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Liljedahl, L. 1 994 04 15 :  Silurian nuculoid and modiomorphid bivalves from Sweden. Fossils and 
Strata, No. 33, pp. 1-89. Oslo. ISSN 0300-949 1 .  ISBN 82-00-37648-6. 

The nuculoids and modiomorphids from the Silurian ofSweden are reviewed with respect to their 
taxonomy, functional morphology, ecology, and stratigraphical distribution. SeveraI thousands of 
speeimens, in many cases excellently preserved, have been studied. Twenty-one speeies of 
nuculoids, ofwhich Praenucula faba and Ekstadia kel/yi are new, assigned to 10 genera, are referred 
to the families Praenuculidae and N uculidae of the N uculacea; Malletiidae and N uculanidae of the 
Nuculanacea. The extensive nuculoid material available enabled ontogeny and intraspecific 
variation to be recorded for some of the taxa. Three nuculoid associations have been studied, in 
which tiering and life habits of the different speeies have been reconstructed. The n uculoid species 
have a stratigraphical range from the uppermost Llandovery to uppermost Ludlow. Some 25 
modiomorphid speeies have been recognized, ofwhich 18 are new, belonging to 7 genera, of which 
Aleodonta and Mimerodonta are new. The family Modiomorphidae is subdivided into the new 
subfamilies Modiomorphinae and Modiolopsinae. The speeies recorded exhibit a muscular 
morphology pattern intermediate between those ofhighly effective burrowers and Recent myti
lids. Most speeies also show indications of byssal attachment. Thus, it appears as if the Silurian 
modiomorphids examined retained the ability of effective burrowing. Several of them also had a 
byssus for maintaining a stable life position. These bivalves have been found in various types of 
sediments, from fine-grained limestones and siltstones to coarse-grained oolitic limestones and 
sandstones, indicating a variety of habitats. The speeies have a stratigraphical range from the 
uppermost Llandovery to Pridoli. Three of the seven genera seem to have been endemie to 
Baltoseandia in Silurian times. DBivalvia, Nuculoida, Mytiloida, Modimorphidae, A1eodonta, 
taxonomy, functional morphology, life habits, ecology, Silurian, Gotland, Scania, Sweden. 

Louis Liljedahl, Department ofHistorical Geology and Palaeontology, Siilvegatan 13, S-223 62 Lund, 
Sweden; received 1 0  lune, 1 991;  revised manuscript received 18 September, 1 992. 
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Introduction 

Despite their being characteristic elements in many faunas, 
Silurian bivalves are seldom mentioned in the geological or 
palaeontological literature. This is due to the fact that they 
have to date received insufficient study. 

The present paper is based on a restudy of all hitherto 
described nuculoids and modiomorphids from the Silurian 
of Sweden as well as on old and new collections of thousands 
of specimens. Also, pertinent material from institutions in 
Europe, North America and Australia has been studied. 

Living nuculoids exhibit much the same shell morpholo
gies as their fossil counterparts. Thus, the functional mor
phology of Palaeozoic nuculoids is fairly well understood. 
However, the often simple and uniform morphological ap
pearance makes dassification arduous, especiallywhen based 
on external features alone. This is often the case with Palaeo
zoic nuculoids, as the fossil specimens are usuallypreserved as 
articulated shells. 

The Silurian nuculoids of Gotland are generally found in 
marls and are comparatively well preserved. A few localities 
have yielded silicified specimens, representing by far the best 
preserved Palaeozoic bivalve faunas ever recorded. 

Most descriptions of modiomorphids are from the Or
dovician ofN orthAmerica and Australia and the Devonian of 
North America, and only a few scattered reports deal with 
these bivalves from the Silurian of Europe, North America, 
and Australia. 

The modiomorphids discussed herein form morphologi
cally and ecologicallythe most diverse gro up ofbivalves from 
the Silurian ofSweden. Theywere suspension feeders, exhibit 
a variety of life habits and adaptations to a wide range of 
environments, as is indicated by their shell morphology in 
combination with sedimentological and other geological 
data. Thus, theyprovide relatively simple and reliable palaeo
ecological tools that should prove to be of value to other 
students working on palaeontology and geology of Silurian 
rocks. 

Geology 

The Silurian strata of Gotland consist of a series of mainly 
limestones and calcareous shales ranging in age from latest 
Llandovery in the northwestern part to latest Ludlow in the 
south. The sequence is approximately 500 m thick and was 
deposited when the area was dose to the Silurian equator 
(Creer 1973 ) ,  and at a water depth not exceeding 175-200 m 
(Gray, Laufeld & Boucot 1974) .  

The Silurian sequence o f  Gotland was subdivided by Hede 
( 192 1 ,  1925) into 13 units (Fig. 1 )  which have been used and 
refined byvarious authors (e.g., Hede 1960; Martinsson 1962, 
1967; Manten 197 1 ;  Laufeld 1974; Jeppsson 1974, 1983; 
Larsson 1979) . 

A presentation of the Silurian of Scania is shown in Fig. l. 
For detailed discussions, see, e.g., Martinsson ( 1 962) and 
Laufeld & Jeppsson ( 1 976) .  

Material, state of preservation, and 
preparation of fossils 

The bulk of the present material belongs to the Swedish 
Museum of Natural History, Stockholm and the remaining 
part to the Geological Survey ofSweden, Uppsala, the Palae
ontological Institution, Uppsala, and the Department of 
Historical Geology and Palaeontology, Lund. 

Much of the Swedish Museum ofNatural History's mate
rial was collected by G. Lindstrom in the middle of the 19th 
century. He was especially interested in the bivalves from 
Gotland and planned to monograph these fossils. This inten
tion, however, was never fulfilled. 

