower Whiterock of Nevada, but in all 

probability this is a new species of Numericoma. Bednarezyk 

& Biernat ( 1 978) illustrated speeimens of a form from the 

lower Arenig of Poland, whieh they referred to N? spinosa. 

The Swedish speeies of Numericoma (and Ephippelasma) are 

eompared in Fig. 93. 

Numericoma simplex sp. nov. 
Figs. 30C-E, 86, 93 

Name. - Latin simplex, single; alluding to the relative ly sim

ple type of median septurn. 

Holotype. - Br1 28947, eomplete dorsal valve, Fig. 86C (W 

0.60, L 0 .48) , from the Kårgårde Limestone, Kårgårde 

seetion (sample DLK83-segk-6) ,  Dalarna. 

Paratypes. - Figured; Br133595m ( seetion) ,  Brl28976 (W 

0.45, L 0.39) , Brl 28867a (W 0.82, L 0 .64) , Br1 28867b 
(darnaged) ,  Brl 28948 (W 0.5 1 ,  L 0 .40, H 0.43) , Brl 28986 

(W 0 .74, L 0.57, H 0 .79 ) . Total of 659 dorsal valves, 520 

ventrai valves and 4 eomplete shells. 

Diagnosis. - Ventrai valve eatacline to slightly apsacline, with 

short external pedicle tube. Dorsal valve with simple me

dian septurn, showing left- or right-handed dimorphism 

with single 900 loop. 

Description. - The valves average 78% as long as wide (OR 

72-90% ;  N=41 ; Tables 15 , 1 6) ;  the ventrai valve 85% as high 

as wide (OR 78-1 07% ;  N=8;  Table 15 )  with the highest 

point at the umbo (Fig. 86G) . The exterior and interior 

pedicle tubes are short (Fig. 86F-H) . The ventrai pseudo

interarea is eatacline to slightly apsacline , with a well de

fined intertrough (Fig. 86G-H) . In lateral profile the dor

sal valve is slightly eonvex (Fig. 69E) . The dorsal 
pseudointerarea ave rages 1 2 %  as long as wide (OR 8-1 5 % ;  

N=34; Table 1 6) ,  forming 54% of  the total width of  the 
valve (OR 46-63% ;  N=34) ; the propareas are wide and 
anacline to eatacline (Fig. 86C, E) . The eardinal muscle 

sears are well developed, 59% as long as wide (OR 51-77% ;  

Table 16. Numericoma simplex sp. nov. , average dimensions and ratios of dorsal valves. 

W L L/W WI LI LI/WI WM LM LM/WM LS BS 

DLK83-segk-6 
n 1 7  1 7  1 7  1 7  1 7  1 7  5 5 5 1 5  1 5  
mean 0.47 0.38 83% 0.25 0.02 1 1 %  0.42 0 .23 55% 0.29 0. 1 1  

0 . 1 26 0 .092 4.802 0.083 0.005 2 .849 0 .025 0 .016  3.209 0.093 0 .010  
min 0 .31  0 .28 75% 0 . 14  0.02 8% 0 .39 0 .22 5 1 %  0 . 1 7  0 .09 
max 0 .68 0 .51  90% 0.39 0.03 15% 0.46 0.26 59% 0 .51  0 . 1 2  

DLK83-sa-7 
n 1 7  1 7  1 7  1 7  1 7  1 7  6 6 6 1 6  1 6  
mean 0 .60 0 .49 82% 0.32 0 .04 1 2 %  0.47 0 .29 63% 0.34 0. 1 1  

0. 1 02 0.081 3.419 0.061 0 .0 13  2.562 0 .044 0 .055 8. 1 1 6 0.078 0 .006 
min 0.43 0.36 77% 0.22 0.03 8% 0 .42 0 .23 53% 0.20 0 .09 
max 0.73 0.62 88% 0.39 0.06 15% 0 . 5 1  0.39 77% 0 .51  0. 1 2  
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Fig. 86. Numericoma simplex sp. nov. DA. Dorsal exterior; Skarlov Limestone (sample DLK83-sa-7) ;  Brl 28976, xl OO. D B .  The larval 
ornamentation of A; xl l OO. De. Holotype; interior of a dorsal valve; Kårgarde Limestone (sample DLK83-segk-6) ;  Brl 28947, xlOO. OD.  
Oblique anterior view of  the (left-handed) median septum of a dorsal valve; Kårgarde Limestone (sample DLK83-segk-l ) ;  Br1 28867b, x190.  
DE .  Side view of the interior of a dorsal valve; Kårgarde Limestone (sample DLK83-segk-l ) ;  Br1 28867a, x l OO.  OF. Exterior of a ventrai valve; 
Kårgarde Limestone (sample DLK83-segk-6) ;  Brl 28948, xlOO. OG. Side view of F; x l OO. OH.  Posterior view of a complete shell; Skarlov 
Limestone (sample DLK83-sa-7) ; Brl 28986, x lOO. 

1V=1 1 ;  Table 1 6; Fig. 86C) . The median septum has numer

ous marginal spines (Fig. 86C-E) ; it originates about 

0 . 1 1 mm from the posterior margin (Table 1 6) ,  and ex

tends 70% of the total length (OR 54-100%;  N=31 ) .  In 

anterior view the septum is asymmetrical , showing dimor

phism with right- or left-handed, 90° twisting in the single 

loop (Fig. 86C-E) . The maximum height of the septum is 

situated at about the centre of the valve (HS/W ratio 

around 50% ; Figs. 30C, 86E) . The valves are ornamentated 

with closely spaced fila (Fig. 86A, G) . The larval shell is 

sharply delineated (WL 0 . 19 ,  LL 0 . 1 7; 1V=7) ; the dorsal one 

has a central node. The larval pits are ofvarying sizes, up to 

3 11m across (Fig. 86B) . The shell structure is described 

above (p. 47, Fig. 30C-E) . 
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Discussion. - Numericoma simplex is distinguished from all 

previously described species in having a comparatively sim

ple median septurn with a single 90' fold. It could possibly 

be related closely with the roughly contemporaneous N.? 

latior (Biernat, 1 973) from Poland, which also appears to 

have a simple septurn with a single fold (Biernat 1973,  Pl. 

24: 1-3) . However, the detailed morphology of the septurn 

in this species is not known . Moreover, the Polish species 

differs from N. simplex mainly in having a narrower dorsal 

pseudointerarea with longer propareas. 

Occurrence. Numericoma simplex appears in the Kårgiirde 

Limestone and occurs also in the Skiirlov Limestone of 

Dalarna (Fig. 9A) . In Jiimtiand the Segerstad Limestone 

has yielded some specimens ( samplesJ69-35, 40) . 

Numencoma perplexa Sp . nov. 
Figs. 29, 30A-B, 87, 88, 93 

Name. - Latin per plexus, intricate ; alluding to the complex 

median sep turn. 

Holotype. - Brl 28780, complete dorsal valve, Fig. 87A-B (W 

0.57, L 0 .43) , from the Furudal Limestone, Fjiicka section 

(sample D60-220) , Dalarna. 

Paratypes. - Figured; Br 1 28783 (darnaged) , Br 1 32394d (sec

tion) , Brl 32734 (W 0.62,  L 0 .43, H 0.34) , Brl 28748 (W 

0.45 ,  L 0 .39) , Br1 28634 (W 0.68, L 0.53, H 0 .84) , Br1 28638 

(W 0.56, L 0.43, H 0.43) , Br 1 29045 (W 0.56, L 0.42, H 0 .48) , 

Brl 29046 (W 0.74, L 0 .54, H 0.98) , Brl 32736 (W 0.56, L 
0 .42 ,  H 0.50) , Br1 32631 (W 0.23,  L 0.20) , Brl 32702 (W 

0.3 1 ,  L 0 .25) , Br1 32656 (W 0 .36, L 0 .29) , Br1 2878 1 (W 

0.43,  L 0.34) , Brl 32735 (W -0 .60, L 0 .45) , Brl 28658 (W 

-0 .53, L 0.43) , Brl 28768 (darnaged) ,  Brl 28730 ( lost) . 

Total of 3 1 47 dorsal valves, 1 879 ventrai valves and 46 
complete shells. 

Table 1 7. Numericoma perplexa sp. nov. , average dimensions and 
ratios of ventral valves. 

W L L/W H H/W 

GB84-2-23 
n 1 8  18  1 8  18  1 8  
mean 0.48 0.37 79% 0.45 89% 

0. 1 36 0.094 3.974 0.228 24.871 
min 0.25 0.22 72% 0. 1 2  48% 
max 0 .71 0 .51  88% 0.88 1 24% 

FOSSILS AND STRATA 26 ( 1 989) 

Diagnosis. - Ventrai valve catacline to strongly apsacline, 

with snout-like , long exterior pedicle tube. Dorsal median 

septurn of varying shape, but always with complex 90' loop 

showing both secondary twisting, as well as right- and left

handed dimorphism. 

Description. - The valves average 80% as long as wide (OR 
72-92%;  N=36; Tables 1 7, 1 8) ;  the ventrai valve is 89% as 

high as wide (Table 1 7) with the highest point at the umbo, 

but in gerontic valves it is somewhat anterior to the umbo 

(Fig. 87K) . The ventrai pseudointerarea has a well devel

oped intertrough (Fig. 87G) ; it is catacline to strongly 

apsacline in gerontic valves (Fig. 87K) . A long, snout-like 

exterior pedicle tube (Fig. 87H) continues as an interior 

pedicle tube (Fig. 87L) . In lateral profile the dorsal valve is 

slightly convex (Fig. 87 A) . The pseudointerarea is on aver

age 10% as long as wide (Table 18 )  and occupies 53% of 

the total width (OR 43-64% ;  N=18) ; the propareas are wide 
and anacline (Fig. 87 A) . The dorsal cardinal muscle scars 

are well developed, on average 51 % as long as wide (Table 

1 8; Fig. 87 A) . A dorsal median septurn originates about 

0 . 1 2  mm from the posterior margin (Table 18 ) , and ex

tends to 77% of the total length (OR 74-80% ;  N=12 ) ; it 

shows right- and left-handed dimorphism, and both 

morphs occur in about equal numbers (N=70, in sample 

DLK83-fur-14) . The septurn is strongly spinose ; in anterior 

view it is asymmetrical and slightly funnel-shaped,  about 
0 .20 mm wide. Details of the twisting pattern vary from a 

relatively simple asymmetrical 1 80' loop (Fig. 88H) to 

more complex shapes; in most specimens it has a secondary 

fold that forms a horizontal platform anterior to the funnel 

(Figs. 87B-C, 881) . A single specimen (Brl 32735; GB84-2-

2 1 )  has a nearly bilaterally symmetrical septurn, forrned by 

two opposite loops and a horizontal platform in between 

(Fig. 88F-G) . The maximum height of the septurn is situ

ated somewhat anterior to the centre of the valve ; the 

HS/W ratio is around 50% .  The valves are ornamented 

with closely spaced fila (Fig. 87E, K) . The larval shell is 

sharply delineated; the dorsal larval shell has a distinct 

node (Fig. 87D, H-I ) . The larval pits are up to 2 �m across 
(Fig. 87F) . For shell structure , see above (p .  47, Figs. 29 ,  
30A-B) . 

Ontogeny. - The larval shell is about 0.22 mm wide and 

0 . 1 6  mm long. The ventrai larval shell is about 0 . 1 0  mm 

high . At the brephic stage the dorsal valve (W 0.22-0 .3 1 ,  L 

0 . 1 6--0.25)  lacks a median septurn, but an incipient dorsal 

pseudointerarea (WI ?-0 . 1 6, LI ?-0.02) is present (Fig. 

88A) . At the early neanic stage (W 0 .31-0.43, L 0.25-0.34) 

a simple median septurn (LS 0. 1 7-0.28) is developed, first 

as a small knob (Fig. 88B) which then forms a Myotreta-like 

Table 18. Numericoma perplexa sp. nov., ave rage dimensions and ratios of dot·sal valves. 

W L L/W WI LI LI/WI WM LM LM/WM LS BS 

DLK83-fur-14  
n 1 8  1 8  1 8  1 8  1 8  18  1 2  1 2  1 2  1 2  1 2  
mean 0.58 0.46 80% 0.32 0.03 10% 0.48 0.25 5 1 %  0.41 0 . 1 2  

0. 1 75 0 . 13 1  4.71 7  0. 1 23 0.007 3. 1 67 0.083 0.047 4.033 0.054 0.005 
min 0.28 0.23 73% 0 . 12  0.02 5% 0.34 0 . 19  44% 0.34 0. 1 1  
max 0.82 0.62 92% 0 .51  0.04 1 7% 0.64 0 .31  58% 0 .50 0. 1 2  
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Fig. 8 7. Numericoma perplexa sp. nov. DA. Holotype; stereo-pair; dorsal interior; Furudal Limestone (sample D60-220) ;  Brl 28780, x80. DB. 
Anterior view of the (left-handed) median septum of A; note the platform, and the funnel-shaped outline of the septum; x200.  De. Anterior 
view of a left-handed median septum; Gullhiigen Formation (sample GB84-2-21 ) ;  Br132734, x 1 80. OD .  Side view of a dorsal larval shell; 
Furudal Limestone (sample D60-220) ; Br1 28748, x200. DE. Dorsal view of a complete shell; Gullhiigen Formation (sample GB84-1 -7) ; 
Br1 28634, x80. OF.  The larval ornamentation of E; x1 500. O G. Posterior view of E; x80. OH. Side view of the ventral larval shell of E; x200. 
DI. Ventral larval shell; Gullhiigen Formation (sample GB84-1-7) ; Br1 28638, x200. DJ. Ventral view of a complete shell; Furudal Limestone 
( sample DLK83-fur-3) ;  Br1 29045, x80. DK Side view of a ventrai valve; Furudal Limestone (sample DLK83-fur-5) ;  Br1 29046, x80. D L. Ventral 
interior; Gullhiigen Formation (sample GB84-2-21 ) ;  Br1 32736, x80. 
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septurn (Fig. 88C) . During the neanic stage, the dorsal 

propareas (WI 0. 1 6-0.2 1 ,  LI 0.02-0.03) are forrned (Fig. 

88B-C) ; some speeimens have traces of dorsal cardinal 

muscle scars (Fig. 88B) . The early neanic ventraI valve (H 

0 . 10-0.36) is catacline , up to 80% as high as  wide. During 

a later part of the neanic stage (W 0.43-0.57, L 0.34-0.45) 

the median septurn (LS 0.28-0.36) forms the first 90· fold 

(Fig. 88D-E) , and the dorsal pseudointerarea (WI 0.21-
0 .28 ,  LI  0 .03)  is widened further (Fig. 88D) . The late 

neanic ventraI valve (H 0.36-0.68) is catacline to apsacline, 

80-1 20% as high as wide. At the adult stage (W 0.57-0.7 1 ,  

L 0.45-0.54) the dorsal median septurn attains its full com

plexity and distinct cardinal muscle scars are formed; the 

ventraI valve (H 0.68-0.88) is strongly apsacline and up to 

1 24% as high as wide. Some larger specimens (W 0.71-

0.82) possibly represent the gerontic stage . 

Discussion. - Numericoma perplexa is related closely to the 

approximately contemporaneous type species, N. ornata 

Popov, from Kazakhstan, which differs mainly in having a 

ventrai valve that is less apsacline and less conical; the H/W 

ratio is 70% in one ventraI valve of N. ornata Popov ( 1 980, 

p .  1 02) , compared with 122% in one valve of similar size of 

N. perplexa. N. perplexa differs from N. simplex in having a 

strongly apsacline ventraI valve, and a more complex me

dian septurn. 

Occurrence. - Numericoma perplexa is the most common spe

eies in the Viru sequence studied here. However, the range 

is short; it is restricted to the Furudal Limestone of Dalarna 

(Figs. 9A-B) ,  and in Vastergatland it ranges from the Gull

hagen Formation to the Ryd Limestone (Fig. 8B-C) . On 
Oland the Kalla and Furudal limestones have also yielded 

spe eimens. 

Numericoma? spinosa (Biernat, 1 973) 
Figs. 33, 89, 90, 93 

Synonymy. - Dv* 1 973 Ephippelasma spinosum n.sp. - Biernat, 

p. 96, Pl. 23, 24:9, 26. D non 1 975 Ephippelasma spinosum 

Biernat, 1 973 - Krause & Rowell, p. 61 , Pl. 8 :7-22, 1 0: 1-4, 

7 , 8 ,  1 1 :2 .  Dv? 1978 Ephippelasma spinosum Biernat, 1 973 -

Bednarczyk & Biernat, p. 309, Pl. 2 1 : 1-13 .  

Fig. 88. Ontogeny of Numericoma perp!exa sp. nov. DA. Interior of  an 
early brephie dorsal valve; Gullhogen Limestone (sample GB84-1-
1 3 ) ;  Br1 3263 1 ,  x225.  DB. Interior of a brephie dorsal valve; 
Gullhogen Limestone (sample GB84-2-1 1 ) ;  Brl 32702, x1 72. De. 
Interior of a late brephie dorsal valve; Gullhogen Limestone (sam
ple GB84-2-7) ;  Brl 32656, x1 56. OD.  Interior of a juvenile dorsal 
valve; Furudal Limestone (sample D60-220) ; Brl 2878 1 ,  x1 26. DE. 
Anterior view of the (left-handed) median septum of D;  x563.  O F. 
Interior of an adult dorsal valve; Gullhogen Limestone (sample 
GB84-2-1 1 ) ;  Br1 32735, x76. OG. Anterior view of the (symmetric) 
median septum of F; x246. OH. Anterior view of a ( left-handed) 
dorsal median septum; Furudal Limestone (sample D60-220) ; 
Br1 28658, x276. DI .  Oblique anterior view of a (right-handed) 
dorsal median septum; Furudal Limestone (sample D60-221 ) ;  
Brl 28768, x307. Oj. Posterior view of an early brephie complete 
shell; Gullhogen Limestone (sample GB84-2-1 1 ) ;  Brl 32730, x229. 
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Holotype. - Brachiopod Type no .  XV/ 1 2z (PAN, Warsaw) , 

ventraI valve, Biernat 1 973, Pl .  23: 1 1 ,  from the Llanvirn of 

the Ketrzyn IG-1 core ( 1 595.5 ml , northern Poland. 

Material. - Figured;  Brl 33609f ( section) ,  Brl 2885 1 (W 

0.59, L 0.46) , Brl 28850 (W 0.64, L 0.5 1 ) ,  Brl 28894 (W 

0.48, L 0.39, H 0.23) , Brl 28844 (W 0.7 1 ,  L 0.54, H 0.62) , 

Brl 28847 (W 0.73, L 0.54, H 0.50) , Br1 28854 (W 0.56, L 
0.42, H 0.45) , Br1 28890 (W 0.27, L 0.25) , Brl 28852 (W 

0.42, L 0.36) , Br1 28853 (W 0.50, L 0.39) , Brl 28858 (W 

0.67, L 0.54) . Total of 1 306 dorsal valves, 730 ventraI valves 

and 1 4  complete shells. 

Diagnosis. - VentraI valve catacline to apsacline, lacking 

exterior pedicle tube. Dorsal valve with pseudointerarea 

narrow and long. Dorsal median septurn comparatively 

short, complex and very spinose, approaching bilateral 

symmetry. 

Description of the Swedish material. - The valves average 80% 

as long as wide (OR 68-92% ;  N=48; Tables 19, 20) ; the 

ventraI valve 54% as high as wide (Table 19 ) ; it is catacline 
to slightly apsacline, with the maximum height at the umbo 

(Fig. 89H, K) . Some gerontic ventraI valves are strongly 

apsacline , with the maximum height slightly anterior to the 

umbo. In lateral profile the outline of the anterior surface 

of the ventraI valve is strongly convex, whilst the posterior 

surface is concave (Fig. 891) . The ventraI pseudointerarea 

has a poorly defined intertrough (Fig. 89K) . There is no 

exterior pedicle tube (Fig. 89J) , but the eircular foramen 

continues as a short interior tube, buttressed by a poorly 

developed median septurn (Fig. 89L) . The dorsal valve is 

flattened in lateral profile (Fig. 89E) ; it has a narrow pseu

dointerarea, which is on average 17% as long as wide 

(Table 20) , occupying 48% of the total width (OR 42-62% ;  

N=27; Fig. 89D ) . The pro pare as are narrow and anacline, 

and the median groove is wide and deep (Fig. 89E-F) . 

Directly anterior to the pseudointerarea there is a raised 

area (Fig. 89F) . The median septurn is strongly spinose 

(Fig. 89D ) ,  originating about 0 . 10  mm from the posterior 

margin (Table 20) ; it is relative ly high, with a maximum 

HS/W ratio of 50% ,  forming 64% of the total length (OR 
54-72% ;  N=26) . The maximum height of the septurn is at 

about the centre of the valve (Fig. 89E) ; the upper surface 
( the surmounting plate) is flattened and up to 0 .25 mm 
wide. The septurn is almost bilaterally symmetrical in ante

rior view, and it has a short vertical plate (buttressing plate ; 
Fig. 89G) . The dorsal cardinal muscle scars are weU devel
oped, on ave rage 60% as long as wide (Table 20; Fig. 89D) . 

The larval shell is comparatively poorly delineated (Fig. 

89B, J) . The size of the larval pits varies, with the large st up 

to 2 !lm across (Fig. 89C) . The valves are ornamented with 

weak fila (Fig. 89A, 1 ) . 

Ontogeny. - The larval shell is relatively small, about 

0 . 1 6  mm wide and 0 . 14  mm long. The ventral larval shell is 

about 0 . 10  mm high. During the brephic stage (W 0 . 1 6-

0.27,  L 0 . 14-0.25) the ineipient dorsal median septurn (LS 

?-0 . 16) constitutes a small triangular plate with a single 

upper septal rod; it originates at about the centre of the 

valve, and is already twisted slightly to the right or to the left 
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Fig. 90. Ontogeny of  Numericoma? spinosa (Biernat, 1973) . DA. Interior of  brephie a dorsal valve; Våmb Limestone (sample GB84-Al ) ;  
Brl 28890, x 198 .  DB .  Side view of A; x198 .  OC. Interior of ajuvenile dorsal valve; Holen Limestone (sample GB81 -0) ; Brl 28852, x1 19 .  OD.  
Anterior view of  the median septum of C; x269. DE .  Interior of  an adult dorsal valve; Holen Limestone ( sample GB8 1-0) ; Br1 28853, xl03 .  
O F. Anterior view of  the median septum of E; x248. O G. Anterior view of  the median septum of a gerontie dorsal valve; Holen Limestone 
(sample GB81-0) ; Brl 28858, x1 24. 

at this stage. The incipient dorsal pseudointerarea (WI 
?-0 . 13 ,  LI ?-0 .3)  is formed early during the brephic stage 

(Fig. 90A-B) .  The brephic ventraI valve is catacline.  The 

neanic stage (W 0.27-0.50, L 0 .25-0.39) is reached when 

the dorsal pseudointerarea (WI 0. 1 3-0.23,  LI 0 .03-0.05) is 

widened and develops propareas (Fig. 90C) . The median 

septum (LS 0. 1 6--0.26) acquires a single 900 loop (Fig. 

90D) . The ventraI valve (H ?-0.26) remains catacline dur

ing the neanic stage . The adult stage (W 0 .50-0.65, L 

0 .39-0.53) is attained about when the median septum de
velops a second 900 loop, opposite to the first (Fig. 90F) . 
The dorsal cardinal muscle scars are also formed early 

during the adult stage (Fig. 90E) . In some probably geron-

Fig. 89. Numericoma? spinosa (Biernat, 1973) , DA. Dorsal exterior; 
Holen Limestone (sample GB81-0) ; Brl 2885 1 ,  x80. DB .  The larval 
shell of A; x200. OC .  The larval ornamentation of A; x700. OD.  
Interior of  a dorsal valve; Holen Limestone (sample GB81-0 ) ;  
Brl 28850, x80. DE .  Side view o f  D; x80. O F .  Side view o f  the 
pseudointerarea of D; x200. O G. Anterior view of the median 
septum of D; x300. OH.  Exterior of a ventral valve; Våmb Lime
stone (sample GB84-Al ) ;  Br1 28894, x80. DI .  Side view of a ventrai 
valve; Holen Limestone (sample DLK84-hol-25) ; Brl 28844, x80. 
0J. The larval shell of I ;  x200. D K. Posterior view of a eomplete 
shell; Holen Limestone (sample GB81 -0) ; Br1 28847, x80. DL. 
Stereo-pair; ventrai interior; Holen Limestone (sample GB81-0 ) ;  
Brl 28854, xl00 .  

tic forms (W 0.65-0 .70, L 0 .53-0.56) the median septum is 

widened further (Fig. 90G) . The gerontic ventrai valves (W 

0.65-0.87,  L 0 .46--0.62, H 0 .39-0.56) are strongly apsacline 

(Fig. 891) and up to 67% as high as wide ( see also Fig. 46) . 

Discussion. - Numericoma? spinosa is not a typical member of 

the genus in that the shape of the septum approaches 

bilateral symmetry, but it is kept provisionally within the 

genus. The material of N.? spinosa described above is very 

close to the contemporaneous Polish material , figured by 
Biernat ( 1 973) , the main differences between them be ing 
in the ventrai valve. The ventrai valve figured by Biernat (Pl .  
23 : 1 1 )  appears to be somewhat higher compared with 

those in the Swedish material. A second figured ventraI 
valve (Biernat 1 973, Pl. 23: 1 2 ;  stated as coming from the 

Table 1 9. Numericoma? spinosa (Biernat) , average dimensions and 
ratios of ventrai valves. 

W L L/W H H/W 

DLK83-sa-4, 7 
n 1 5  1 5  1 5  1 5  1 5  
mean 0.55 0.42 76% 0 .31  54% 

0 . 1 64 0. 1 05 4.881 0 . 1 30 7.353 
min 0.36 0 .28 68% 0 . 1 6  44% 
max 0.87 0.62 86% 0.56 64% 
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Table 20. Numencoma? spinosa (Biernat) , average dimensions and ratios of dorsal valves. 

W L L/W WI 

DLK83-hol-25 
n 33 33 33 27 
mean 0.57 0.47 82% 0.28 

0 .075 0 .052 3 .614  0 .051 
min 0.40 0.36 76% 0 . 19  
max 0.70 0.56 92% 0 .34 

Volkhovian Stage at Sukhrumiigi quarry (Tallinn, Estonia, 

U.S .S .R.)  is different from the Polish species in having a 

very distinet intertrough and a posteriorly directed pedicle 

foramen. The lower Whiterock material from Nevada, as

signed to N? spinosa by Krause & Rowell ( 1 975) , is in all 

probability a new speeies of Numericoma; it differs from the 

Polish and Swedish material in having ( 1 )  a wider and 

shorter dorsal pseudointerarea (average U/WI ratio I l  % 

in Table 25; as compared with 17% in N? spinosa) , (2 )  a 

longer median sep turn (average LS/L ratio 74% in Table 

25; as compared with 64% in N? spinosa) , and ( 3) a septurn 

that is of the asymmetrical Numericoma-type .  Some yet un

described speeies resembling N? spinosa are present in the 

Lower Ordovician sequence of Sweden (Holmer, un pub

lished) . 

OccuTTence. - In Sweden Numericoma? spinosa is abundant in 

the Lower Ordovician Holen Limestone of Dalarna and 

Viistergotland, and in both districts it ranges into the Viru 

sequence. It is absent from the Segerstad Limestone of 

Dalarna and Oland, but reappears in the Skiirlov Lime

stone and ranges up into the Seby Limestone (Fig. 9A) . In 

Viistergotland it ranges from the Våmb to the Skovde lime

stones, and occurs questionably also in the lowermost Gull-

LI LI/WI WM LM LM/WM LS BS 

27 27 4 4 4 26 26 
0.05 17% 0.48 0 .28 60% 0.30 0 . 1 0  
0 .010 3 .460 0.026 0.041 6.557 0 .044 0 .0 1 3  
0.03 9% 0.45 0 .23 5 1 %  0 .20 0 .09 
0.06 26% 0.50 0.29 66% 0 .37 0 . 1 4  

hogen Formation (Fig. 8A- B) . In Jiimtland there is a 

questionable record from the Segerstad Limestone (sam

ple J70-1 67) . 

Genus Ephippelasma Cooper, 1 956 

Type species. - Original designation; Ephippelasma minutum 

Cooper, 1 956, p. 261 , from the Middle Ordovician (Pygodus 

anserinus Biozone) Pratt Ferry beds, Pratt Ferry, Alabama, 

U.S .A. Some topotypes ( stored in the U.S .  National Mu

seum, Washington) are figured herein (Fig. 9 1 ) . 

Diagnosis. - Ventrai valve highly conical, catacline to apsacl

ine with intertrough; commonly with interior pedicle tube. 

Dorsal valve with bilaterally symmetrical median septurn, 

having single right- or left-handed 1 800 loop. 

Species assigned. - Ephippelasma minutum Cooper, 1 956; E. 

intutum Popov, 1975.  

Discussion. - Following Popov ( in Nazarov & Popov 1 980) , 

the concept of the genus has been restricted to forms with 

a bilaterally symmetrical median septurn. It appears to have 

been derived from a Numericoma-like stock. Ephippelasma 

( sensu stncto) appears at approximately the same level,  at 

Fig. 91. Ephippelasma minutum Cooper, 1956, Pratt Ferry Limestone (Pygodus ansennus Biozone) , Pratt Ferry, Alabama (all illustrated speeimens 
from the U.S. National Museum, Washington) . DA. Dorsal exterior; x53. DB. Interior of a dorsal valve; x53. DC. Anterior view of the broken 
median septum of B; x1 27. OD.  Ventrai exterior; x53. DE. Posterior view of D; x53. O F. Side view of D; x53. OG. The larvaJ. ornamentation 
of D;  x530. 
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about the upper Llandeilo-Iower Caradoc ( that is, the 

Pygodus anserinus Biozone) ,  in ( l )  southern Appalachians 

( type species from the Pratt Ferry beds) , (2 )  Kazakhstan (E. 

intutum Popov, 1 975 from the upper Tselinograd Stage) , 

and (3)  Baltoscandia (E. minutum from the upper Furudal 
to lowermost Dalby limestones) . An unnarned Upper Or

dovician species of Ephippelasma has been described from 

the Ashgill Dulankara Stage of Kazakhstan (Popov 1 980, p.  

99) , and by Wright ( 1 963, p .  240) from the Cautleyan of 

Ireland. 

Ephippelasma minutum Cooper, 1 956 
Figs. 32 ,  78D-E, 9 1 ,  92 ,  93 

Synonymy. - D 1 956 Ephippelasma minutum Cooper, new spe

cies - Cooper, p. 261 , Pl. 1 7A: 1-14. 

Holotype. - USNM no. 1 1 682 1 a  (U.S .  National Museum, 

Washington) ,  complete shell, Pl. 1 7A: 1-3,  from the Pratt 

Ferry beds, Pratt Ferry, Alabama, U.S.A. 

Material. - Figured; Br1 32430b (section) ,  Brl32430c ( sec

tion) ,  Br1 28652 (darnaged) , Br1 28700 (W 0.57,  L 0.46, H 

0 .70) , Br1 28649 (W 0.65, L 0.54) , Brl 32489c (W 0.67, L 

0.53) , Brl 32489b (W 0.60, L 0.50) , Br1 32489a (W 0.7 1 ,  L 

0.45, H 0.65) . Total of 581 dorsal valves, 154 ventrai valves 

and 8 complete shells. 

Diagnosis. - See Cooper ( 1 956, p .  261 ) .  

Description of Swedish material. - The valves ave rage 8 1  % as 

long as wide (OR 74-86%; N=22;  Tables 2 1 ,  22) . The 

ventrai valve is catac1ine to apsac1ine, on ave rage 92% as 

high as wide (Table 2 1 ) ,  with the highest point slightly 

anterior to the umbo (Fig. 92F, J) . In lateral profile the 

posterior surface of the ventrai valve is flattened, whereas 

the anterior surface is convex. The intertrough is poorly 

defined (Fig. 92G) . The short exterior pedic1e tube (Fig. 

92F-H) continues internally. In lateral profile the dorsal 

valve is strongly convex (Fig. 92E) . The dorsal pseudointer-

Table 21. Ephippelasma minutum Cooper, ave rage dimensions and 
ratios of ven tral valves. 

W L L/W H H/W 

DLK83-fur-16  
n 4 4 4 4 4 
mean 0.58 0 .44 77% 0.53 92% 

0. 1 23 0 .094 2 .630 0 . 153  1 1 . 790 
min 0.42 0 .33 74% 0.33 84% 
max 0 .68 0.53 79% 0.70 103% 
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area i s  o n  ave rage 1 2 %  a s  long as wide (Table 22) , extend

ing 55% of total width (OR 46-63% ;  N=18 ) . The median 

groove is relatively wide (Fig. 92B-C) ; the propareas are 

anac1ine to catac1ine (Fig. 32D, 92E) . The median septurn 

originates about 0 . 14  mm from the posterior margin 

(Table 22) , and extends 63% of the total length . (OR 

49-70% ;  N=18 ) . The septurn is relative ly high (HS/W ratio 

about 50-60 % ) ; in anterior view it is bilaterally symmetrical 

and forms a single 1 800 loop (Figs. 32, 92B- E) , which is 

invariably three-pronged (Fig. 92B, I ) . The dorsal cardinal 

musc1e scars are distinct, on ave rage 54% as long as wide 

(Table 22 ;  Fig. 92C) . The valves are ornamented with 

c10sely spaced, minute fila (Fig. 92A, F) . The larval shell is 

poorly delineated (Fig. 92K, H) , but with a distinct pitting, 

where the pits are of varying size, up to 2 11m across (Fig. 

9 1 G) . The ontogeny mainly follows that described for Nu

mericoma perplexa. The shell structure is described above (p.  

47, Fig. 32) . 

Discussion. - The ventrai valves of Ephippelasma minutum 

illustrated by Cooper ( 1 956, Pl. 1 7A: 1-6; see also Fig. 9 1 D

F) agree completely with those from Sweden. The dorsal 

valves illustrated by Cooper (Pl .  1 7  A: 7- 1 4) differ slightly 

in having ( 1 )  a sulcate valve, ( 2 )  a shorter pseudointerarea, 

and ( 3) a shorter median septurn originating c10se to the 

posterior margin. However, a large collection of topotypes 

( isolated from samples ofPratt Ferry beds, supplied by S.M. 

Bergstrom) of E. minutum show that there are virtually no 

consistent differences between the specimens from Ala

bama and Sweden ( see also Fig. 91A-C) ; the range of 

morphological variation in the dorsal valves from Pratt 

Ferry inc1udes forms that are indistinguishable from the 

material illustrated here. Consequently, the Swedish speci

mens, which are contemporaneous with those from Ala

bama, are considered to be conspecific. 

Occurrence. - In Dalarna Ephippelasma minutum is restricted 

to the uppermost Furudal and lowermost Dalby limestones 

(Figs. 9B-C, 1 0) . 

Subfamily Biernatinae subfam. nov. 

Diagnosis. - VentraI valve highly conical, apsac1ine ; without 

ventraI apical process, pseudointerarea, and intertrough. 

Dorsal pseudointerarea reduced, with poorly defined me
dian groove . Dorsal median septurn high; with septal rods, 
or with convex, flat or slightly concave surmounting plate . 

Genera assigned. - Biernatia gen. nov. ; Opsiconidion Ludvig
sen, 1 974 (= Caenotreta Cocks, 1 979) . 

Table 22. Ephippelasma minutum Cooper, ave rage dimensions and ratios ofventral valves. 

W L L/W Wl LI LI/Wl WM LM LM/WM LS BS 

DLK83-fur-1 6  
n 18  1 8  1 8  1 8  1 8  1 8  3 3 3 1 8  1 8  
mean 0 .60 0 .49 82% 0.33 0.04 1 2 %  0.47 0.25 54% 0 .31  0 . 1 4  

0 . 1 1 8 0 .092 3.034 0.077 0 .01 1 2 .570 0.064 0.025 8.544 0.066 0.020 
min 0.42 0.36 78% 0.22 0.02 8% 0.40 0 .23 45% 0 . 19  0 .09 
max 0 .81  0 .70 86% 0.45 0.06 19% 0 .5 1  0 .28 62% 0.42 0. 1 6  
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Fig. 92. Ephippelasma minutumCooper, 1956. DA. Exterior of a dorsal valve; Furudal Limestone (sample D60-215 ) ; Br 1 28649, x85. DB.  Interior 
of A; x85. OC. Dorsal interior; Dalby Limestone (sample DLK83-dal-8) ;  Brl 32489c, x85. O D .  Anterior view of the median septum of C; x1 20. 
DE.  Side view of a dorsal valve; Dalby Limestone (sample DLK83-dal-8) ;  Brl 32489b, x85. OF. Side view of a ventral valve; Dalby Limestone 
(sample DLK83-dal-8) ;  Br1 32489a, x85. O G. Posterior view of F; x85. OH. VentraI view of a fragmentary shell; Dalby Limestone (sample 
D60-2 1 4) ; Br1 28700, x85. DI .  Anterior view of H;  x85. O]. Side view of H;  x85. DK The dorsal larval shell of H; x200. 

Discussion. - Genera conforming with the above diagnosis 

were previously included in the Torynelasmatinae Rowell, 

1 965 ( see also above , p .  1 06) . However, the torynelasma

tines ( sensu stricto) differ from members of the Biernatinae 

in having ( 1 )  a widened, almost straight posterior margin , 
(2 )  a weU defined, flattened, triangular ventrai pseudo

interarea, (3 )  a proportionally less conical ventrai valve 

(H/W ratio most frequently less than 1 00% ) ,  (4) a weU 
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Ephlpp e/BsmB mlnu tum 

NumerleomB peiplexB 

NumerleomB simplex 

Numer/e omB? splnosB 

Fig. 93. Comparison between species of Numericoma and 
Ephippelasma. Figure prepared by LennartAndersson (Stockholm) . 

developed apical process, (5 )  a weU developed, wide dorsal 

pseudointerarea (WI/W ratio up to 70% ) ,  and (6) well 

developed and widely spaced dorsal cardinal muscle scars. 

Moreover, there are differences in ontogeny (Figs. 75, 97) , 

shell structure (Figs. 28, 34) , and in the ornamentation and 

shape of the larval shell (Figs. 74C, ]-K, 95B-C, L) . It 

appears that the biematines are most closely related to , and 

possibly derived from the Ephippelasmatinae, whereas the 

torynelasmatines appear to have been derived from the 

Acrotretinae. 

Ordovician inarticulate brachiopods from Sweden 133  

Genus Biernatia gen .  nov. 

Name. - In honour of the distinguished brachiopod special

ist Gertruda Biemat. 

Type species. - Torynelasma minor rossicum Goryanskij ,  1 969, 

p. 7 1 ,  from the Kundan Stage , Pechory co re (479 . 1  ml , 

Pskov district, Russia, U.S .S .R. Some topotypes are figured 

in Fig. 94A-H. 

Diagnosis. - Dorsal pseudointerarea very short. Surmount

ing plate flat, slightly concave or convex. Larval ornamen

tation with large pits surrounded by smaller pits. 

Species assigned. - ? Conotreta acuta Troedsson,  1 9 1 8; Tor

ynelasma minor Cooper, 1 956; T. minor rossicum Goryanskij , 

1969; T.? magnum Goryanskij ,  1 969; T. rarum Biernat, 1 973; 

T. forte Popov, 1 975; T. curvatum Holmer, 1986; T. planum 

Holmer, 1986; Biernatia holmi sp. nov. 

Discussion. - As noted above, most of the species now re

ferred to Biernatia were assigned previously to Torynelasma. 

Opsiconidion Ludvigsen, 1 974 is closely related to Biernatia, 

but differs in having ( 1 )  a longer dorsal pseudointerarea, 
(2 )  a median septurn with one or severai septal rods, and 

(3 )  a larval shell with large cross-cutting pits, most com

monly lacking the surrounding clusters of smaller pits. The 

nine species assigned currently to Biernatia has a range 

from the Tremadoc to the upper Ashgill series. 

Troedsson ' s  ( 1 918 )  description of Conotreta acuta from 

the upper Ashgill of Skåne is the first record of a species 

assigned here to Biernatia. C. acuta has an acutely conical ,  

Biernatia-like ventrai valve, but the dorsal interior is not 

known in detail , and the species can only be referred 

tentatively to Biernatia. Cooper ( 1 956) described Toryne

lasma minorfrom the Middle Ordovician Pratt Ferry beds of 

Alabama, and this species can be assigned unquestionable 

to Biernatia. The relationship between T. minor and T. 
toryniferum Cooper was discussed above (p .  1 07) . Toryne

lasma rossicum Goryanskij , 1 969, from the Lower Ordovi

cian Kundan Stage of the Pskov district is designated type 

species of Biernatia because it is comparatively weU known 

and weU defined. Some topotype material (kindly supplied 

by G. Biemat) is figured herein (Fig. 94A-H) .  Goryanskij 

( 1 969, p. 72) recorded, but did not figure Biernatia rossiea 
from the Middle Ordovician Kukrusean Stage of the Len

ingrad District and Estonia. This record is questioned here 
( see description of B. holmi) . In addition, he described the 

poorly known Lower Ordovician ( lower Arenig) Toryne

lasma? magnum, which has a high ly conical ventrai valve . 
However, the dorsal valve is unknown, and the species 

belongs only questionably to Biernatia. Biemat ( 1 973) illus

trated some Lower and Middle Ordovician material from 

Poland that was assigned to the type species. In addition, 

she described the Caradoc Torynelasma rarum, which ap

pears to be unusuaUy widely conical for Biernatia. Popov 

( 1 975) described a further member of the genus, the Mid

die Ordovician Torynelasma forte from the Tselinograd 

Stage of Kazakhstan . Torynelasma curvatum and T. planum 

were described from beds around the Viru-Harju bound

ary in Vasterg6tland (Holmer, 1986) , and are both typical 

species of Biernatia. In addition, Torynelasma? sp . ,  from the 
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Fig. 94. DA-H. Biematia rossica (Goryanskij ,  1 969) , Kunda Stage, Pechory core (483.35 m) , Pskov, Leningrad district (material supplied by G. 
Biernat, Warszawa) . DA. Exterior of a dorsal valve (stored in the collection of G. Biernat) ; x90. DB. The larval shell of A; x270. De. The larval 
ornamentation of A; x 1400. OD.  Dorsal interior; Br1 33684, x90. D E .  Side view of D; x90. OF. Oblique anterior view of the median septum 
of D; x200. O G. Anterior view of a ventral valve; Brl 33685, x90. OH. Side view of G; x90. DI .  Interior of ajuvenile dorsal valve of Biematia 
holmi gen. et sp. nov. ; Furudal Limestone (sample DLK83-fur-l l ) ;  Brl 3239 1 ,  x90. 

Tremadoc of Wales (Rushton & Bassett in Owens et al . 

1 982) probably belongs to the genus, as well as two un

named forms, Torynelasma sp. and ? Conotreta sp . ,  described 

by Lockley & Williams ( 1 98 1 )  from the Lower Ordovician 

of Wales. 

Biernatia holmi Sp. nov. 
Figs. 34, 35, 941, 95, 96, 97, ?98G-J 

Name. - In honour of Gerhard Holm, who started an exten

sive study of Swedish 'Acrotreta' .  

Holotype. - Brl 29037, complete dorsal valve, Fig. 95D-F (W 

0.88, L 0 .70) , from the Furudal Limestone, Kårgarde sec

tion (sample DLK83-fur-6) , Dalarna. 

Paratypes. - Figured; Br13361 3e ( section) ,  Br1 29043 (W 

l .43, L 1 . 1 6) ,  Brl 29041 (W 0.57, L 0 .51 ) ,  Brl 32905 (W 

0.59, L 0 .5 1 ,  H 0.59) , Br1 32505 (W 0.79, L 0 .68) , Br1 28663 

(darnaged) , Br1 29038 (W 0.56, L 0.48, H 0 .68) , Br1 33675 

(W 0.84, L 0 .74) , Br1 33676 (W 0.33, L 0 .31 ) ,  Brl 33677 (W 

0.85, L 0.76) , Br1 33678 (W 0.54, L 0 .46, H 0.96) , Br1 33679 

(W 0.22,  L 0 .22) , Br1 33680 (W 0.23, L 0 .23) , Br1 33681 (W 

0.37,  L 0 .33) , Br1 33682 (W 0.22, L 0.20, H 0 . 19 ) , Br1 33683 
(W 0.3 1 ,  L 0.28, H 0.28) , Br132391 (W 0 .34, L 0 .31 ) ,  

?Br1 28667 (darnaged) , ?Br1 32532 (darnaged) , ?Brl 28699 

(darnaged) . Total of 586 dorsal valves, 1 033 ventrai valves 

and l complete shell. 

Diagnosis. - Ventrai valve highly conical ,  apsacline, with 

H/W ratio above 1 00% . Dorsal valve with pseudointerarea, 

occupying about 33% of total width ; well developed poste-
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Fig. 95. Biernatia holmi gen . et sp. nov. , DA. Dorsal exterior; Furudal Limestone (sample DLK83-fur-l ) ;  Brl 2904 1 ,  x65. DB.  The larval shell 
of A; x200. De. Ornamentation ofa ventral larval shell; Ryd Limestone ( sample GB84-3-61 ) ;  Br1 32905, x2000. OD. Holotype; dorsal interior; 
Furudal Limestone (sample DLK83-fur-6) ; Brl 29037, x65. D E. Side view of D; x65. OF. Oblique anterior view of the median septum of D; 
xl OO. O G. Interior of a dorsal valve; Seby Limestone (sample DLK83-se-2) ;  Brl 29043, x65. OH.  Dorsal interior; Dalby Limestone (sample 
DLK83-dal-l l ) ;  Brl 32505, x65 . D I .  Side view of H; x65. OJ. Exterior of a ventrai valve; Dalby Limestone (sample D60-2 1 8) ; Brl 28663, x65. 
D K. Posterior view of]; x65. DL. The larval shell of L; x200. DM. Side view of a ventral valve; Furudal Limestone (sample DLK83-fur-6) ; 
Brl 29038, x65. 
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Fig. 96. Biernatia holmi gen. et sp. nov. ; Viivikonna Formation (Kivioli Member) , Kohtla (eoll. G. Troedsson) ,  Estonia. DA. Dorsal exterior; 
Br1 33675, x60. DB. The larval shell of A; x269. OC. Ornamentation of a dorsal larval shell; Brl 33676, x900. OD .  Dorsal interior; Br1 33677, 
x60. DE. Side view D; x60. OF. Side view of a ventrai valve; Brl 33678, x60. OG. Posterior view of F; x60. 

Fig. 97. Ontogeny of Biernatia holmi gen. et sp. nov. ; Viivikonna Formation (Kivioli Member) , Kohtla (coll. G. Troedsson) , Estonia. DA. 
Interior of an early brephie dorsal valve; Brl 33679, x1 35. DB .  Oblique anterior view of the median septum of A; x424. O C. Interior of a late 
brephie dorsal valve; Br1 33680, x 1 35 .  OD. Side view of C; x1 35. DE .  Interior of ajuvenile dorsal valve; Brl 3368 1 ,  x1 35. OF.  Side view of a 
brephie ven tral valve; Br 1 33682, x 135 .  OG. Ornamentation of the larval shell of F; x636. O H .  Exterior of a juvenile ventraI valve; Br 133683, 
x 1 35 .  
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rior platform. Dorsal median septurn with strongly convex 

surmounting plate . 

Description. - The valves ave rage 90% as long as wide (OR 

84-100%; N=36; Tables 23, 24) ; the ventrai valve 105% as 

high as wide (OR 70-178%;  N=1 3; Table 23) . In lateral 

profile the outline of both the anterior and posteror sur

faces of the ventrai valve are flattened. The ventrai interior 

is without recognizable structures (Figs. 95J-M. 96F-G) . 

The ventrai pseudointerarea is poorly defined, moderately 

apsac1ine, and lacks an intertrough (Figs. 95K, 96G) . The 

dorsal valve is weakly sulcate (Fig. 96A) and is flattened in 

lateral profile (Figs. 95E, 96E) . The pseudointerarea is 18% 

as  long as  wide (OR 1 1-25% ;  N=23 ;  Table 24) , and occu

pies 37% of the total width of the valve (OR 29-44% ;  

N=23) . The median groove i s  poorly defined and the pro

pareas are anac1ine (Figs. 95D-E, G-I, 96D-E) . The raised 

area directly anterior of the pseudointerarea ( that is, the 

posterior platform) is up to 0 .39 mm wide (Figs. 95D-I, 

96D-E) . The median septurn originates about 0.07 mm 

from the posterior margin (Table 24) , and extends 85% of 

the total length (OR 77-1 00% ;  N=23) ; it is high, with an 

HS/W ratio of about 50%,  and there is a strongly convex 

surmounting plate which is up to 0 .20 mm wide . In dorsal 

view it is mostly parallel-sided (Fig. 95D) or more rare ly 

triangular in outline, widening anteriorly (Fig. 95H, 96D) ; 

the anterior end of the surmounting plate is not buttressed 

by the septal plate (Fig. 95F, 96E) . The dorsal cardinal 

Table 23. Biematia holmi sp. nov. , average dimensions and ratios of 
ventraI valves. 

W L L/W H H/W 

DLK83-fur-6 
n 5 5 5 5 5 
mean 0.38 0.33 86% 0.42 1 09% 

0.040 0.032 0.894 0.070 9.072 
min 0.33 0.29 86% 0.34 94% 
max 0.42 0.36 88% 0.50 1 19% 

Kohtla, Estonia 
n 8 8 8 8 8 
mean 0.32 0.29 89% 0.37 103% 

0. 1 1 5 0 .091 4.241 0 .260 33.298 
min 0.22 0.20 84% 0. 1 9  70% 
max 0.54 0.46 97% 0.96 1 78% 
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musc1e scars are poorly defined (Figs. 95D,  G-H, 96D)  . The 

valves are ornamented with very faint fila (Figs. 95A, M, 

96A, F) . The dorsal larval shell is sharply delineated, with a 

slightly elevated outer ridge and a dorsal sulcus (Figs. 95B, 

L, 96B) ; it has large pits, up to 5.5 /.lm across, separated by 
c1usters of small pits up to 500 nm across (Figs. 95C, 96C, 

97G) . For shell structure, see above (p. 47, Figs. 34, 35) . 

Ontogeny. - The larval shell is relatively small and almost 

circular, about 0 . 1 2  mm wide and 0 . 1 1 mm long. The ven

tral larval shell is about 0 . 1 1 mm high; it is apsac1ine and 

remains so throughout the ontogeny (Fig. 97F) . In the 

subsequent brephic stage (W 0. 1 2-0.23,  L 0 . 1 1-0.23) the 

dorsal valve has an incipient crescent-shaped pseudointer

area (WI ?-0.09, LI ?-0.02; Fig. 97A) ; the median septurn 

(LS ?-0 . 19 )  has a single upper septal rod (Fig. 97B) . The 

brephie ventrai valve (H 0 . 1 1-0. 19 )  is invariably wider than 

high (H/W ratio about 86-96%;  Fig. 97F) . In an early part 

of the neanic stage (W 0.23-0.37, L 0.23-0.33)  the septal 

rod of the median septurn (LS 0 . 19-0.26) is thickened 

laterally, and forms a flat (or slightly convex) and triangu

lar surmounting plate up to 0 .08 mm wide (Figs. 941, 97G

D) . The pseudointerarea (WI 0.09-0 . 1 2, LI 0 .02-0.03) is 
widened and developes minute propareas (Fig. 97C) . In a 

later part of the neanic stage (W 0.37-0.48, L 0 .33-0.45) 

the surmounting plate of the median septurn (LS 0 .26-

0.36) becomes strongly convex; the pseudointerarea (WI 
0 . 1 2-0. 1 7) is further widened, but not elongated (Fig. 

97E) . The juvenile ventrai valve (H 0 . 19-0.50) is generally 

less wide than high (H/W ratio about 86-1 1 2 % ;  Fig. 97H) . 

The adult stage (W 0.48-0.85,  L 0 .45-0 .78)  is reached when 

the dorsal posterior platform is developed. A few rare 

dorsal valves attain widths above 0 .85 mm; possibly they 

represent the gerontic stage (Fig. 95G; see also Fig. 46) . 

Remarks. - Some poorly preserved dorsal valves from the 

Dalby Limestone are assigned only tentatively to Biernatia 

holmi. These have the dorsal pseudointerarea strongly elon

gated, with a wide posterior platform (Fig. 98H, J) . The 

median septurn is comparatively higher and the surmount

ing plate has a long, unsupported anterior end (Fig. 981 ) . 

Discussion. - Biernatia rossiea (Goryanskij , 1 969, Pl. 1 2 : 1 5-

21 ) ,  differs from B. holmi in having ( l )  a strongly apsac1ine 

ventrai valve ( cf. Figs. 94H, 95M, 96F) , (2 )  a less convex 
surmounting plate, and (3 )  a smaller maximum adult size, 

Table 24. Biematia holmi sp. nov. , ave rage dimensions and ratios of dorsal valves. 

W L L/W Wl LI LI/Wl LS BS 

DLK83-fur-6 
n 1 1  1 1  1 1  1 1  1 1  1 1  1 1  1 1  
mean 0.47 0.42 89% 0 . 16  0.02 15% 0.36 0.08 

0. 1 23 0 . 102 2.401 0.05 1 0 .005 4. 1 25 0. 1 00 0 .01 1 
min 0.28 0.26 86% 0.08 0.02 1 1 %  0.20 0.06 
max 0.68 0.59 92% 0.25 0.03 25% 0.53 0.09 

Kohtla, Estonia 
n 1 2  1 2  1 2  1 2  1 2  1 2  1 2  1 2  
mean 0.52 0.48 92% 0.20 0 .04 2 1 %  0.42 0.07 

0.236 0.205 4.232 0.097 0 .019 3 . 1 62 0 . 1 97 0 .01 1 
min 0.22 0 .22 88% 0.09 0.02 16% 0. 1 7  0.06 
max 0.85 0.78 1 00 %  0.37 0.08 25% 0.74 0.09 
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Fig. 98. OA-F. Biematia sp. DA. Dorsal exterior; Holen Limestone (sample GB81-0) ; Br1 28860, x90. D B. Interior of A; x90. De. Exterior of 
a dorsal valve; Kårgarde Limestone (sample DLK83-segk-2) ;  Brl 28931 ,  x90. DO.  Dorsal larval shell; Skarlov Limestone (sample DLK83-sa-7) ; 
Br1 28984, x200. DE .  Side view of the interior of a dorsal valve; Skarlov Limestone ( sample DLK83-sa-4) ;  Brl 28958, x90. O F. Side view of a 
ventrai valve; Våmb Limestone (sample GB84-A1 ) ;  Brl 28892, x90. OG-J. Biematia holmz? gen. et sp. nov. OG. Dorsal larval shell; Furudal 
Limestone (sample 060-2 1 7) ; Br1 28667, x200. OH.  Interior of a dorsal valve; Dalby Limestone (sample DLK83-dal- 13 ) ; Br1 32532, x65. D I .  
Side view o f  H; x65. DJ. The pseudointerarea, anterior platform and broken median septum o f  a dorsal valve; Dalby Limestone ( sample 
060-201 ) ;  Br1 28699, x 138 .  

around 0.40 mm in width . The Middle Ordovieian, B. minor 

(Cooper, 1 956, Pl. 181 :57-64) differs from the Swedish 
species in having a slightly eoneave surmounting plate that 

is strongly arehed in lateral view. Compared with B. holmi, 

the Middle Ordovieian B. Jorte (Popov, 1 975, Pl. 5 : 1 6-20) 

has a more eomplieated median septurn. B. holmi is ap par

ently related also to the Caradoe B. rara (Biernat, 1973, Pl .  

20: 1 2-1 3) , but the ventraI valve of this poorly known spe

eies appears to be more widely eonieal , with an H/W ratio 

around 50% (Biernat, Fig. 20: 1 2a) . 

Occurrence. - Biernatia holmi is a eommon, widespread, and 

long-ranging species which appears in the Seby Limestone 

and ranges in to the upper Dalby Limestone of Dalarna, 

(Figs. 9 ,  10 ) . In Vasterg6tland B. holmi was reeorded from 

the Ryd to the Dalby limestones (Fig. 8C-D) . A sample 

from the Kukrusean Stage of Kohtla, Estonia, also yielded 

numerous speeimens. 

Biernatia Sp. 
Fig. 98A-F 

Material. - Figured; Brl 28860 (W 0.57,  L 0 .46) , Brl 28931 

(W 0.56, L 0 .46) , Brl 28984 (W 0.93, L 0 .81 ) ,  Brl 28958 

(darnaged) , Br1 28892 (darnaged) . Total of 63 dorsal and 

1 03 ventraI valves. 

R.emarks. - Some poorly preserved specimens of Biernatia 

have the dorsal valve around 80% as long as wide (Fig. 

98A-C) .  The dorsal pseudointerarea is narrow, and oeeu

pies less than 30% of the total width . The median septurn 

is invariably broken, but it appears to have a eonvex sur

mounting plate (Fig. 98E) . The ventraI valve is apsacline 

(Fig. 98F) . Additional ,  better preserved speeimens are 

needed for a detailed taxonomie evaluation . 

Occurrence. - In Dalarna and Vasterg6tland fragments of 

this unnarned speeies are distributed through the Lower 
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Ordovician Holen Limestone. It ranges from the Segerstad 

to the Seby limestones of Dalarna (Fig. 9A) . In Vaster

gotland it occurs in the Våmb Limestone and the Gull

hogen Formation (Fig. 8A-B) . 

Subfamily Scaphelasmatinae Rowell, 1 965 . 

Genus Scaphelasma Cooper, 1 956 

Type speeies. - Original designation; Scaphelasma septatum 

Cooper, 1956, p. 259, from the Middle Ordovician (Pygodus 

anserinus Biozone) Pratt Ferry be ds, Pratt Ferry, Alabama, 

U.S .A. 

Diagnosis. - See Krause & Rowell ( 1 975, p. 49) . 

Species assigned. - Scaphelasma septatum Cooper, 1 956; S. 

septatum rugosum Goryanskij , 1 969; S. subquadratum Biernat, 

1 973; S. lamellosum Krause & Rowell, 1 975; S. tumidatum 

Krause & Rowell ,  1 975; S. anomalatum Krause & Rowell, 

1 975; S. mica Popov, 1 975; S. bukowkense Bednarczyk & 

Biernat, 1 978; S. pusillum Popov, 1 980. 

Discussion. - At presen t nine speeies can be assigned to the 

genus, which has a range from the Arenig to the Upper 

Ordovician . The first illustration of a species now assigned 

to Scaphelasma appears to have be en by Wang ( 1 949, Pl. 

lB: 1-2) , who described an unnarned form from the U pper 

Ordovician Maquoketa Shale of Iowa. 

Information on Scaphelasma prior to 1975 was summa

rized by Krause & Rowell ( 1 975 ) ,  who also described three 

new spe eies, S. lamellosum, S. tumidatum, and S. anomalatum, 

from the lower Whiterock of Nevada. The type species has 

been recorded from the Kundan Stage in the Pskov region 

by Goryanskij ( 1 969, Pl. 1 2 :5-1 1 ) ,  but in all probability this 

material represents a new species. The Middle Ordovician 

S. mica was described by Popov ( 1 975) from the Tselino

grad Stage (Bestamak Formation) of Kazakhstan and was 

later recorded also from the Karakan Stage of the same 

area (Popov, 1 980) ; speeimens from this region are figured 

herein (Fig. 1 00) . Holmer ( 1 986) recorded some juvenile 

speeimens assigned to S. mica from the upper Middle Or

dovician of Vastergotiand. The oldest record of the genus 
is S. bukowkense Bednarczyk & Biernat, 1 978, from the Aren

ig of Poland. The Upper Ordovician S. pusillum was de
scribed by Popov ( 1 980) , from the Dulankara Stage of 
Kazakhstan. Some Lower Ordovician specimens from the 

Tourmakeady Limestone of Ire1and were assigned tenta
tively to the type species by Williams & Curry ( 1 985) . 

As noted by Krause & Rowell ( 1 975, p. 49) , the distine

tion between Scaphelasma Cooper and Rhysotreta Cooper is 

sometimes unc1ear, due to morphological overlap. It seems 

that the latter is  distinguished from the former mainly by 

( 1 )  a more lamellose ornamentation, (2) a proportionally 

longer dorsal pseudointerarea ( the maximum LI/L ratio is 

generally above 10% in Rhysotreta) , (3) a proportionally 

higher ventrai valve ( the maximum H/W ratio is generally 

above 1 00% ) ,  which sometimes is apsac1ine, and (4) a 

more strongly developed pair of dorsal cardinal musc1e 

scars. 
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Scaphelasma mica Popov, 1 975 
Figs. 36, 471, 99D-N, 1 00, 1 0 l H-K, 103A-E, 1 04 

Synonymy. - Dv* 1975 Scaphelasma mica Popov, sp. nov. -

Popov, p. 39, Pl .  5 :2 1- 30. Dv1 980 Scaphelasma mica Popov, 

1975 - Nazarov & Popov, p .  1 08,  Pl. 25 : 1 2-14 .  Dv? 1 986 

Scaphelasma mica Popov, 1 975 - Holmer 1 986, p .  1 2 1 ,  Fig. 

1 0J-0. 

Holotype. - CNIGR Museum no.  28/ 1 0696 (VSEGEI, Lenin

grad) , complete shell, Popov, 1 975, Pl. 5 : 2 1-30 (W 0.94, L 

0.80, T 0 .46) , from the Middle Ordovician Bestamak For

mation, Chingiz range, Kazakhstan, U.S .S.R. 

Material. - Figured; Brl 32676b ( seetion) , Brl 32676c ( sec
tion) ,  Br1 329 1 5  (W 0.45 ,  L 0.37) , Brl 28882 (darnaged) , 

Br1 32619 (W 1 .08, L 0 .82) , Brl 32688 (W 1 . 2 1 ,  L 0.90, H 

0.50) , Br1 32689 (W 1 .07, L 0 .84) , Br1 32853 (darnaged) , 

Brl 32854 (W 0.96, L 0 .79) , Br1 32690 (W 0.99, L 0.79) , 

Brl 28880 (W 1 .07, L 0 .8 1 ,  H 0 .34) , Brl 326 1 8  (W 0.96, L 

0 .60,  T 0.29) , Brl 28883 (darnaged) , Brl 287 1 7  (W 0.67,  L 

0.57) , Brl 32464 (W 0.73,  L 0 .54, H 0.34) , Brl 28791 (dam

aged) , Br1 32879 (W 0.22 ,  L 0 . 19 ) , Brl 32908 (W 0 .36, L 
0 .28) , Brl 32909 (W 0.39, L 0 .29) , Brl 329 1 0  (W 0.45, L 

0 .37) , Brl 28718  (W 0.36,  L 0 .28,  T 0. 1 6) . Total of 3 1 77 

dorsal valves, 1 658 ventrai valves and 86 complete shells. 

Diagnosis. - Ventrai valve less than half as high as wide; 

pedic1e foramen small, oval . Short groove extending from 

anterior margin of foramen to apex of valve . Ventrai inte

rior with or without apical proeess. Dorsal valve with narrow 

pseudointerarea and low median septurn. 

Description of the Swedish material. - The valves average 80% 

as long as wide (OR 71-88 % ;  N=82; Tables 25 ,  26) . The 

ventrai valve is widely conical , less than 50% as high as wide 

(OR 20-50% ) .  In lateral profile it is depressed, with the 

maximum height near the centre of the valve (Fig. 99J) . In 

ventrai view the ventrai posterior margin is slightly concave . 

The pseudointerarea is strongly proc1ine and has a distinet 

intertrough (Fig. 99J) . The pedic1e foramen is minute, 

oval, about 67% as wide as long (Table 25) . Anterior to the 

apex, a short groove extends to the anterior margin of the 

foramen (Fig. 99J, L) . The apical proeess is either wide and 

ridge-like (Fig. 99M-N) , or narrow and high (Fig. 1 0 1J-K) ; 
it is bounded by a pair of anterocentral musc1e scars (Figs. 
99N, 1 0 1 K) .  More rare ly the proeess is absent. Other inter
nal features inc1ude a pair of poorly developed cardinal 

musc1e scars and possible traces of a pair of simple vascula 

lateralia (Fig. 99M) . The dorsal valve is slightly sulcate (Fig. 
99D-E) . In lateral profile the umbo is strongly convex and 

recurved; the outline of the anterior surface of the dorsal 

valve is flat to slightly concave (Fig. 99F, I ) . The dorsal 

pseudointerarea is reduced ,  23% as long as wide (OR 

1 1-33% ;  N=47; Table 26) ; it forms 26% of the total width 

of the valve (OR 1 5-44% ; N=47) . The median gro ove is 

deeply concave , and the propareas are poorly defined (Fig. 

99H, I ) . The median septurn originates about 0.28 mm 

from the posterior margin (Table 26) , and extends 93% of 

the total length (Fig. 99H) ; it is comparatively low with an 

ave rage HS/W ratio of 32% (OR 1 7-39% ;  N=10) ; the ante

rior dec1ivity of the septurn is convex, with the postero-ven-
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Fig. 99. DA-C. Scaphelasma sp. nov. a, Holen Limestone (sample GB81-0) . DA. Dorsal exterior; Brl 28856, x50. DB.  Side view of the interior 
of A; x50. DC. Exterior of a ventral valve; Br1 28857, x50. DD-N. Scaphelasma mica Popov, 1 975. O D .  Dorsal exterior; Kårgarde Limestone 
(sample DLK83-segk-l ) ;  Br1 28882, x50. DE. Exterior of a dorsal valve; Gullhiigen Formation (sample GB84-1-7) ; Br132619,  x50. O F. Side 
view of a dorsal valve; Gullhiigen Formation (sample GB84-2-9) ; Brl 32689, x50. OG. Dorsal larval shell; Ryd Limestone ( sample GB84-3-41 ) ;  
Br1 32853, x200. OH.  Dorsal interior; Ryd Limestone (sample GB84-3-41 ) ;  Br1 32854, x50. DI. Side view of the interior of a dorsal valve; 
Gullhiigen Formation (sample GB84-2-9) ; Br1 32690, x50. DJ. VentraI exterior; Kårgarde Limestone (sample DLK83-segk-l ) ;  Br1 28880, x50. 
D K. Posterior view of a complete shell; Gullhiigen Formation (sample GB84-1-7) ; Br132618,  x50. D L. The ventral larval shell of L; x200. D M. 
Stereo-pair; ventraI interior; Gullhiigen Formation (sample GB84-2-9) ;  Br1 32688, x45. ON.  Detail of a ventrai interior, showing the apical 
proeess and possible traces of anterocentral muscle scars; Kårgarde Limestone (sample DLK83-segk-l ) ;  Br 1 28883, x200. 
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Fig. 1 00. Scaphelasma mica Popov, 1975;  Karakan Formation (Middle Ordovician; coll. L.E. Popov) , Karakan, Kazakhstan. DA. Dorsal exterior; 
Brl 33670, x56. DB. Side view of the interior of A; x56. De. Detail of the pseudointerarea of A; x1 50. OD .  Interior of a dorsal valve; Brl 33672, 
x56. DE. Dorsal exterior; Brl3367 1 ,  x56. OF. Side view of the interior of E; x56. O G. Ventral view of a complete shell; Br1 33673, x56. OH.  
Posterior view of G; x56. Dl .  Detail of  H;  x1 20. 0J. Side view of a ventral valve; Brl 33674, x56. DK. Detail of the larval shell and pedicle 
foramen of]; x1 86. 

tral outline slightly concave (Fig. 991) . The dorsal cardinal 
muscle scars are poorly defined, but there is a pair of 
anterocentral muscle scars at the posterior end of the 

median septum (Fig. 99H) . The valves are ornamented 
with evenly spaced fila, about 60 per mm (Fig. 99D ) ,  and 

strongly developed lamellae, with up to a total of six lamel

Iae per valve; the ornamentation starts on the anterior 
portion of the valve, about 0 .6 mm from the posterior 

margin (Figs. 36A, D, 99E-F, J) . The outline of the larval 

shell is poorly delineated; it varies in size and shape, from 

oval - about 0 . 23 mm wide and 0 . 1 7  mm long (Fig. 99G) , 

to circular - about 0. 1 9  mm in diameter (Figs . 99L, 101H) . 

The larval shell has large pits, up to 4 /.lm across, sur

rounded by clusters of small pits, up to l /.lm across (Fig. 

l 01I ) . The shell structure is outlined above (p. 47; Fig. 36) . 

Ontogeny. - In one dorsal larval shell (W 0.22,  L 0 . 19 ;  Fig. 

1 03A) an incipient pseudointerarea (WI 0 . 1 1 ,  LI 0.03) is 

present; the umbo is submarginal (Fig. 1 03A) . The ventrai 
larval shell is flattened and has an open pedicle notch (Figs. 
99L, l 03E) . Early in the brephic stage (W 0 .22-0.34, L 
0 . 19-0.29) the dorsal valve lacks all traces of a median 

septum. During the middle part of the brephic stage (W 

0.34-0.45 ,  L 0 .29-0.34) an incipient median septum (LS 
0.26-0.29) is developed (Fig. 1 03B) . The brephic ventrai 

valve occasionally has traces of a small apical process (Fig. 

1 03C) . Complete brephic shells (T ?-0 . 1 7) are about 30-

40% as thick as wide (Fig. 1 03E) . The late part of the 

brephic stage (W 0.45-0 .5 1 ,  L 0 .34-0.42) is reached when 

the pedicle foramen is formed ( that is, the posteromedian 

portion of the ventrai mantle starts to secrete shell material 

posterior to the pedicle notch; Fig. 1 03D) . The late brephic 

pseudointerarea is not noticeably widened; the median 

septum (LS 0 .29-0.36) is low (HS/W ratio 1 7-27% ) .  The 

short neanic stage (W 0 .51-0 .7 1 ,  L 0 .42-0 .60) is reached 

when the dorsal pseudointerarea is slightly widened (WI 
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0 . 1 1-0. 1 7, LI 0.03-0.04) and develops a pair of incipient 

propareas. The adult stage (W 0.71-1 .08, L 0.60-0.82) is 

reached approximately when the cardinal muscle scars are 

developed; the pseudointerarea (Wl 0 . 1 7-0.39, LI 0.04-

0.08) is widened, but only slightly elongated. Some possible 

gerontic stages (W 1 .08-1 .21 , L 0 .82-0.90) were also found 

( see also Fig. 46) . 

Discussion. - The Swedish specimens agree closely with 

Scaphelasma mica Popov, ( 1 975, p. 39, Pl. 5 :2 1-30; in Nazar

ov & Popov 1 980 : 1 08, Pl. 25 : 1 2-14) from the Middle Or

dovician (Karakan and Tselinograd stages) of Kazakhstan . 

Table 25. Scaphelasma mica Popov, ave rage dimensions and ratios of 
ven tral valves. 

W L L/W WP LP 

DLK83-se-5 
n 1 7  1 7  1 7  1 5  1 5  
mean 0.78 0.61 78% 0.04 0.07 

0. 1 20 0.099 2 .410 0 .010  0 .013  
min 0.53 0.40 73% 0.03 0.05 
max 1 .0 1  0 .81 82% 0.06 0.09 

DLK83-dal-4 
n 1 8  1 8  1 8  1 8  1 8  
mean 0 .64 0.50 8 1 %  0.03 0.04 

0 .094 0.056 4.400 0 .010  0 .0 12  
min 0.45 0 .39 74% 0.02 0.02 
max 0 .71  0 .62 88% 0.04 0.05 
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In order to facilitate comparison, some specimens from the 

Karakan Formation ( supplied by L. E. Popov) are figured 

here (Fig. 1 00;  Table 27) . The two main differences be

tween the Swedish and Kazakhstanian specimens lie in the 

complete lack of an apical process, and a slightly larger 

pedicle foramen (Fig. I OOK) in the type material . However, 

in the Swedish material these two characters are extremely 

variable. The differences between S. mica and previously 

described species were discussed by Popov ( 1 975, p.  41 ) .  

The three Whiterock species, S. lamellosum, S. tumidatum, 

and S. anomalatum, from Nevada (Krause & Rowell 1 975) , 

differ from S. mica in that all three have relatively wider 

pseudointerareas. Within the Swedish assemblages of S. 

mica there is variation in ( 1 )  the relative convexity of both 

valves, (2) the proportional size of the dorsal pseudointer

area, (3 )  the size and outline of pedicle foramen , and 

(4) the development of lamellose ornamentation. There is 

also some temporai variation (Tables 25, 26) , but a detailed 

study of this is outside the scope of this paper. 

Occurrenæ. - Scaphelasma mica is the second most abundant 

species in the Viru sequence considered in this mono

graph; it is also very long ranging, appearing in the Seger

stad Limestone and ranging into the lower Dalby Lime

stone (Figs. 9, 10 )  of Dalarna. In Vastergotland it extends 

from the Skovde beds to the Ryd Limestone, and there are 

questionable occurrences from the Våmb and the lower

most Dalby limestones (Fig. 8A-C) .  Holmer ( 1 986) also 

recorded the species from the upper Viru of the same 

Table 26. Scaphelasma mica Popov, average dimensions and ratios of dorsal valves. 

W L L/W Wl LI LI/Wl LS BS 

DLK83-se-5 
n 1 6  1 6  1 6  1 6  1 6  1 6  1 5  1 5  
mean 0.76 0.60 79% 0. 1 7  0.05 27% 0.57 0.28 

0. 1 25 0. 1 00 3 .700 0.049 0.0 1 2  4.475 0 . 1 04 0.0 1 2  
min 0.56 0.46 73% 0.09 0.03 18% 0.40 0.25 
max 0.98 0 .79 85% 0.25 0.06 33% 0.73 0.29 

DLK83-fur-5 
n 1 3  1 3  1 3  1 3  1 3  1 3  1 3  1 3  
mean 0.80 0.64 8 1 %  0 . 19  0.05 24% 0.61 0.28 

0. 1 22 0.088 4 .419 0 .038 O .oJ 1 3.203 0 .089 0 .010  
min 0.46 0.39 7 1 %  0.09 0.02 18% 0.36 0 .26 
max 0.95 0.73 86% 0.28 0.06 26% 0.67 0.29 

DLK83-dal-4 
n 1 8  1 8  1 8  1 8  1 8  18  1 8  1 8  
mean 0.62 0.51 82% 0 . 1 8  0 .04 20% 0.46 0.23 

0. 1 39 0 . I l 3  2.562 0.068 0 .0 1 2  5 .031 0 .099 0 .01 1 
min 0 .34 0.29 76% 0. 1 1  0.02 1 1 %  0 .26 0.22 
max 0 .88 0.70 85% 0.39 0.06 27% 0 .62 0.25 

Table 2 7. Scaphelasma mica Popov, average dimensions and ratios of dorsal valves. 

W L L/W Wl LI LI/Wl LS BS 

Karakan, Kazakhstan 
n 7 7 7 7 7 7 7 7 
mean 0.76 0.59 78% 0 . 19  0.03 19% 0.50 0.25 

0 . 1 52 0. 1 24 3 .579 0.074 O.o J 1  3.078 0.092 O.o J 8  
min 0.53 0 .39 74% 0.09 0.02 1 5 %  0.34 0.23 
max 0.99 0.76 80% 0.33 0.05 23% 0.60 0.28 
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Fig. 1 01 .  OA-G. Scaphelasma cf. pusillum Popov, 1 980. DA. Dorsal exterior; Dalby Limestone (sample DLK83-dal-8) ;  Brl 32490, x50. DB .  The 
larval shell of A; x200. O C. Interior of a dorsal valve; Dalby Limestone (sample DLK83-dal-8) ;  Br1 3249 1 ,  x50. OD. Side view of C; x50. DE. 
Ventrai exterior; Dalby Limestone ( sample DLK83-dal-8) ;  Brl 32492, x50. OF. Side view of E; x50.  O G. Posterior view of a ventral valve; Dalby 
Limestone (sample D60-205) ;  Brl 28722, x50. O H-K Scaphelasma mica Popov, 1 975. OH.  Posterior view of a dorsal larval shell; Dalby 
Limestone (sample D60-2 1 4) ;  Brl 2871 7, x200. DI .  Ornamentation of the larval shell of H; x2000. O]. Ventrai interior; Dalby Limestone 
(sample DLK83-dal-4) ; Brl 32464, x50. DK Detail of a pedicle foramen; note the apical proeess; Dalby Limestone (sample D60-206) ; 
Br1 2879 1 ,  x200. 

district. On Oland the speeies is known from the Kalla 

Limestone. It was also found in an erratic boulder of the 

lower Dalby Limestone from U ppland. 

Scaphelasma Sp. nov. a 
Figs. 99A-C, 1 04 

Material. - Figured; Brl 28856 (W 0.88, L 0.68) , Brl 28857 

(W 0.93, L 0.73, H 0.50) . Total of 37 dorsal and 10 ventrai 

valves. 

Description. - The valves ave rage 81  % as long as wide (Table 

28) . The ventrai valve is highly conical, more than 50% as 

high as wide (Fig. 99C) . In lateral profile the dorsal valve is 
convex, with a slightly recurved umbo (Fig. 99A-B) . The 

dorsal pseudointerarea is on average 1 8 %  as long as wide 

(Table 28) , extending 37% of the total width (OR 32-40% ;  

N=9) . The median septurn originates about 0.27 mm from 

the posterior margin (Table 28) ; it is relatively high (HS/W 

ratio about 40% ) ,  and extends 92% of the total length (OR 

87-98%;  N=9; Fig. 99B) . The valves are ornamented with 

lamellae (Fig. 99A, C) . The larval shell is similar to that of 

S. mica. 

Discussion. - Scaphelasma sp. nov. a differs from S. mica in 

having proportionally ( 1 )  a higher ventrai valve , (2 )  a 
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Table 28. Scaphelasma sp. nov. a, average dimensions and ratios of dorsal valves. 

W L L/W WI 

GB81-0 
n 9 9 9 9 
mean 0.73 0 .60 8 1 %  0.27 

0 . 142 0. 1 28 3.060 0.052 
min 0.56 0.45 76% 0 . 19  
max 0.98 0.84 82% 0.36 

higher median septum, and ( 3) a longer dorsal pseudo

interarea. The species has its main range in the Kundan 

Stage; the formal erection of a new species is postponed 

until it has been studied in detail .  

Occurrence. - In Vastergotland and Dalarna this species is 

restricted to the Holen Limestone (Figs. 8A, 9A) . 

Scaphelasma cf. pusillum Popov, 1 980 
Figs. 10IA-G, 1 04 

Synonymy. - Dv cf. 1980, Scaphelasma pusilla [ sic] Popov, sp. 

nov. - Nazarov & Popov, p .  1 09, Pl. 26: 1 2-14 .  

Material. - Figured; Brl 32490 (W l .30, L l .04) , Br1 32491 

(W l .07, L 0 .82 ) , Br1 32492 (W 0.93, L 0 .7 1 ,  H 0.36) , 

Br 1 28722 (W 0.84, L 0 .65 ,  H 0.34) . Total of 260 dorsal 

valves, 21 ventrai valves and 3 complete shells. 

Diagnosis. - See Popov ( in Nazarov & Popov 1 980, p .  1 09) . 

Description. - The valves ave rage 80% as long as wide (OR 
74-92%;  N=25; Tables 29, 30) . The ventrai valve is about 
40% as high as wide with the highest point situated near the 

centre (Fig. 10 1F) . The intertrough is wide and the ventrai 

posterior margin is almost straight (Fig. 1 0 1 E, G) . The 

ventrai larval shell has a median sulcus and a small, 

rounded pedic1e foramen (WP/LP ratio about 80% ; Table 
29) . The ventrai interior is without recognizable structures .  

In lateral profile the dorsal valve is convex (Fig. 10 1D) , with 

a slightly recurved umbo (Fig. 1 01B) . The dorsal pseudo

interarea is on ave rage 19% as long as wide (Table 30) , and 

Table 29. Scaphelasma cf. pusillum Popov, average dimensions and 
ratios ofventral valves. 

W L L/W WP LP 

DLK83-dal-8, 1 4  
n 4 4 4 3 3 
mean 0.67 0.53 76% 0.04 0.05 
min 0.45 0.36 74% 0.03 0.04 
max 0.93 0 .70 80% 0.05 0.05 

LI LI/WI LS BS 

9 9 9 9 
0.05 18% 0.55 0 .27 
0 .01 1 4.003 0. 1 09 0.022 
0.03 1 3 %  0.40 0.23 
0.06 24% 0.73 0 .31  

occupies 40% of the total width (OR 27-52%;  N=21 ) .  The 

median gro ove is wide and the propareas are reduced (Fig. 

1 0 1 C) . The median septum originates about O .24 mm from 

the posterior margin (Table 30) , and extends 90% of the 

length of the valve (OR 77-97%;  N=21 ) .  A pair of dorsal 

cardinal musc1e scars are sometimes present. The valves are 

ornamented with strongly developed, c10sely spaced lamel

lae .  Adult shells have up to 9-1 0  lamellae, which start 

immediately anterior to the larval shell (Fig. l OlA, E) . The 

larval shell is similar to that of S. mica. 

Discussion. - This material agrees c10sely with the Upper 

Ordovician Scaphelasma pusillum described by Popov ( in 

Nazarov & Popov 1 980) from the Dulankara Stage of Kaz

akhstan. Both have ( l )  an almost straight posterior margin , 

(2 )  a wide dorsal pseudointerarea, and (3 )  a comparatively 

high ventrai valve that lacks recognizable interior struc

tures .  The Swedish species differs from true S. pusillum 

mainly in being more strongly lamellose, and in having a 

somewhat higher ventrai valve . 

Occurrence. - In Dalarna and Våstergotland Scaphelasma cf. 

pusillum is restricted to the Dalby Limestone (Figs. 8C-D, 

9B-C, 10 ) . 

Scaphelasma? rugosum Goryanskij ,  1 969 
Figs. 1 02 ,  1 03F-H, 1 04 

Synonymy. - Dv*1969 Scaphelasma septatum rugosum Gorjan

sky subsp . nov. - Goryanskij ,  p. 70, Pl. 1 2 : 1-4. 

Remark. - Herein elevated to species rank. 

Holotype. - CNIGR Museum no. 1 66/9960 (VSEGEI, Lenin

grad) , Dorsal valve, Goryanskij, 1 969, Pl. 1 2 : 2  (W 0.9,  L 

0.6) , from the Aserian Stage of the Pechory co re (459.4 m) , 
Pskov district, Russia, U.S .S .R. 

Material. - Figured; Brl 28956 (W l .27, L l .01 ) ,  Br1 2895 1 

(W l .27, L 0.98) , Br1 28954 (W 0.95, L 0 . 7 1 ,  H 0 .34) , 

Br1 28950 (W 0.57, L 0 .45 ,  T 0.26) , Brl 28953 (W 0 .60, L 

0.46) , Brl 28952 (0 .48, L 0.39, T 0 . 19 ) . Total of 225 dorsal 

valves, 33 ventrai valves and 3 complete shells. 

Table 30. Scaphelasma cf. pusillum Popov, ave rage dimensions and ratios of dorsal valves. 

W L L/W WI LI U/WI LS BS 

DLK83-dal-8, 14 ,  1 6  
n 21  2 1  2 1  2 1  2 1  2 1  2 1  2 1  
mean 0.80 0 .64 8 1 %  0 .34 0 .05 19% 0.57 0.24 

0.279 0.204 5 .006 0. 1 68 0 .015  8.906 0. 1 8 1  0.020 
min 0.39 0.36 74% 0. 1 1  0.02 1 1 %  0.34 0.22 
max 1 .30 1 .02 92% 0.62 0 .09 42% 0.93 0.29 
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Fig. 1 02. Scaphelasm& rugosum Goryanskij ,  1 969. DA. Dorsal exterior; Kårgarde Limestone (sample DLK83-segk-8) ;  Brl 28956, x50. DB .  Side 
view of A; x50. OC. The larval shell of A; x200. OD.  Interior of a dorsal valve; Kårgarde Limestone (sample DLK83-segk-7) ;  Brl 28951 ,  x50. 
DE.  Side view of D; x50. O F. Ventrai exterior; Kårgarde Limestone ( sample DLK83-segk-8) ;  Br1 28954, x50. O G. Side view of a complete 
juvenile shell; Kårgarde Limestone (sample DLK83-segk-3) ;  Brl 28950, x50. OH.  Ornamentation of the ventral larval shell of G; x700. 

Diagnosis. - Yalves with straight posterior margin. Lamel

lose ornamentation with up to 1 1  lamellae per valve. Yen
tral valve with large pedide opening, low apical process. 

Dorsal pseudointerarea wide and comparatively long. 

Description of the Swedish material. - The valves average 78% 
as long as wide (OR 71-85% ;  N=32; Table 31 ) .  The ventrai 

valve is about 30-40% as high as wide; the highest point is 

situated slightly subcentrally towards the posterior margin. 

The pedide foramen is relatively large, up to 0.6 mm wide 

and long, triangular in outline, widening posteriorly (Fig. 

1 02F-G) . The interior of one ventraI valve (Fig. 1 02F) has 

traces of a pair of cardinal musde scars, as well as a low, 

wide and ridge-like apical process. In ventrai view the ven

tral posterior margin is almost straight; in posterior profile 

the ventraI pseudointerarea is triangular and lacks an inter

trough (Fig. 1 02F) . The dorsal valve is flattened in lateral 

profile and has a convex, recurved umbo; the posterior 
margin is almost straight (Fig. 1 02B, E) . The dorsal pseudo
interarea is relativeJy long, undivided (maximum U/L 

ratio about 1 5% ) ,  and on average 27% as long as wide 

(Table 31 ) ;  in dorsal view it is triarigular and occupies on 
average 40% of the total width (Fig. 1 02D ) . The median 

septurn originates about 0 .29 mm from the posterior mar

gin (Table 3 1 ) ,  extending on average 89% of the total 

length; it is high with a maximum HS/W ratio about 42% ; 

the highest point is situated dose to the anterior margin 

(Fig. l 02D-E) . The dorsal cardinal musde scars are about 

60-87% as long as wide; the anterocentral musde scars are 

situated at the posterior end of the median septum (Fig. 

102D) . The valves are ornamented with evenly spaced fila 

superposed on strongly developed, evenly spaced lamellae , 

up to 0.05 mm across; the ornamentation originates imme

diately outside the larval shell; each valve has up to I l  
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Fig. 1 03. DA-E. Ontogeny of Scaphelasma mica Popov, 1975. DA. Exterior of a dorsal larval shell; Ryd Limestone (sample GB84-3-59) ; 
Brl 32879, x242. DB.  Interior ofajuvenile dorsal valve; Ryd Limestone (sample GB84-3-61 ) ;  Brl 32908, x 1 44. De.  Interior ofajuvenile ventraI 
valve; Ryd Limestone (sample GB84-3-61 ) ;  Brl 32909, x 1 35.  OD.  Adult ventraI interior; Ryd Limestone (sample GB84-3-61 ) ;  Brl 329 10 ,  x 1 1 7. 
DE.  Oblique posterior view of a complete juvenile shell; Dalby Limestone (sample D60-2 1 4) ; Br128718,  x140. DF-H. Ontogeny of 
Scaphelasmri? rugosum Goryanskij , 1969. DF.Juvenile dorsal interior; Kårgarde Limestone (sample DLK83-segk-7) ;  Brl 28953, x90. OG. VentraI 
view of a complete juvenile shell; Kårgarde Limestone (sample DLK83-segk-3) ;  Br1 28950, x1 06. OH.  Posterior view of a complete juvenile 
shell; Kårgarde Limestone (sample DLK83-segk-7) ;  Br1 28952, xl 06. 

lamellae (Fig. 1 02A, F) which are incurled downwards in 
lateral profile (Fig. 102B-C) . The larval shell is circular to 

slightly oval, with an ornamentation like that of Scaphelasma 

mica (Figs. 1 02C, H, 1 03G) . 

Ontogeny. - The larval shell is about 0 . 1 7  mm across . The 

ventral larval shell has a median sulcus running towards the 

pedicle foramen. The posterior commissure has a pedicle 

notch (Figs. 1 02G, 103G-H) . During the brephic stage (W 

0 . 1 7-0. 5 1 ,  L 0 . 1 7-0.40) the dorsal valve lacks a median 

septum. The brephic pseudointerarea (WI ?-0. 1 6, U ?-
0.06) occupies about 1 5 %  of the total length ; the U/L ratio 
varies between 8 and 15% throughout ontogeny. The 
brephic shells have up to three lamellae . The neanic stage 

(W 0 .51-0 .70,  L 0 .40-0 .5 1 )  is reached when the dorsal 

pseudointerarea (WI 0 . 1 6-0. 1 9 ,  U 0.06) is widened and 

develops a pair ofpropareas; the dorsal median septum (LS 

0 .37-0.48) is formed (Fig. 1 03F) . At about the point when 

Table 31. Scaphelasma? rugosum Goryanskij, ave rage dimensions and ratios of dorsal valves. 

W L L/W WI LI LI/WI LS BS 

DLK83-segk-3, 4, 7, 8 
n 28 28 28 28 28 28 1 8  1 8  
mean 0.66 0.51 78% 0.26 0.07 27% 0.54 0 .29 

0.290 0.225 3.848 0 . 140 0.028 8. 1 50 0 . 180 0.022 
min 0.29 0.25 71 % 0. 1 7  0.02 1 2 %  0.33 0.26 
max 1 .30 1 .04 85% 0.70 0. 1 6  42% 0.90 0.33 
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Se.ph.'.sm. cf. pu./I/um 

Se.ph.'.sm.? rugosum 

Se.ph.'.Sm. sp. nov. a 

Fig. 1 04. Comparison between species of Scaphelasma. Figure pre
pared by Lennart Andersson (Stockholm) .  

the shell is 0 .57-0.60 m m  wide the posteromedian sector of 
the ventrai valve develops a pediele foramen (Fig. 1 03G) . 
The neanic shells have up to five lamellae . The adult stage 
(W 0.70-1 . 19, L 0.51-0.85) is reached when the dorsal 
cardinal musele scars are form ed and the shells have about 
seven lamellae. Some possible gerontic individuals (W 
1 . 1 9-1 .30, L 0.85-1 .04) have elearly raised dorsal cardinal 
musele scars, and up to I l  lamellae. 

Discussion. - The Swedish material of Scaphelasma? rugosum 

is elosely similar to the type specimens from the Aserian 
Stage of the Pskov district. s.? rugosum is assigned tentatively 
to the genus as it differs from most other members in 
having ( 1 )  a more lamellose ornamentation,  with incurled 
lamella, (2)  a proportionally longer dorsal pseudointer
area, and (3)  a pair of well developed dorsal cardinal mus
ele scars; these characters are more suggestive of Rhysotreta 

Cooper. However, all described species of Rhysotreta have a 
highly conical ventrai valve, generally more than 100% as 
high as wide . In contrast the H/W ratio of the ventrai valve 
of S. ? rugosum is only up to 40% .  

Occurrence. - In Dalarna and o n  Oland Scaphelasma? rugosum 

is restricted to the Segerstad Limestone (Fig. 9A) . The 
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species is also known from this formation in Jåmtland 
(samplesJ70-1 65, J69-35, 37, 40 - 42) . 

Family Eoconulidae Rowell, 1 965 . 

Genus Eoconulus Cooper, 1 956 

Type species. - Original designation; Eoconulus rectangulatus 

Cooper, 1956, p. 282, from the Middle Ordovician (Pygodus 

anserinus Biozone) Pratt Ferry beds, Pratt Ferry, Alabama, 
U.SA 

Diagnosis. - See Krause & Rowell ( 1 975, p .  64) . 

Species assigned. - Eoconulus rectangulatus Cooper, 1 956; E. 

transversus Wright, 1 963; E. cryptomyus Goryanskij ,  1 969; E. 

antelopensis Krause & Rowell, 1 975; E. clivosus Popov, 1 975; 
E. dyminensis Bednarczyk & Biernat 1978; E. robustus sp. nov. 

Discussion. - The taxonomy of Eoconulus is very complex; 
meaningful definitions of new species as well as com pari
son with previously described taxa present problems, since 
the outline and convexity of both valves depend almost 
entirely on the configuration of the substrate . Moreover, 
most previously described species are known only from 
their dorsal valves. Rowell & Krause ( 1 973) first identified 
the cementing ventrai valve of a lower Whiterock species 
from Meiklejohn Peak, Nevada, which was later referred to 
E. antelopensis Krause & Rowell, 1 975. The Middle Ordovi
cian E. clivosus Popov, 1975, from Kazakhstan, was also 
represented by both valves, and the ventrai valve of the 
Arenig E. dyminensis Bednarczyk & Biernat, 1 978, from 
Poland is also known. 

In my material all speeies of Eoconulus possess mineral
ized (or partly mineralized) ventrai valves. In the Swedish 
material of E. cf. cryptomyus Goryanskij and E. robustus, the 
adults possessed a thin and poorly mineralized ventrai 
valve, whilst the younger stages only had thickened cardinal 
musele scars. As noted by Krause & Rowell ( 1 975, p. 65) 
such a retardation of mineralisation of the cementing ven
tral valve is also found in Recent craniaceans; the strongly 
unequal proportions of ventral and dorsal valves of speeies 
of Eoconulus (Figs. 1 1 ,  1 2 )  are probably due to comparable 
factors. Moreover, the thin ventrai valves of E. cf. cryptomyus 

and E. robustus are easily broken into indeterminable frag
ments. 

At present eight named speeies are assigned to Eoconulus; 

the genus has a range from the Upper Cambrian (L. E.  

Popov, personal communication 1 985) to the Upper Or
dovician (Cautleyan; Wright 1 963) . Previous investigations 
of the taxon were summarized by Krause & Rowell ( 1 975) . 

In addition to the occurrences mentioned above, an 
unnarned Lower Ordovician speeies from the Tourma
keady Limestone of Ireland was recorded by Williams & 

Curry ( 1 985) . Popov ( in Nazarov & Popov 1 980) described 
some possible Middle Ordovician occurrences of E. clivosus 

from the Karakan Stage of Kazakhstan. Juveniles referred 
tentatively to the same species were figured by Holmer 
( 1 986) from the upper Middle Ordovician of Våsterg6t
land. Unpublished work on the group by L. E. Popov 
(personal communication 1 985) indicates that eoconulids 
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are closely related to, and probably derived from the sca

phelasmatines. McClean ( 1 988) illustrated an unnarned 

species of Eoconulus from the U pper Ordovician Kildare 

Limestone of Ireland. 

In view of the above discussion, the following taxonomic 

assessment necessitates frequent use of open nomencla

ture . Consideration of the differences in ontogeny, shell 

structure , and morphology of the ventrai valve of various 

species of Eoconulus suggests that the genus may be further 

subdivided in the future . 

Eoconulus cf. clivosus Popov, 1 975 
Figs. 38A-B, 39A-H, I 05G-I, 1 l 0A-H, U l  

Synonymy. - D v  cf. 1975 Eoconulus clivosus Popow, sp. nov. -

Popov, p. 41 , Pl. 5 :31-35. Dv? 1 980 Eoconulus cf. clivosu.l 

Popov, 1975 - Nazarov & Popov, p. 1 1 2 ,  Pl . 29 : 1-3.  Dv? 1 986 

Eoconulus cf. clivosus Popov, 1 975 - Holmer, p .  1 22 ,  Fig. 

l l E-G. 

Material. - Figured; Br l 33605d (section) ,  Brl 28907 (W 

0.9 1 ,  L 0.84, H 0.29) , Brl 33608c ( section) ,  Brl 32576 (sec

tion) , Brl 28962 (W O.84, L 0.84) , Brl 28960 (W l .08, L O.9l , 
H 0.65) , Br1 336l 8b (W 0.78, L 0 .74, H 0.34) , Brl336l8a 

(W 0.56, L 0.50, H 0.25) , Brl 2896l (W 0.90, L 0 .79) . Total 

of 245 dorsal and 144 ventrai valves. 

Diagnosis. - See Popov ( 1 975, p. 41 ) .  

Description. - The valves have an irregular, circular or 

slightly subrectangular outline ,  and average 93% as long as 

wide (OR 84-l 08% ;  N=25; Tables 32, 33) . The ventrai valve 

has a flattened (Fig. 39E) or completely irregular attach

ment scar (Fig. 39A, G) . The 'pedicle foramen ' is closed in 

most specimens, and scattered over the exterior and inte

rior there are 'pores' (up to about 50 per valve) that do not 

penetrate the entire thickness of the valve (Fig. 39A-D) .  In 

lateral profile the ventrai valve has a broadly triangular 

outline (Fig. 1 051) ; it averages 39% as high as wide (Table 
32) . The maximum height is situated most commonly at 
some distance (up to 0.30 mm) from the anterior margin 
(Figs. 39E, 1 051) . The ventrai posterior margin is almost 
straight (Figs. 39C, 1 05H) . The ventrai cardinal muscle 

scars are well developed and thick, oval in outline, and on 
average 62% as long as wide (Table 32) , occupying up to 

82% of the total width (Fig. 105H) . A well developed, 
knob-like apical process (up to 0 .08 mm high) is situated at 

about the centre of the valve (Figs. 39D, 1 05H) . Immedi

ately posterior to the apical pro cess there is a possible 

pedicle foramen which is closed with shell material in most 

adult specimens (Fig. 39E) . The ventrai visceral area gen

erally has a mosaic of shallow polygonal pits, defined by low 

ridges (Fig. 39C-D) . In lateral profile the dorsal valve is 

regularly to irregularly conical ,  low to high, and on ave rage 
42 % as high as wide (Table 33) ; the maximum height 

occurs near the centre of the valve (Fig. 1 1 0D) or slightly 

subcentrally, towards the posterior margin (Fig. 1 1 0A) . 

The dorsal larval shell is commonly broken in adults, and 

in some specimens the remaining hole is partly or com

pletely plugged by shell material (Figs. 1 05G, 1 1  OH) . The 

dorsal interior has a pair of well developed and raised 
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cardinal muscle scars on the posterior wall, occupying up 

to 82% of the total width ; on the anterior wall there are 

raised markings of unknown function (Fig. 105G) . The 

dorsal valve is ornamented with faint, closely spaced, 

slightly irregular fila (Fig. 1 10B, F) . For shell structure, see 

above (p .  48 , Fig. 39A-H) .  

Ontogeny. - The dorsal larval shell is nearly circular, about 

0.20 mm across. It is ornamented with large, circular pits, 

9 �m in diameter, separated by clusters of small pits, 

800 nm across (Fig. 1 10B-D) . In some specimens the shape 

of the dorsal larval shell appears to reproduce the configu

ration of the substrate; some larval shells have circular and 

bulbous nodes, each up to 0.05 mm across (Fig. 1 1 0B, F) . 

The ventral larval shell is poorly defined, about 0 .20 mm in 

diameter (Fig. 39B) . There are no larval pits, but the 

exterior has scattered shallow 'pores' , of which the central 

one could possibly represent a sealed pedicle foramen (Fig. 

39B) . In some dorsal valves the boundary between the 

larval and brephic stages is transitional ;  there is a gradual 

decrease in size of larval pits towards the edge of the shell 

(Fig. I l  OA-C) .  More rare ly the boundary is sharply deline

ated (Fig. 1 1 0D-F) . Juvenile dorsal valves (W 0 . 19-0.74) 

have traces of cardinal muscle scars. Juvenile ventrai valves 

were poorly mineralized or not mineralized at all ; they 

probably consisted of a periostracum pierced by numerous 

'pores ' .  The adult stage (W 0 .74-l .02) was reached when 

the mineralization of the ventrai valve was initiated. The 

ventrai valve was thickened by the accretion of successively 

parallei apati te lamellae , secreted on the inside of the 

previous ones. However, the valve was not further widened 

(Fig. 39E-H) . This ' inside growth ' was most rapid along the 

anterior margin of the ventrai valve (Figs. 39F, 1 051) . The 

adult dorsal valve did not increase apparently beyond a 

certain size, and through later growth it became thickened 
by the accretion of parallei lamellae . During a possible 

gerontic stage the dorsal larval shell was closed off by a 

partition (Figs. 1 05G, 1 1 0G) . The dorsal larval shell is 

much thinner than the rest of the shell and is generally 
broken in large specimens; for this feature there are two 
possible main explanations: ( l )  the shell material was re
sorbed, or (2 )  the dorsal larval shell was poorly mineral
ized. The breakage could have taken place either during 

the life of the brachiopod or postmortally. 

Discussion. - The Swedish material is close morphologically 

to Eoconulus clivosus Popov from the Middle Ordovician 

Bestamak Formation of Kazakhstan (Popov 1 975, Pl. 5 :31-

35)  in  having ( 1 )  a comparatively high (H/W ratio about 

40% )  irregular ventrai valve with a nearly straight posterior 

margin, (2) a triangular lateral outline of the ventrai valve 

with maximum height near the anterior margin, and (3 )  a 

pair of well developed, large cardinal muscle scars in both 

valves. E. cf. clivosus also resembles the lower Whiterock 

species E. antelopensis Krause & Rowell ( 1 975) from Nevada, 

which differs, however in having ( l )  proportionally 

smaller cardinal muscle scars, (2 )  a proportionally higher 

ventrai valve (H/W ratio about 58 %) , and (3) a conical 

dorsal valve, with concave anterior and posterior surfaces. 

The Swedish material is also close to E. cf. clivosus described 
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Fig. 1 05. OA-B. Eoconulus sp. nov. a? ; Holen Limestone (sample GB81 -0) ; Brl 32584. DA. Dorsal exterior; x76. DB.  Side view of A; x76. OG

F. Eoconulus sp. nov. a. OC. Exterior of a dorsal valve; Kårgirde Limestone (sample DLK83-segk-4) ; Br 1 28918 ,  xl 00. OD .  Ornamentation of 
the larval shell of C; x757. DE .  Ventrai exterior, showing a cylindrical attachment scar; note the central protegulum with bulla; Kårgirde 
Limestone (sample DLK83-segk-4) ;  Br1 28922, x I OO. OF. Stereo-pair; interior of a ventral valve, showing the apical process and cardinal 
muscle scars; Kårgirde Limestone (sample DLK83-segk-4) ;  Brl 28920, x8l .  OG-I . Eoconulus cf. clivosus Popov, 1 975; Skirlov Limestone 
(sample DLK83-si-2) . O G. Stereo-pair; dorsal interior; Brl 28962, x57. OH. Stereo-pair; interior of a ventrai valve; Brl 28960, x45. DI .  Side 
view of H; x60. 
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Table 32. Eoconulus cf. clivosus Popov, average dimensions and ratios of ventral valves. 

W L L/W WM 

DLK83-så-2 
n 1 1  1 1  1 1  5 
mean 0.86 0.80 93% 0 .68 

0.073 0.051 6.000 0.039 
min 0.74 0 .71  85% 0.62 
max 1 .02 0.87 1 04% 0.71 

Table 33. Eoconulus cf. clivosus Popov, average dimensions and ratios 
of dorsal valves. 

W L L/W H H/W 

DLK83-så-l , 2 
n 1 4  1 4  1 4  9 9 
mean 0.72 0.67 93% 0.29 42% 

0 . 109 0. 1 07 6.847 0.054 9 .262 
min 0.50 0.43 84% 0.20 29% 
max 0.88 0.84 1 08% 0 .36 54% 

by Popov ( in Nazarov & Popov 1 980, Pl. 29: 1-3)  from the 

Middle Ordovician Karakan Formation of Kazakhstan . 

McClean ( 1 988) described a polygonal mosaic from the 

visceral area of the dorsal valve of an unnarned Eoconulus. 

A similar pattern is also present in the Swedish material of 
E. cf clivosus; in all probability this polygonal pattern repre

sents epithelial moulds (McClean 1988) . 

Occurrenæ. - Eoconulus cf clivosus is known from the Skirlov, 

Seby Limestone, and Folkeslunda limestones of Dalarna 

(Fig. 9A) . 

Eoconulus cf. semiregularis Biernat, 1 973 
Figs. 39I, 1 06, 1 07, 1 1 1  

Synonymy. - D v  cf. 1973 Eoconulus semiregularis n.sp .  - Bier

nat, p. 1 1 2, Pl. 36: 1-8 .  Dv cf. 1 982 Eoconulus semiregularis 

Biernat, 1 973 - Popov et al . ,  p. 1 0 1 ,  Fig. 2 :6 .  

Material. - Figured; Brl 32719d (W 0 .74, L 0 .70, H 0 . 19 ) , 
Brl 32682 (W 0 .62 ,  L 0 .60, H 0.09) , Brl 3271ge (W 0.74, L 
0 .74, H 0 .22 ) ,  Br1 32719b (W 0.76, L 0 .70, H 0.29) , 
Brl 3279 1  (W 0.54, L 0 .54, H 0.23) , Br1 3270 1 a  (W 0 .71 , L 
0.62, H 0 . 1 2 ) . Total of 2248 dorsal and 707 ventrai valves. 

Diagnosis. - See Biernat ( 1973, p. 1 1 3) . 

Description. - The valves are almost circular, on average 97% 

as long as wide (OR 84-1 1 3 % ;  N=36; Tables 34,  35) . The 

cemented ventrai valve has an attachment scar that is either 

flat (Fig. l 06E) , irregular (Figs. 106D, 1 07C) , or most 

commonly cylindrical . In a few specimens the attachment 

scar reproduces a pattern with one or severai paralleI ridges 

(Fig. 1 07A) that sometimes bear regularly spaced nodes 

(Fig. l 06A) . The concentric growth lines are poorly de

fined (Fig. 1 06E) and there are a few scattered exterior 

'pores' (Fig. 391) . The ventrai valve averages 28% as high 

as wide (Table 34) , with the maximum height some dis

tance from the anterior margin (Fig. 1 061) ; in lateral pro

file the posterior margin is most frequently low and 

rounded (Fig. 1 06D-E, 1 07C) . The ventrai cardinal muscle 

LM LM/WM H H/W 

5 5 1 0  1 0  
0 .41 62% 0 .34 39% 
0.049 7 .797 0.097 9.920 
0.36 5 1 %  0.22 26% 
0.46 7 1 %  0 .51  58% 

scars are well developed and raised (Fig. 1 061) , averaging 
77% as long as wide (Table 34) , forming about 70-80% of 

the total width . Near the centre of the valve a distinct apical 

pro cess is present; it is of varying shape, low to high, in 

places forked and elongated, and occupies up to about 

50% of the total length (Fig. 1 061) . In some specimens a 

rounded or triangular pedicle foramen is situated directly 

posterior to the apical process. The dorsal valve (Fig. I l l )  

is almost identical to that of Eoconulus sp. nov. a (Fig. 

1 05A-D; see also Biernat 1 973) ; it commonly lacks a pro

nounced beak and the interior is without recognizable 

structures. The dorsal valve is high ly conical, generally 

above half as high as wide (Table 35) ; the maximum height 

is generally at about the centre of the valve, but some 

specimens have a pronounced beak towards the posterior 

margin. 

Ontogeny. - The cemented ventrai valve of Eoconulus cf. 

semiregularis has a possible protegulum (or early larval 

shell) , about 0 .07 mm wide, the morphology of which is 

described and discussed above (p .  63, Figs. 1 06, 1 07) . The 

larval shell is circular, about 0 .25 mm across. The dorsal 

larval shell is about 0 .08 mm high and distinctly pitted with 

pits closely similar to those of Eoconulus sp. nov. a (Fig. 

1 05C-D ) . In contrast, the ventrai larval shell completely 

lacks pits. Growth lines are also absent, but it has numerous 

irregular wrinkles and some scattered 'pores' (Figs. 1 06B, 

F, 1 07B, D) . The boundary between the larval and juvenile 

shell is sharply delineated on both valves; on the ventrai 

valve there is a line of disturbance in growth (Fig. 1 07B, D ) . 
During the juvenile stage (W 0.25-0.5 1 ,  L 0 .25-0 .46) the 
ventrai valve was either poorly mineralized or not mineral

ized at all .  The juvenile dorsal valve is up to 0 .31  mm high. 
The adult stage (W 0 .51-0.68, L 0 .46--0 .60)  was reached at 
about the point when the ventrai valve became thickened 

by interior accretion (as described above in E. cf. clivosus) . 

Occasionally, the ' inside growth ' of the ventrai valve was 

Fig. 1 06. Eoconulus cf. semiregularis Biernat, 1 973. DA. Stereo-pair; 
ventrai exterior, showing the attaehment sear; Gullhogen Lime
stone ( sample GB84-2-9) ; Br1 32682, x72. DB. The larva! shell of A; 
x229. De. Protegular ornamentation of a ventra! valve; Gullhogen 
Limestone (sample GB84-2-19) ; BrI 3271ge,  x41 34. OD .  Side view 
of exterior of a ventral valve; Gullhogen Limestone ( sample GB84-
2-19) ; Br 1 32719b, x85. DE .  Ventrai exterior; Gullhogen Limestone 
( sample GB84-2-19) ; Br1 32719d, x72. O F. Stereo-pair; the larva! 
shell of E; x286. O G. Detail of the protegulum of E, showing the 
bulla; x1500. OH.  Detail of G, showing the protegular apertures; 
x6900. DI. Side view of interior of a ventral valve; Gullhogen 
Limestone (sample GB84-2-27) ; Brl3279 1 ,  xl 00. 
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Fig. 107. Eoconulus cf. semiregularis Biernat, 1 973. DA. Ventrai exterior, showing attaehment sear with three parallei ridges; Gullhogen 
Formation (sample GB84-2-1 1 ) ;  Br 1 32701a, x 1 00. DB .  Oblique side view of the larval shell of A, the protegulum indieated by an arrow; x4S0. 
D C. Exterior of a ventral valve, showing an irregular attaehment sear; Gullhogen Formation (sample GB84-2-19) ; Brl3271ge, x70. OD. Detail 
of C, showing the larval shell, protegulum; x600. DE .  Side view of the protegulum of C; note the bulla and the lateral aperture; x9S0.  

most rapid along the anterior margin (Fig. 1 061) , but more 

commonly the ventrai valve forms a truncated cone (Figs. 

106D, 107C) . During the adult stage the raised ventrai 

cardinal muscle scars and the apical process were formed. 

The adult dorsal valve is up to 0 .46 mm high . Some very 

thick ventrai valves (more than 0.68 mm wide) possibly 

belong to the gerontic stage (e .g . ,  Fig. 106E; see also Fig. 

46) . 

Discussion. - The type material of Eoconulus semiregularis 

Biernat ( 1 973, Pl. 36 :1-8) is known from the dorsal valve 

only, derived from an Ordovician erratic boulder the exact 

age of which is unknown. The shape, size and convexity of 

the dorsal valve of Biernat' s species is very suggestive of the 

dorsal valves in the Swedish specimens, but as the Polish 

species is still poorly known, open nomenclature is pre

ferred here as means of expressing the comparison .  
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Table 34. Eoconulus cf. semiregularis Biernat, ave rage dimensions and ratios of ventral valves. 

W L L/W WM 

DLK83-fur-6 
n 1 8  1 8  1 8  1 7  
mean 0.62 0.63 95% 0.47 

0.086 0.066 7.448 0.077 
min 0 .51  0 .46 84% 0.36 
max 0 .81  0.73 1 08% 0 .62 

Table 35. Eoconuluscf. semiregularis Biernat, average dimensions and 
ratios of dorsal valves. 

W L L/W H H/W 

DLK83-fur-6 
n 1 8  1 8  1 8  1 7  1 7  
mean 0.46 0.46 99% 0.29 59% 

0. 1 26 0. 1 20 6.922 0. 1 1 7 1 3.535 
min 0.26 0.28 93% 0. 1 2  43% 
max 0.68 0 .60 1 1 3% 0.46 90% 

Occurrence. - Eoconulus cf. semiregularis is the fourth most 

eommon species in the Viru sequenee investigated for this 

monograph. It ranges from the Gullhogen Formation to 

the Ryd Limestone in Vastergotland (Fig. 8B-C) , and in 

Dalarna it is restrieted to the Furudal Limestone (Fig. 

9A-B) . On Oland the species is known from the Kalla 

Limestone. 

Eoconulus Sp. nov. a 
Figs. 37, 38D, ? 1 05A-B, 1 05C--F, 1 1 0l ,  I I I  

Material. - Figured; Brl 33595e (seetion) ,  Brl 28923 (W 

0.45, L 0.47; seetion) ,  ?Brl 32584 (W 0.7 1 ,  L 0 .76, H 0.45) , 

Br1 28918  (W 0.57, L 0.57, H 0.29) , Brl28922 (W 0.43, L 

0 .46) , Brl28920 (W 0.60, L 0.62) . Total of 1 84 dorsal and 

53 ventrai valves .  

Description. - The valves are almost cireular, on average 

1 02 %  as long as wide (OR 92-1 1 5 % ;  N=26) . The ventrai 
- -

valve (W 0.5 1 ,  L 0.52;  N=1 1 ;  DLK83-segk-4) is less than 

0 . 1 0  mm high . In most specimens the attaehment sear is 

eylindrical in eross-seetion (Figs. 37, 1 05E) ; there are some 
seattered 'pores' that oeeasionally penetrate the entire 

thiekness of the valve. The ventrai eardinal muscle scars are 
either poorly developed or most commonly not preserved 

(Fig. 1 05F) . The apical process is small and low. Some 

specimens have a circular to triangular pedicle foramen 

immediately posterior to the apical process. The dorsal 
- -

valve (W 0.49,  L 0.49;  N= 1 5; DLK83-segk-4, 6) is generally 

more than half as high as wide; the apex is subcentral , but 

is sometimes recurved and submarginal (Fig. 1 05A-C) . 

The dorsal interior lacks recognizable structures. The on

togeny was not examined in detail, but it appears to be 

close to that of E. cf. semiregularis. The ventral larval shell is 

eircular, about 0 .25 mm aeross (Fig. 1 101) . The dorsal 

larval shell is ornamented with large pits, up to 9 11m aeross, 

sometimes overlapping, separated by clusters of smaller 

pits up to 800 nm across (Fig. 1 05D ) . The shell structure is 

outlined above (p. 48, Figs. 37, 38D) . 

LM LM/WM H H/W 

1 7  1 7  1 8  1 8  
0 .36 77% 0 . 19  28% 
0.041 9 . 192 0.082 1 1 .730 
0.28 53% 0.09 1 5 %  
0.42 95% 0.33 48% 

Discussion. - Eoconulus sp. nov. a is similar to E. cf. semi

regularis. The dorsal valves are indistinguishable . However, 

the maximum size of E. sp. nov. a is smaller, and the ventrai 

valve appears to be much thinner, with more poorly devel

oped cardinal muscle scars and apical process. Specimens 

from the Holen Limstone of Vastergotland (Fig. 1 05A-B) 

cannot be assigned unconditionally to this species, because 

the ventrai valve has not been identified. The formal erec

tion of a new species is postponed until more material has 

been isolated from other regions. 

Occurrence. - In Dalarna Eoconulus sp. nov. a is restricted to 

the Kårgarde Limestone (Fig. 9A) . In Vastergotland there 

is a questionable oceurrence in the Holen Limestone (Fig. 

8A) . In jamtland (samples j70-1 6 1 , j69-37-38, 43) and on 
Oland the species is known from the Segerstad Limestone. 

Eoconulus cf. cryptomyus Goryanskij , 1 969 
Figs. 38E, 1 08A, 1 09A, 1 1 1  

Synonymy. - D v  cf. 1 969 Eoconulus cryptomyus Gorjansky sp. 

nov. - Goryanskij ,  p .  1 08,  Pl . 20:5-8. Dv cf. 1 973 Eoconulus 

cryptomyus Gorjansky, 1 969 - Biernat, p. 1 1 2 ,  Pl. 34, 35, 

36:9-10 .  

Material. - Figured; Brl 33595n ( section) ,  Brl 29035 (W 

1 . 1 2 ,  L 0 .91 ) ,  Brl 28926 (W 0.9 1 ,  L 0.78) . Total of 36 dorsal 

and 2 ventrai valves. 

Diagnosis. - See Goryanskij ( 1 969, p. 1 08) . 

Description. - The valves are subrectangular, on average 

82% as long as wide (OR 77-89% ;  N=9) . The ventrai valve 

is thin, most commonly fragmentary, flattened in lateral 

profiie; the posterior margin is almost straight. The inte

rior is surrounded by a narrow rim (Fig. 1 09A) . The exte

rior is without growth lines. The apical proeess is poorly 

developed or lacking. The ventrai cardinal muscle sears are 

small and widely spaeed, up to 0.28 . mm apart, and about 

40% as long as wide (Fig. 1 09A) . The dorsal valve (W l . 13 ,  

L 0.92; OR W 0.93-l .44, L 0 .73-l . 2 1 ;  N=8)  i s  reguiarly 

conical with a subcentral apex that is almost invariably 

broken (Fig. 1 08A) . In some specimens the ornamentation 

of the dorsal valve reproduces the eonfiguration of the 

substrate (Fig. 1 08A) . The dorsal interior any lacks recog

nizable structures. 

Remarks on ontogeny. - The ontogeny is not known in detail .  

Apparently the ventrai valve became mineralized fairly late 

in its development, and during earlier stages possibly only 

the ventrai eardinal muscle sears were mineralized. No 

brephie or juvenile dorsal valves were identified. Appar-
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Fig. 108. DA. Eoconulus cf. cryptomyus Goryanskij ,  1 969; dorsal exterior; note the attaehment sear with three parallel ridges; Folkeslunda 
Limestone (sample DLK83-Fo-1 ) ;  Brl 29035, x47. D B-F. Eoconulus rolmstus sp. nov. DB. Stereo-pair; exterior of a dorsal valve; Ryd Limestone 
(sample GB84-3-59) ; Br 1 32877, x65. D C. Holotype;  dorsal exterior; Dalby Limestone (sample D60-214 ) ; Br1 287 1 2, xl OO. OD. Side view of 
C; x l 1 0 .  DE. The larval shell of C; x332. OF. Detail of the ornamentation of C; x3320. 

ently, the dorsal larval shell on older individuals is very 

easily broken; the broken apex appears to have been 

plugged by shell material . 

Discussion. - Eoconulus cryptomyus was described from the 

Aserian Stage in the Pskov district by Goryanskij ( 1 969, Pl. 

20:5-7) , who also illustrated material from the Kundan 

Stage at Paldiski, Estonia (Pl .  20:8) . The dorsal valves illus

trated by Goryanskij com pare closely with with those illus-

trated here. The ventrai valve of E. cryptomyus is not known . 

Some dorsal valves from the Volkhovian Stage of 

Suhkrumagi quarry, Tallinn,  Estonia, were referred to E. 

cryptomyus by Biernat ( 1 973) . The broken apex of one 

dorsal valve (Biernat, 1 973, Pl. 34:4) in her material ap

pears to be plugged by shell material . 

Occurrence. - In Dalarna and on Oland Eoconulus cf. 

cryptomyus is restricted to the Segerstad Limestone (Fig. 
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Fig. 1 09. DA. Eoconulus cf.  cryptomyus Goryanskij,  1 969; ventrai interior; Kårgårde Limestone (sample DLK83-segk-2) ;  Brl 28926, x57. D B- E .  
Eoconulus robustus sp .  nov. DB.  Stereo-pair; exterior of  a ventral valve; Dalby Limestone (sample GB84-3-49) ;  Br1 32860b, x43. De. Ventrai 
exterior; Dalby Limestone (sample DLK83-dal-12) ; BrI 325 1 1 ,  x57. DO.  Interior of a ventral valve; Dalby Limestone (sample DLK83-dal-9) ;  
Br1 32498, x57. DE.  Ventrai interior; Dalby Limestone (sample GB84-3-49) ;  Brl 32860a, x50. 

9A) . It is also known from the Segerstad (samples J70-1 65-

1 66, J69-35, 37-38, 4 1 )  and the Skarlov limestones (sample 

J70-1 67) ofJamtland. 

Eoconulus robustus Sp. n ov. 
Figs. l 08B-F, l 09B-E, I I I  

Name. - Latin robustus, strong; alluding to the thiek dorsal 
valves. 

Holotype. - Br1 28712 ,  complete dorsal valve, Fig. 1 08C-F 

(W 0.78, L 0.67, H 0.45) , from the Dalby Limestone, Fjaeka 

seetion (sample D60-2 1 4) , E>alarna. 

Paratypes. - Figured; Br1 32877 (W 0.95, L 0 .8 1 ,  H 0.50) , 

Brl 32860b (W l .07, L -0.78) , Brl 3251 1 (W 0.88, L 0 .78) , 

Br1 32498, Br132860a (W l .04, L -0 .78) . Total of 2258 

dorsal valves and 12 ventrai valves. 

Diagnosis. - Valves subreetangular, ventrai valve thin, with 

regular to irregular attaehment sear. Ventrai interior dom

inated by large eardinal muscle sears. Apical proeess laek

ing. Ventrai valve mineralized late in ontogeny. Dorsal 

valve with subeentral apex. Dorsal interior with well devel

oped eardinal muscle sears. 

Description. - The valves are subreetangular, on ave rage 

82% as long as wide (1\'=20; Table 36) . The ventraI valve is 

thin and has a smooth, regular (Fig. 1 09D-E) or irregular 

(Fig. 1 09B) attaehment se ar with growth lines and numer

ous exterior shallow 'pores' (Fig. 1 09B) . The ventraI inte

rior is surrounded by a raised rim (Fig. l 09E) . The eardinal 
-- --

muscle sears are large (WM l .02, LM 0.64; OR WM 0.81-
1 .24, LM 0.57-0.78 ;  1\'=4) , 63% as long as wide (OR 56-
73% ) ;  they oeeupy well over 90% of the total width and 
slightly less than 80% of the total length (Fig. 1 09D-E) . 

The ventraI interior has some scattered shallow 'pores' 
(Fig. 1 09B) . The dorsal valve is on ave rage 48% as high as 
wide (Tab le 36) . In lateral profile the outline is regularly to 

slightly irregularly eonieal, generally with a subeentral apex 

(Fig. 1 08B, D ) . In dorsal view the posterior margin is almost 

straight (Fig. 1 08B) or rounded (Fig. 1 08C) . The ornamen

tation of the dorsal valve sometimes reproduees the config

uration of the substrate (Fig. 1 08B) . The dorsal valve is 

ornamented with closely spaeed, irregular, minute fila (Fig. 

1 08F) . The dorsal eardinal muscle sears are large , on aver

age 64% as long as wide (Table 36) . 

Remarks on ontogeny. - The ventral larval shell of Eoconulus 

robustus could not be identified. The dorsal larval shell is 
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Fig. 1 1 0. DA-H. Eoconulus cf. clivosus Popov, 1 975. DA. Side view of a dorsal exterior; Seby Limestone (sample DLK83-se-5) ;  Br l 336l 8b, x l 1 5 .  
DB .  Detail o f  A ,  showing the larval shell; x290. De.  Detail of B, showing the edge of larval shell; x1 200. D D .  Dorsal exterior; Seby Limestone 
(sample DLK83-se-5) ;  Brl 336l 8a, x80. DE. Side view of D;  x1 20. D F. Detail of E,  showing the larval shell; x300. D G. Exterior of a dorsal valve; 
Skarl6v Limestone (sample DLK83-sa-2) ; Brl 2896 l ,  x41 .  DH.  Detail of the apex of G, showing the broken larval shell; xl 06. DI .  Eoconulus 
sp. nov. a; detail of a dorsal larval shell (see also Fig. l 05e) ; Kårgarde Limestone (sample DLK83-segk-4) ;  Brl 289 l 8, x195 .  D]. E. robustus sp. 
nov. ;  side view of a dorsal larval shell ( see also Fig. l 08C) ; Dalby Limestone (sample D60-2 l4) ;  Br12871 2,  x 180. 
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Table 36. Eoconulus roilustus sp. nov. , average dimensions and ratios of  dorsal valves. 

W L L/W WM 

DLKB3-dal-4 
n 1 8  1 8  1 8  9 
mean 0.70 0.57 82% 0.60 

0 .282 0.204 5. 1 1 7  0.220 
min 0.37 0 .31 73% 0.36 
max 1 .43 1 .05 9 1 %  1 .04 

Eoconulus robustus 

EoconululS cf. lSemlregularllS 

EoconululS cf. cll"olSulS 

EoconululS sp. nov. a 

EoconululS cf. cryptomyulS 

Fig. 1 1 1. Comparison between species of Eoconulus. Figure pre
pared by Lennart Andersson (Stockholm) . 

almost circular, about 0 .20 mm across (Fig. 1 08E) . In most 

specimens the boundary with the juvenile stage is not 

sharply delineated. In some specimens there is a line of 

growth disturbance at the edge of the dorsal larval shell, 

LM LM/WM H H/W 

9 9 1 8  1 8  
0 .39 64% 0.33 48% 
0 . 148 6.021 0. 1 39 4.947 
0 .23 56% 0 . 14  35% 
0.67 77% 0.62 56% 

the irregular outline of which reproduces the configura

tion of the substrate (Figs. 1 08B, E, 1 1 0J) . Mineralization 

of the ventraI valve did not take place until late in ontog

eny. Some isolated cardinal muscle scars were found, prob
ably indicating that they became mineralized before the 

rest of the valve . 

Discussion. - The dorsal valve of Eoconulus robustus is similar 

to that of E. rectangulatus Cooper ( 1 956, Pl. l OB: 1 1-13)  , E. 

transversus Wright ( 1 963, Pl. 3 :4, 8, 1 2 ,  1 3) ,  and E. 

cryptomyus Goryanskij . However, the ventraI valve is un

known from any of these species. The dorsal valve of E. 

rectangulatus differs from the Swedish species in having a 

median sep turn (Cooper 1 956, Pl. l OB: 13 ) . E. transversus 

differs from E. robustus in having a less conical dorsal valve . 

The dorsal valve of E. cryptomyus completely lacks all traces 

of cardinal muscle scars. The ventraI valve of E. robustus is 

most similar to that of E. cf cryptomyus from the Kårgarde 

Limestone. However, the ventraI cardinal muscle scars of 

this species are proportionally much smaller than those of 

E. robustus (e .g .  Fig. l l l ) .  

Occurrence. - In the Swedish Viru sequence Eoconulus 

robustus is the fifth most abundant species. It ranges from 

the Ryd to the lower Dalby limestones of Vastergotland 

(Fig. 8C) , and in Dalarna it is known from the Furudal to 

Dalby limestones, and questionably from the uppermost 

Folkeslunda Limestone (Figs. 9 ,  1 0) . It has also be en re

corded from an erratic boulder of lower Dalby Limestone 

from Uppland. 

Order Discinida Kuhn, 1 949 ( sensu Kuhn 
1 949, p.  99) 
[ nomen correctum herein (pro Order Discinacea Kuhn, 1 949, p .  99,  
nomen imperjectum) l 

Superfamily Discinacea Gray, 1 840 

Diagnosis. - See Rowell ( 1 965, p .  H282 ) . 

Discussion. - The first records of undisputed discinaceans 

are of early Ordovician age, when the stock is already split 

into two well separated families; the Trematidae , in which 

the central posterior sector of the ventraI mantle edge 

never secreted shell, and the Discinidae, in which the 

ventraI pedicle opening was enclosed by an entire posterior 

margin in the adult shell (Williams & Rowell 1 965b) . Wil

liams & Rowell ( l 965a, p. H78) pointed to similarities in 

shell structure between discinaceans and acrotretaceans 

that are not confirmed here ( see above , p. 35) . As shown 

by Koneva & Popov ( 1 983) , the formation of an 'acrotretid-
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like ' pedicle foramen from a lingulid ventraI valve is com

paratively simple . This change could have taken place con

vergently severai times in different stoeks ( see above , p .  

69) . The suggestion of Wright ( 1 979) and Popov ( in Na

zarov & Popov 1 980) , to exclude the Discinacea from the 

Acrotretida and include it in the separate order Discinida, 

is accepted here .  

Family Trematidae Schuchert, 1 893.  

Genus Trematis Sharpe, 1 848 

Type speeies. - Subsequent designation by Davidson 1 853, p. 

1 30; Orbicula terminalis Emmons, 1 842, from the Middle 

Ordovician of New York State , U.S .A. 

Diagnosis. - See Rowell ( 1 965, p. H283) . 

Trematis? Sp. 

Material. - Total of 3 dorsal and 2 ventrai valves (not 

illustrated) . 

Remarks. - The fragments of this unidentified speeies are 

referred tentatively to Trematis. The dorsal valve is some

what similar to the Middle Ordovician Trematis? spinosa 

Cooper ( 1 956, Pl. 1 1 1 :22-24) from the Pratt Ferry beds of 

Alabama, in having a narrow shelf-like pseudointerarea 

and a slightly spinose posterior margin.  The valves are 

ornamented with poorly developed, shallow pits. 

Occurrence. - Fragments of Trematis? sp. are known only 

from the Furudal and Dalby limestones of Dalarna (Figs. 

9B-C, 10) . 

Family Discinidae Gray, 1 840. 

Subfamily Orbiculoideinae Schuchert & 
LeVene, 1 929 

Diagnosis. - See Rowell ( 1 965, p .  H285) . 

Discussion. - Throughout the sequence an as yet undeter

mined num ber of taxa occur that are referrable to this 
subfamily. Some of the better preserved orbiculoideines 
are considered briefly below, under open nomenclature . A 

special study of the group is outside the scope of the 
present paper; this requires additional selective collecting 

of macroscopic specimens in the field. Much of the mate

rial is highly fragmented and/or represents juveniles; the 

identification of dorsal and ventrai valves belonging to the 

same species is commonly not obvious. The stratigraphic 

distribution of orbiculoideines is recorded in the faunal 

logs at the subfamily level only. 

Genus Orbiculoidea D ' Orbigny, 1 847 

Type speeies. - Subsequent designation by ICZN plenary 

powers, opinion 722, 1 965; Orbicula forbesi Davidson, 1 848, 

from the Wenlock (Homerian) of West Midlands, England. 

Diagnosis. - See Rowell ( 1 965, p .  H285) . 
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Discussion. - Most speeies referred to the genus have valves 

with a nearly circular outline and are regularly conical with 

a subcentral apex. In addition, there is a well developed 

listrium running from the apex to the anterior end of the 

pedicle foramen. However, none of the species described 

below can be assigned unconditionally to the genus. 

Orbiculoidea? Sp. a 
Fig. 1 1 2A-B 

Material. - Figured;  Br1 29025 (W 3.41 , L -3.41 ) .  Total 

num ber of speeimens not determined. 

Remarks. - Only the dorsal valve of this strongly or

namented speeies could be identified (Fig. 1 1 2A) . The 

valve is nearly eireular, depressed in lateral profile with the 

apex situated about 1 / 1 0  the distance of the total length 

from the posterior margin. The valves are ornamented with 

high rugae , up to five per mm (Fig. 1 1 2B) ; the postlarval 

surface is covered with pits, similar to those in Orbiculoidea? 

sp. b. The larval valve is about 0.50 mm across. 

Occurrence. - The species is restricted to the Folkeslunda 

Limestone of Dalarna. 

Orbiculoidea? Sp .  b 
Figs. 1 9D-j, 44A-C, 1 1 2C-D, ?E-F, 1 1 3D ,  ?E-F 

Material. - Figured; Brl 32676f, g ( sections) , Br1 3261 3, 

Brl 32723 (darnaged) , ?Brl 28957 (darnaged) , Brl 3261 2  

(darnaged) , ?Brl29000 (darnaged) . Total number o f  spec

imens not determined. 

Description. - The valves are almost circular in outline. In 

lateral profile the outline is flattened. The dorsal valve has 

a submarginal apex (Fig. 1 1 2D) , whilst the ventraI apex is 

subcentral (Fig. 1 1 3D-E) . The ventraI valve has a well 

developed, wide, long listrium that is up to about 40% as 

long as wide and occupies up to about 90% of the distance 
from the posterior margin to the larval shell (Fig. 1 1 3D) . 
The valves are ornamented with rugae (Figs. 1 1 2F, 1 1 3F) , 
up to seven per mm. For ontogeny and shell structure see 

above (pp. 35, 59, Figs. 1 9D-j, 45A-C) .  

Occurrence. - In Vastergotland Orbiculoidea? sp. b is known 

from the Gullhogen Formation, and it also occurs ques

tionably in the Kårgarde and Skarlov limestones of 

Dalarna. 

Orbiculoidea? Sp .  C 
Fig. 1 1 3A-C 

Mdterial. - Figured; Br 1 28997 (darnaged) , Brl 32804 (dam

aged) .  Total number of speeimens not determined. 

Remarks. - Only the ventraI valve of this speeies is known 

(Fig. 1 1 3A-C) . It appears to be almost circular in outline ,  

with a subcentral apex. The larval shell appears to be very 

large , possibly up to 0.88 mm across . However, its outline is 

not sharply delineated. A very short listrium begins imme

diately outside the larval shell. The central portion of the 
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Fig. 1 12. DA-B. Orbiculoidea? sp. a; Folkeslunda Limestone (sample DLK83-fo-1 ) ;  Br 1 29025. DA. Exterior of the dorsal valve; x14. DB. Detail 
of the ornamentation of A; x71 .  D C-D. Orbiculoided? sp. b. DC. Dorsal exterior; Gullhogen Formation (sample GB84-2-19) ; Br1 32723, x14 .  
OD.  Side view of C; x 14. D E-F. Orbiculoided? sp.  b? DE. Exterior of a dorsal valve; Kårgarde Limestone ( sample DLK83-segk-7) ;  Brl 28957, 
x25. OF. Detail of the ornamentation of E; x225. DG-K. Schizotreta sp. a. O G. Dorsal exterior; Folkeslunda Limestone (sample DLK83-fo-1 ) ;  
Brl 29023, x25. OH.  Detail of the ornamentation of G; x679. DI .  Exterior of a dorsal valve; Holen Limestone (sample DLK84-hol-25) ; 
Brl 2886 1 ,  x25. DJ. Detail of the apex of]; x44. D K. Dorsal exterior; Gullhogen Formation (sample GB84-2-37) ; Brl 32829, x25. 

ventrai posterior margin apparently started to secrete shell 

material at a relatively early stage in ontogeny. 

Occurrence. - In Dalarna the speeies occurs in the Skårl6v 

Limestone and in Våsterg6tland in the Gullh6gen Forma

tion. 

Genus Schizotreta Kutorga, 1 848 

Type species. - Original designation;  Orbicula elliptica 

Kutorga, 1 846, p. 1 23 ,  probably from the Lower Ordovician 

(Volkhovian or Kundan stages; L. E. Popov, personal com

munication, 1 985) , Pulkova, Leningrad distriet, U.S .S .R. 

Diagnosis. - See Rowell ( 1 965, p .  H275 ) . 
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Fig. 1 13. DA-C. Orbiculoided2 sp c. DA. Ventrai exterior; Skårliiv Limestone (sample DLK83-så-6) ;  Brl 28997, x25. DB.  Exterior of a ventral 
valve; Cullhiigen Formation (sample CB84-2-35) ; Br1 32804, x25. O C. Side view of B;  x25. OD.  Orbiculoided2 sp. b; ventrai exterior; Cullhiigen 
Formation (sample CB84-1-3) ; Br1 32612,  x45. OE-F. Orbiculoidea? sp. b? DE. Exterior of a ventral valve; the location ofF is indicated; Skårliiv 
Limestone (sample DLK83-så-7) ; Br1 29000, x45. O F. Detail of the pitted ornamentation of F; x318 .  OG-J. Schizotretd2 sp. a? O G. Ventrai 
exterior; Dalby Limestone (sample DLK83-dal- 12 ) ; Brl 325 1 6, x45. OH.  Detail of the ornamentation of C, showing the larval and juvenile 
shells; x 1 7 l .  DI. Ventrai view of a complete juvenile shell; Furudal Limestone (sample DLK83-fur-17 ) ; Brl 32434, x45. OJ. Ventrai exterior; 
Skårliiv Limestone (sample DLK83-så-6) ;  Br 1 28998, x45. 

Discussion. - Speeies of Schizotreta differ from most species 

of Orbiculoidea in having elongated and flattened valves with 

a submarginal apex; the ventrai valve has a short, marginal 

listrium. 

Schizotreta Sp. a 
Figs. 19A-C, 45D-F, 1 1 2G-K, ? 1 1 3G-J 

Material. - Figured; Br1 33608d (seetion) ,  Brl 29053 (dam

aged) , Br1 29023 (W 2.05,  L 2 .23) , Br128861 (darnaged) , 
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Br1 32829 (W 2.32, L 2 .72) , Br1 325 1 6  ( darnaged) , 

Brl 32434 · (damaged) ,  Brl 28998 (darnaged) . Total num

ber of specimens not determined. 

Description. - The valves are elongate oval in outline, about 

80-90% as wide as long. The ventraI valve is poorly known; 

in lateral profile it is flattened, with a submarginal apex, 

and there is a short marginal pedicle notch that lies outside 

the larval shell. Apparently no Iistrium is developed (Fig. 

1 1 3G, I-J) . In lateral profile the dorsal valve is flattened and 

has a submarginal apex (Fig. 1 1 2G, I-K) . The valves are 

ornamented with fila (Figs. 1 1 2G, I, 1 1 3G,J) . The ontogeny 

and postlarval pitting are described above (p .  59, Figs. 

45D-F, 1 1 2H, 1 1 3H) . For shell structure see above (p .  35, 

Fig. 1 9A-C) . 

Occurrence. - Schizotreta sp. a ranges from the Holen Lime

stone up into the Folkeslunda Limestone, and questionalby 

also into the Furudal Limestone of Dalarna. In 

Vasterg6t1and it occurs in the Gullh6gen Formation and 

questionably in the Dalby Limestone. 

Order Siphonotretida Kuhn, 1 949 ( sensu 
Kuhn 1 949, p. 1 0 1 )  

Superfamily Siphonotretacea Kutorga, 
1 848 

Diagnosis. - See Rowell ( 1 965, p. H287) . 

Discussion. - The siphonotretaceans have usually been 
placed within the Acrotretida. Rowell ( 1 962, p .  1 5 1 ,  and 

1 965, p .  H287) sugge sted that the morphology of the dor

sal pseudointerarea of the siphonotretaceans (e .g . ,  Dys

oristus Bell, 1 944) indicates an acrotretacean affinity. How

ever, the early history of the group is not well known. 

Goryanskij ( 1 960, 1969) , Goryanskij & Popov ( 1 985) , and 

Popov & N61vak ( 1 987) considered the siphonotretaceans 

as a separate order, the Siphonotretida. This suggestion is 

supported here . Members of the Siphonotretacea differ 

from the acrotretids ( sensu strieto) mainly in shell structure 

(Biernat & Williams 1971 ,  Popov & N61vak 1987) and 

ontogeny. The siphonotretacean larval shell is completely 

smooth and the formation and development of the sipho
notretacean pedicle foramen commonly differs from that 
of the acrotretaceans ( see also above, p. 65) . 

Family Siphonotretidae Kutorga, 1 848 

Subfamily Schizamboninae Havlicek, 1 982 

Genus Nushbiella Popov, 1 986 

Type species. - Original designation; Multispinula? dubia 

Popov, 1977, p. 1 04, from the Middle Ordovician 

(L1andeilo-Caradoc) Bestamak Formation, Chingiz range, 

Kazakhstan, U.S .S .R. 

Diagnosis. - See Popov ( in Kolobova & Popov 1 986, p.  252) . 

Species assigned. - Multispinula? du bia Popov, 1977; ?Multi

spinula paroula Popov, 1 980; Nushbiella lillianae sp. nov. 
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Discussion. The relation of  Nushbiella to  other siphonotretid 

genera was diseussed by Popov ( in Kolobova & Popov 

1986) ; it differs from other schizambonines in having a well 

defined procline ventraI pseudointerarea, whilst the dorsal 

pseudointerarea is reduced or laeking. Moreover, un like 

most other siphonotretids, no resorption seems to have 

taken place during the formation of the pedicle foramen.  

The genus seems to be related somehow to the Lower 

Ordovician (Arenig) Cyrbasiotreta Williams & Curry, 1 985, 

from Ireland; it was not included originally in the 

Schizamboninae by Williams & Curry ( 1 985) as the type 
speeies differs from the schizambonines in laeking an inte

rior pedicle tube. However, Cyrbasiotreta is clearly distin

guished from the Siphonotretinae Kutorga, 1 848, in pos

sessing a sharply delineated procline ventraI 

pseudointerarea. 

Nushbiella lillianae Sp . nov. 
Fig. 1 1 4  

Name. - After my wife Lillian . 

Holotype. - Br1 32543, complete dorsal valve, Fig. 1 1 4A-E 
(W 2 .20, L 1 .98) from the Dalby Limestone, Kårgarde 

( sample DLK83-dal-15) , Dalarna. 

Paratypes. Figured; Brl 32493 (W 1 .30, L 1 . 1 2 , H 0.39) , 

Br128730 (darnaged) . Total of 1 69 dorsal and 1 88 ventraI 

valves. 

Diagnosis. - VentraI valve conical ,  strongly procline, with 

apex about 33% of total length from posterior margin. 

Pedicle foramen small, continued as thickened interior 

pedicle tube. Valves with well developed spine-bearing la

mellae. 

Description. - The valves are about 90% as long as wide. The 

ventraI valve is conical ,  about 30% as high as wide. In lateral 

profile it is strongly procline (Fig. 1 1 4G) with the maxi

mum height situated at about 33% of the total length from 

the posterior margin. The ventraI pseudointerarea is 

poorly defined and triangular (Fig. 1 1 4H) . In ventraI view 

the posterior margin is rounded (Fig. 1 1 4F) . The outline 

of the pedicle formen is keyhole-shaped and relatively 
short and narrow (WP 0. 1 1 ,  LP 0.2 1 ;  OR WP 0.09-0. 1 2, LP 
0.20-0.23;  N=9;  sample GB84-3-59) .  The posterior part of 
the ' keyhole ' is generally plugged, thus leaving an open 

pedicle foramen, rounded to oval in outline, about 90% as 

wide as long, tapering slightly towards the posterior margin 

(Fig. 1 1 4F) ; a bulbous projection is present immediately 
posterior to the pedicle foramen (Fig. 1 1 4F-H) . The fora

men is apparently forrned without resoption (see also 

above , p. 65 ) .  The ventraI interior has a well developed 

pedicle tube (Fig. 1 141) , and the cardinal muscle scars 

appear to be situated directly lateral to this tube. The dorsal 

valve is gently convex and sulcate (Fig. 1 1 4A, C) ; in lateral 

profile it has a strongly recurved beak that extends beyond 

the posterior margin (Fig. 1 1 4B) . There is no dorsal 

pseudointerarea. The dorsal cardinal muscle scars are well 

developed; the interior is divided by a low median ridge 

(Fig. 1 1 4E) . The valves are ornamented with radial costa 
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Fig. 1 14. Nushbiella lillianae sp. nov. DA. Holotype;  dorsal exterior; Dalby Limestone (sample DLK83-dal-15) ; Br 1 32543, x22. DB. Side view of 
A; x22. De.  Posterior view of A; x22. OD.  Detail of the spinose ornamentation of A; x68. DE. Interior of A, showing the median ridge and 
eardinal muscle sears; x22. OF. Exterior of a ventraI valve; Dalby Limestone (sample DLK83-dal-8) ;  Br 132493, x39. O G. Side view of F; x39. 
OH.  Posterior view ofF; x39. DI .  Side view of the interior of a fragmentary ventraI valve, showing the pedicle tube; Dalby Limestone (sample 
D60-203) ; Brl 28730, x54. 

superposed on the lamellae (Fig. 1 1 4A, F) , and successive 
lamellae are clearly separated, up to 0 . 18  mm apart (Fig. 

1 1 4A, F) ; the edge of each lamella bears a single row of 
hollow, tapering spines. Large spines with a basal diameter 

of 0.04 mm alternate with small spines that have a basal 
diameter of 0.02 mm (Fig. 1 1 4D) ; thus a fine-meshed trellis 
is formed, together with the protruding spines of the pre

vious lamellae (Fig. 1 1 4A) . The ontogeny is described 

above (p. 65) . 

Discussion. - Nushlriella lillianae is closely related to the type 

species N dulria (Popov, 1977, p. 1 04, Pl. 25 :8-1 1 )  from the 

Middle Ordovician of Kazakhstan; like the Swedish species, 

it has a procline ventrai valve with a keyhole-shaped pedicle 

foramen continued as an interior pedicle tube. However, 

the foramen is about twice as large in N dulria. The fora

men of the Lower Ordovician (Arenig) N? parvula (Popov, 

1980, p.  1 1 7, Pl. 29:8-1 1 ,  30: 1-4) is also much larger than 

in N lillianae, and it appears to have been forrned through 

some resorption. N lillianae differs from from all previously 

described schizambonine genera ( Schizambon Walcott, 

1 884; Dysoristus Bell , 1944; Multispinula Rowell, 1962;  

Ferrobolus Havlicek, 1982; Kamotreta Williams & Curry, 
1985) in having a short pedicle track and in lacking a dorsal 
pseudointerarea. The Irish Cyrbasiotreta cirrata is similar to 
N lillianae in having ( 1 )  a conical and procline ventrai 
valve , (2 )  a comparatively small and short pedicle track, 

and (3) an ornamentation with spinose lamellae . It differs 

from N lillianae mainly in having ( l )  a proportionally 

higher ventrai valve, (2 )  a dorsal pseudointerarea, and 

(3)  more closely spaced spinose lamellae . Moreover, the 

Swedish species has an interior pedicle tube, which is lack

ing in C. cirrata. 

Occurrence. - In Vastergotland N lillianae is restricted to the 

upper Ryd and lower Dalby limestones (Fig. 8C-D ) . In 

Dalarna it ranges from the Furudal to the Dalby limestones 

(Figs. 9B-C, 10 ) . 

Subfamily Acanthamboniinae Cooper, 
1 956 

Diagnosis. - Siphonotretids with exclusively hemiperipheral 

growth; of linguloid outline. Shell gently biconvex. Minute 
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marginal pedicle foramen, continued as interior pedicle 

tube. Both valves spinose, with pseudointerareas. 

Genera assigned. - Helmersenia Pander, 1 861 ; Acanthambonia 

Cooper, 1 956; ? Quasithambonia Bednarczyk & Biernat, 

1 978. 

Discussion. - Previous studies of acanthamboniines were 

summarized recently by Popov & N6lvak ( 1 987) . The sub

family was assigned originally to the obolids by Cooper 

( 1 956, p .  2 1 1 ) ,  and this placement was followed by Wright 

( 1 963, p .  231 ) ,  Rowell ( 1 965, p .  H269) , and Williams & 

Curry ( 1 985, p. 196) . Goryanskij ( 1 969, p. 99) suggested 

that Acanthambonia was closely related to the siphonotretid 

Helmersenia, but noted that no pedicle foramen had been 

found in the former. Havlicek ( 1 982, p. 73) followed the 

notion of Goryanskij and referred the Acanthamboniinae 

to the Siphonotretidae, and this placement was supported 

by Popov (personal communication 1 985, in Holmer 1986; 

see also Popov & N6lvak 1987) . The lingulid-shaped, flat

tened valves of acanthamboniines, in combination with 

their minute pedicle foramen and lingulid-like pseudo

interareas, clearly distinguish them from all other 

siphonotretids. The genus Quasithambonia Bednarczyk & 

Biernat, 1 978 is most probably referrable to the subfamily, 

but its exact relation to Acanthambonia cannot be deter

mined at present. According to Popov & N6lvak ( 1 987) , 

Helmersenia Pander, 1 861 also should be assigned to the 

subfamily. 

Genus Aca�thambonia Cooper, 1 956 

Type species. - Original designation; Acanthambonia 

minutissima Cooper, 1 956, p. 2 1 2, from the Middle Ordovi

cian (Pygodus anserinus Biozone) Pratt Ferry beds, Pratt 

Ferry, Alabama, U.SA 

Diagnosis. - See Popov & N6lvak ( 1 987, p .  1 7) .  

Species assigned. - Acanthambonia minutissima Cooper, 1 956; 

A. virginiensis Cooper, 1956; A. portranensis Wright, 1 963; A. 

klabavensis Havlicek, 1 982; A. delicata sp .  nov. 

Discussion. - As noted by Popov & N6lvak, many previous 

descriptions of Acanthambonia have identified the ventrai 
valve as the dorsal , and vice versa. For example,  the ventrai 
valve of the type species, Acanthambonia minutissima illus
trated by Cooper ( 1 956, Pl. 1 8D:23,  25;  note the interior 

pedicle tube) ,  is referred to as ' the dorsal valve ' and the 

dorsal valve (Pl .  1 8D:24, 26) is called ' the ventrai valve ' . At 
present five species have been referred to the genus, which 
has a range from the Arenig to the Upper Ordovician . In 

addition to the type species, Cooper ( 1 956, p .  2 1 3) de

scribed A. virginiensis from the Middle Ordovician 

Botetourt Formation of Virginia. The youngest member of 

the genus, A. portranensis, was described by Wright ( 1 963, 
p .  231 )  from the Upper Ordovician (Cautleyan) Portrane 

Limestone of Ireland. This species was later recorded also 

by Goryanskij ( 1 969, p. 49) and by Popov & N6lvak ( 1 987) 

from the Upper Ordovician Vormsian to Pirguan stages of 

Estonia. Havlicek ( 1 982, p .  73) described the oldest known 

member of the genus from the Arenig Klabava Formation 
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in the Prague Basin, Bohemia. Some unnarned species of 

Acanthambonia have been recorded from the Arenig 

Tourmakeady Limestone of Ireland by Williams & Curry 

( 1 985, p. 1 96) and from the uppermost Middle Ordovician 

and lower Upper Ordovician in Våstergotland, by Holmer 

( 1 986, p .  1 23) . Some undescribed species of the genus are 

also present in the Tremadoc and Arenig of Sweden 

(Holmer, unpublished) . 

Acanthambonia delicata Sp . nov. 
Fig. 1 l 5A-K 

Name. - Latin delicatus, delightful .  

Holotype. - Brl 28934, complete ventraI valve, Figs 1 1 5F-G 

(W 0.95, L 0.93) , from the Kårgårde Limestone, Kårgårde 

section (sample DLK83-segk-3) ,  Dalarna. 

Paratypes. - Figured; Br1 29048a (W 1 .0 1 ,  L 0.99) , 

Brl 29048b (fragmentary) , Brl 29933 (darnaged) , 

Br1 28935 (darnaged) .  Total of 77 dorsal valves and 37 

ventraI valves. 

Diagnosis. - Valves almost circular with crescent-shaped 

pseudointerareas, short but wide. Ventrai pseudointerarea 

undivided; dorsal pseudointerarea divided by median 

groove . Sealed pedicle foramen with short exterior and 

interior tubes. Moderately spinose valves. 

Description. - The valves are almost circular, on ave rage 99% 

(OR 91-109 % ;  .M=19) as long as wide . The ventrai valve (W 

0.90, L 0.89; OR W 0.57-1 . 1 0, L 0.54-1 .20; .M=l l ;  samples 

DLK83-fo-4, 5 ,  fur-l ) is gently convex, about 20% as high 

(maximum H 0.23) as wide (Fig. 1 1 5G-H) . The pedicle 

foramen is minute , eireular, and marginal, about 0.05 mm 

in diameter. The short exterior pedicle tube (Fig. 1 1 5H-I) 

continues as a short interior tube; it is sealed in adults (Fig. 

1 1 5J-K) . The ventrai pseudointerarea is undivided, anacl

ine, and wide, occupying 72% (OR 60-79% ;  .M=9) of the 

total width ; it is slightly crescent-shaped and short, with a 

midsagittal length of about 0 .06 mm, occupying about 4� 
of total length (Fig. 1 1 5J-K) . The dorsal valve (W 0.96, L 

0.95; OR W 0.71-1 . 10,  L 0 .67-1 . 1 3; .M=9; samples DLK83-fo-

4, 5 ,  fur-l )  is very gently sulcate (Fig. 1 1 5A-B) , and slightly 

more convex than the ventrai valve; it is about 30% as high 
(maximum H 0.3 1 )  as wide. In some speeimens the umbo 
is recurved beyond the posterior margin (Fig. 1 1 5D-E) . 

The dorsal pseudointerarea occupies 72% (OR 65-79% ;  

.M=7) of the total width ; i t  i s  divided by a triangular median 

groove (referred to as the pedicle gro ove by many previous 
workers) , and has strongly anacline propareas (Fig. 1 1 5B, 

D-E) . The dorsal interior occasionally has a pair of weakly 

impressed, closely spaced muscle scars, in about the centre 

of the valve . The valves are ornamented with regularly 

spaeed, hollow spines, 0 .03 mm in diameter (Fig. 1 1 5A, C, 

H, F) . The smooth marginal larval shell is sharply deline

ated, eireular, up to about 0 .25 mm across (Fig. 1 1 5H-I) . 

Discussion. - The pedicle foramen of Acanthambonia has 

previously been illustrated only in A. portranensis Wright, 

1963 (Popov & N6lvak 1 987) , and the morphology of the 

pseudointerareas of most other acanthamboniines is un-
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known . The type species, A. minutissima Cooper, differs 

from A. delicata in be ing more oblong (L/W ratio about 

I I I  % in the holotype and paratype; Pl. 1 8D:23-24) and in 

having a proportionally longer ventrai pseudointerarea 

(LIlL ratio about 8% in the holotype ) .  A. virginiensis Coo

per ( 1 956, Pl. 9A: 1-6) is more spinose than the Swedish 

species. A. delicata appears to be related closely to the Irish 

A. portranensis Wright ( 1 963, Pl. 1 :29-3 1 ;  Popov & Nolvak 

1 987, Pl . 1-2) , the holotype of which is a dorsal valve with 

a divided pseudointerarea and two central cardinal muscle 

scars. The wide and long ventrai pseudointerarea of this 

species was well illustrated by Popov & Nolvak ( 1 987, Pl .  

2 :  lA) . The dorsal pseudointerarea of the Irish species is 

comparatively narrower than in A. delicata, whereas the 
ventrai pseudointerarea is longer. The large (maximum W 

3 . 1  mm) Bohemian species, A. klabavensis Havlfcek, 1 982 

differs from all other species in having interior tubercles. 

Occurrence. - Acanthambonia delicata ranges from the Seger

stad to Furudal limestones of Dalarna (Fig. 9A) . There is 

also a questionable record from the Skiirl6v Limestone of 

]iimtland ( sample ]70-1 67) . 

Acanthambonia Sp . nov. a 
Fig. 1 1 5L-0 

Material. - Figured; Brl 33003 (darnaged) , Brl33002 (dam

aged) . Total of 7 ventrai valves .  

Remarks. - Acanthambonia sp. nov. a is closely related to A. 

delicata. However, the ventrai valve is flatter and has a more 

protruding larval shell (Fig. 1 1 5L-M) . The ventrai pseudo

interarea and pedicle tube are proportionally longer than 
in A. delicata (Fig. l l 5N-O) , and the ornamentation is 

sparsely spinose . No dorsal valves were isolated.  

Occurrence. - A few fragmentary valves of Acanthambonia sp . 

nov. a are known from the upper Dalby Limestone of 

Dalarna (Fig. 9C) . 

Fig. 1 15. OA-K Acanthambonia delicata sp. nov. DA. Dorsal exterior; 
Folkeslunda Limestone (sample DLK83-fo-4) ;  Br1 29048a, x60. DB.  
Interior of A; x60 .  De.  Fragmentary valve, showing the spinose 
ornamentation; Folkeslunda Limestone (sample DLK83-fo-4) ;  
Brl 29048b, x60. OD. Side view of a dorsal pseudointerarea; 
Kårgårde Limestone (sample DLK83-segk-3) ;  Brl 28933, x82 . DE.  
Posterior view of the pseudointerarea of D; x82 .  O F. Holotype; 
ventrai exterior; Kårgårde Limestone (sample DLK83-segk-3) ; 
Brl 28934, x60. O G. Side view of F; x60. OH.  Posterior view of a 
ventraI valve; Kårgårde Limestone (sample DLK83-segk-3) ; 
Brl 28935, x60. DI .  The larval shell of H; x 1 5 1 .  0J. Interior of H; 
xl OO. D K  Detail of the pseudointerarea and pedicle tube of H; 
x 170. DL-O. Acanthambonia sp. nov. a; Dalby Limestone (sample 
DLK83-dal-36) . D L. VentraI exterior; Br1 33003, x82. DM.  Poste
rior view of L; x82. ON. Interior of a ventraI valve; Brl 33002, x82. 
DO. Side view of N; x82. 
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Order Paterinida Rowell, 1 965 

Superfamily Paterinacea Schuchert, 1 893 

Family Paterinidae Schuchert, 1 893.  

Genus Dictyonites Cooper, 1 956 

Type species. - Original designation; Dictyonites perforata Coo

per, 1956, p. 1 87, from the Middle Ordovician (Pygodus 

anserinus Biozone) Pratt Ferry beds, Pratt Ferry, Alabama, 

U.SA 

Diagnosis. - See Rowell ( 1 965, p .  H295) . 

Species assigned. - Dictyonites perforata Cooper, 1 956; D. 

fredriki sp . nov. 

Discussion. - ane unnarned species of Dictyonites from the 

lower Whiterock of Nevada was illustrated by Krause & 

Rowell ( 1975, p. 70, Pl .  9 : 1 8-22) . Popov ( in Nazarov & 

Popov 1 980, p. 1 1 9 ,  Pl. 32 :5-9) questionably recorded the 

type species from the Lower and Middle Ordovician 

Kogashi and Kopalin stages of Kazakhstan . 

Dictyonites fredriki Sp. nov. 
Fig. 1 l 6A-H 

Name. - After my son Fredrik. 

Holotype. - Brl 28495, slightly damaged dorsal valve, Fig. 

l l 6A-C (W c2.64, L l .49) , from the Furudal Limestone 

(sample DLK83-fur-l l ) ,  Kårgiirde section, Dalarna. 

Material. - Figured; Br1 28494 (darnaged) , Brl 28493 (W 

l .  70, L 0.96, H 0.68) . Total of 2 dorsal and 3 ventrai valves. 

Diagnosis. - Ventrai valve relative ly low. Poorly developed 

divaricate ornamentation of open pores; diameter of pores 

relatively small .  

Description. - The valves average 56% as long as wide (N=2) , 

with an almost straight posterior margin (Fig. l l 6A, G) . 

ane ventrai valve is about 40% as high as wide ;  in lateral 

profile it is regularly conical with the maximum height near 

the centre of the valve (Fig. l l 6D-E, G-H) . The ventrai 

pseudointerarea is procline ,  wide, and occupies about 80-

90% of the total width; in posterior view it is triangular and 
has a pair ofwell defined, flattened propareas. The delthyr
ium is partly closed by a raised, convex homeodeltidium, 
which has strongly developed growth lines (Fig. l l 6D-G) . 

The ventrai interior has a knob-like apical process on the 

anterior apical surface. In lateral profile the dorsal valve is 
flattened, approximately less than lO% as high as wide. The 

dorsal pseudointerarea is poorly defined, broadly triangu

lar and wide ,  occupying about 80-90% of the total width ;  

the notothyrium appears to  be unrestricted (Fig. 1 1 6A-C) . 

The dorsal valve is ornamented with pores in a divaricate 

pattern ; the pores, which generally are open, vary consid

erably in size ,  but are always less than 0 . 10  mm across. The 

divaricate pattern is more poorly developed on the ventrai 

valve (Fig. l l 6A, G-H) ; on both valves it is commonly 

disturbed (Fig. 1 I 6A, D) . The larval shell is about 0 .70 mm 

wide and 0 .45 mm long; it is sharply delineated and has a 

raised rim. In ventrai view the ventral larval shell is slightly 
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Fig. 1 16. OA-H. Dictyonitesfredriki sp. nov. ;  Furudal Limestone (sample DLK83-fur-1 1 ) .  DA. Holotype; dorsa! exterior; Br1 28495, x25. D B. 
Posterior view of A; x25. De. Posterior view of the larval shell of A; x67. OD.  Exterior of a ventraI valve; Br 1 28494, x25. DE.  Posterior view of 
D; x25. OF. The larval shell of D;  x67. OG. Exterior of a ventraI valve; Brl 28493, x25. OH.  Anterior view of G; x25. DI .  Dictyonites sp . ;  Exterior 
of a fragmentary ventraI valve; Kårgarde Limestone (sample DLK83-segk-5) ;  Brl 28932, x25. 

crescent-shaped with rounded anterior margin (Fig. 1 1 6F) . 

The marginal dorsal larval shell has an almost straight 
posterior and a convex anterior margin (Fig. 1 1 6C) . The 

surface of both larval shells lacks micro-ornamentation . 
The shell appears to consist entirely of CCP, which shows 
no birefringence . 

Discussion. - Dictyonites fredTiki compares dosely with the 

roughly contemporaneous type species Dictyonites perfomta 

Cooper ( 1 956, Pl. 9D: 1 1-13 ,  1 0A: I-I0) from the southern 

Appalachians, but the latter, however, differs mainly in 

having ( l )  larger pores (diameter generally above 

0 . 10  mm) , (2 )  a somewhat higher ventraI valve (H/W ratio 

around 42-48% in two paratypes) , and (3 )  a better devel

oped divaricate ornamentation of pores. The presence of a 

homoeochilidium was reported by Cooper from the dorsal 

valve of D. perfomta. However, the notothyrium is unre

stricted in the Swedish specimens. An apical process (re

ferred to as a septurn by Cooper 1 956, p. 1 88)  is present on 

the ventrai interior in both Cooper' s  specimens (Pl .  1 0B:9-

10 )  and in the material under consideration .  

Occurrence. - In Dalarna Dictyonites fredTiki i s  known from the 

Furudal Limestone, and there is a questionable record 

from the Dalby Limestone (Fig. 9B-C) . 

Dictyonites Sp. 
Fig. 1 1 61 

Material. Figured; Br1 28932 (darnaged) . Total of one ven

tral valve . 

R.emarks. - The apical portion of the ventraI valve is dam

aged in the only known specimen. It appears to be dose to 

Dictyonites fredTiki, but the larval shell is proportionally 

somewhat higher and more wrinkled, and the post-larval 

shell is ornamented with dosed pores (Fig. 1 1 61) . 

Occurrence. - The sole specimen is from the Kårgarde Lime

stone of Dalarna, but there are also some questionable 

fragments in the Vikarby and Seby limestones (Fig. 9A) . 
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Fig. 1 1 7.  Tegulella minuta gen. et sp. nov. DA. Holotype; dorsal exterior; Furudal Limestone (sample DLK83-fur-l l ) ;  Br1 28492, x47.  DB.  Side 
view ofA; x47. DC. Exterior ofa dorsal valve; Holen Limestone (sample DLK84-hol-25) ; Brl 28846, x47. OD.  Side view of C; x47. DE .  Posterior 
view of the interior of C; x47. OF. Dorsa! exterior; Furudal Limestone (sample DLK83-fur-6) ;  Brl 2906 1 ,  x47. O G. Interior of a dorsal valve; 
Furudal Limestone (sample DLK83-fur-6) ;  Br1 29060, x47. OH. Ventrai exterior; Furudal Limestone (sample DLK83-fur-6) ; Brl 29063, x86. 
DJ. Interior of H;  x86. 

Problematica 

Genus Tegulella gen .  nov. 

Name. - Latin tegulum, small roof; alluding to the slightly 

arched roof-like shape of the ventrai valve. 

Type speeies. - Tegulella minuta gen. et sp. nov. , from the 

Furudal Limestone, Kårgarde quarry, Dalarna. 

Speeies assigned. - Type species only. 

Diagnosis. - Bivalved, chitinophosphatic shells; bilaterally 

symmetrical . Exterior of concave ventrai valve with central 

depression and two lateral 'wings' .  Crescent-shaped dorsal 

valve larger than ventrai valve, with wrinkled exterior but 

without growth lines; rounded, convex anterior margin 

and convex posterior margin; gently convex in lateral pro

file.  

Tegulella minuta Sp. nov. 
Figs. 1 1 7, 1 1 8 

Name. - Latin minutus, small .  

Holotype. - Brl 28492, complete dorsal valve, Fig. 1 1 7A-B 
(W 1 . 1 2 ,  L 1 . 10 ) , from the Furudal Limestone, Kårgarde 
section (sample DLK83-fur-l l ) ,  Dalarna. 

Paratypes. - Figured; Br1 33595k ( section) ,  Brl 28846 (W 
1 . 1 5 ,  L 0.96) , Br1 29061 (W -1 . 1 6, L 1 . 1 2 ) , Brl 29060 (W 

-0.93, L 0.87) , Brl 29063 (W 0.59, L 0 .46) . Total of 1 03 

dorsal and 6 ventrai valves. 

Diagnosis. - As for genus. 

Description. - The concave ventrai valve is about 78% as long 

as wide in one specimen. The anterior margin is convex, 

with the posterior margin slightly concave . The ventrai 

exterior is smooth, with a median depression and two 

lateral 'wings' (Fig. l 1 7H) . The ventrai interior lacks recog

nizable structures (Fig. l l 7I ) . In lateral profile the dorsal 

valve is ' roof-like ' and convex, with the maximum height 
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Fig. 1 1 8. Midsagittal section through the dorsal valve of Tegulella 
minuta gen . et sp. nov. ; note that the shell consists entirely of CCP; 
Kårgarde Limestone (sample DLK83-segk-6) ;  Brl 33595k, x1 1 00.  

near the centre of the valve (Fig. 1 1 7B, D-E) . In dorsal view 

it is more varying in outline,  on average 93% as long as wide 

(N=4) ; it is commonly crescent-shaped with a convex ante

rior and concave posterior margin (Fig. 1 1 7 A, C) . In some 

specimens it is more triangular in outline (Fig. 1 1 7F-G) . 

The dorsal exterior is smooth (Fig. 1 1 7  A, C) , but com

monly aiso wrinkled (Fig. 1 1 7F) . There are no recognizable 

structures on the dorsal interior, but the valve is generally 

slightly thicker near its centre (Fig. 1 1 7G) . The exterior of 

both valves lacks all traces of growth lines. In sections 

examined under the SEM and in polarized light, the shell 

is seen to have a thin outer layer, about 4 �m thick, and a 

thicker inner layer, about 27 �m thick (Fig. 1 1 8) .  Both 

layers consist of CCP and do not show birefringence . 

Discussion. - Only the type species can be referred to this 

problematical genus, whose affinities remain obscure . It  is 

comparable with brachiopods because it is bivalved and 

bilaterally symmetrical . It is comparable with the phos

phatic inarticulates in shell composition .  However, Tegu

lella cannot be compared with any previously described 

taxa. The correct orientation of the valves of T. minuta is 
not known and consequently the dorsal-ventral and ante

rior-posterior directions cannot be identified with cer
tainty. An articulated (although somewhat crushed) shell 
of T. minula was found in the Kalla Limestone on Oland, 

providing evidence that the two described valves belong to 
the same species. It  does not appear to be a broken part of 

some larger animal, but there is no evidence of accretion

ary growth . The size range of T. minuta is very restricted. 

The width of the dorsal valves varies from 0.93 to 1 . 1 6  mm. 

The shell structure and the lack of evidence of accretionary 

growth could indicate that the valves were secreted as 

entire plates over an epithelial surface .  

Occurrence. - Tegulella minula is a common, widely distrib

uted and long ranging species .  It appears in the Holen 

Limestone and ranges up into the Dalby Limestone of 

Dalarna (Figs. 9, 10 ) . In Vastergotland it is restricted to the 

Gullhogen Formation and the lowermost Ryd Limestone 

(Fig. 8E-C) . T. minuta has also been recorded from the 

Kalla Limestone on Oland, and from the Pratt Ferry beds 

of Alabama, U.S .A. 
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