After having finished his work on the Ordovician bivalves 
from the Leptaenakalk in Dalarna (now Boda Limestone ) ,  O.  
Isberg began to study the fossil bivalve material of Gotland 
collected mainly by Lindstrom and J.E. Hede. Isberg sorted 
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Fig. 1 .  Simplified geological map ofScania showing the Silurian outcrop (stippled) and sampled localities (black squares), and map of Gotland showing Hede' s 
( 1921 and 1925) units (cf. Figs. 26-27). 

and prepared many specimens and even made some plates, 
but this work was not completed. No written information 
accompanying these plates has been found. 

The specimens in the old collections of the institutions just 
mentioned consist of recrystallized calcium carbonate, and 
represent internal and external impressions, composite 
moulds, as well as steinkerns. Part of the study material is 
silicified, and it has been extracted by means of acid etching as 
part of a project on silicified fossils from Gotland. Samples, in 
some cases with a weight of 50 kg, normally about 5-20 kg, 
were etched in 6% acetic acid and 2% calcium acetate (with
out the calcium acetate the solution is corrosive to phosphatic 
fossils; see Jeppsson et al. 1985) .  

When the calcium carbonate was completely dissolved, the 
often delicate silicified fossil remains were picked, washed, 
and dried. Extremely thin and fragile specimens were treated 
in a solution ofpolyvinylacetate and acetone. Itmust be noted 
that a toa thick solution effaces the surface topography of the 
fossils, and it must temporarily be removed by acetone prior 
to photography. For the handling of silicified fossils, a pair of 
entomologist's tweezers is neccessary. 

Prior to photography the specimens were blackened with 
fountain-pen India ink and coated with ammonium chlo
ride. 

Repositories 

Specimens with numbers prefixed 'RMMo' are deposited in 
the collections of the Swedish Museum of Natural History, 
Box 50007, S- 10405 Stockholm, Sweden, those prefixed 
'SGU Type' are deposited in the type collection of the Geo
logical Survey of Sweden, Box 670, S-75 1 28 Uppsala, Swe
den, and those prefixed 'LO' in the type collection of the 
Geological Institute, Lund University, Solvegatan 13 ,  
S-223 62 Lund, Sweden. 

Orientation, measurements, and 
terminology 

Nuculoida 

The following criteria may be used as means for orientation 
of bivalves (Cox 1969; Bradshaw & Bradshaw 1971 ,  1978; 
Driscoll 1964) :  If ligamental nymphs are present, they are 
invariablyposterior to the beaks. If a pallial sinus is present, it 
is invariably near the posterior end. A rostrate end is usually 
the posterior one. A single diagonal sulcus is usually situated 
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Fig. 2. Terminology and Anterior axis Median axis 
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Posterior axis 
measurements of nuculoid shell. r---r-+----------;------::;; .... �-----_+----- + ____ ;;:::----f_ 
The part between ad and pd is the 
dorsal margin, u to ad anterior 
part of dorsal margin, ad to av 
anterior margin, av to pv ventral 
margin, pv to pd posterior 
margin, and pd to u posterior part 
of dorsal margin; V = hinge angle, 
H = total height, h = hinge heigbt, H 
L = total length, and W = width. 

in the posterior part of the valve. If there is a considerable 
difference in morphology and size between the teeth of the 
two hinge plates, the anterior ones are arcuate and larger and 
higher than the posterior ones. The attachment area for the 
gonads is in the anterior part of the shell. An oblique ridge 
dose to the posterior adductor musde scar may retlect the 
position of gill attachment musdes. The configuration of the 
pedal and accessory musdes may indicate the anterior end 
where the foot protrudes. 

Following the example of Liljedahl ( 1 983) ,  the antero
posterior axis (ap-axis) is defined as the line, p, going through 
the distalmost tooth in each hinge plate. In cases where the 
hinge is not observable, the ap-axis coincides with the line of 
maximum extension of the shell. Perpendicularto the ap-axis 
are the anterior axis (tangential to the anterior edge of the 
shell), the posterior axis (tangential to the posterior edge of 
the shell), and the median axis. The ventral axis is parallel to 
the ap-axis and tangential to the shell at the extreme point of 
the ventral margin. The total length of the shell (L) is mea
sured from the anterior axis to the posterior axis, and the total 
height (H) from the highest point of umbo to the ventral axis. 
The width (W) of each valve is measured from the sagittal 
plane to the point ofmaximum convexity, laterally. The hinge 
angle (V) is measured from the tip of the beak to the distal
most tooth of each hinge plate (Fig. 2 ) .  

Modiomorphidae 

The anterior end of modiomorphids is hypertrophied and 
easily recognizable. Generally accepted bivalve orientation 
for measuring based on soft parts and their scars (Fischer 
1 886, antero-posterior axis touching lower margin of the 
adductors) or on ligament extensions (e.g., Baily 1983) ,  is not 
used here because most specimens measured consist of ar
ticulated valves or internal moulds with internal ligament. 

L 

anteroposterior axis 

ventrai axis 

I<E:----W 

Instead, orientation of the shell is based mainly on external 
features. The hinge line of modiomorphids is convex and is 
therefore unsuitable as a line of orientation for measuring. 
Measurements made herein are illustrated in Fig. 3. Thus, 
totallength of the shell (L) is equal to greatest extension of the 
shell and total height (H) corresponds to the maximum 
extension perpendicular to the length direction. The length
axis thus obtained does not coincide with the antero-poste
rior axis, which is generally accepted as touching the lower 
margin of the two adductor musde scars. The width (W) is 
measured from the point of maximum convexity of each 
valve perpendicular to the length in a horisontal plane. 

L 

Fig. 3. Measurements of the modiomorphid shell. L = maximum exten
sion, H = height, W = width (for definitions see text). 

Morphology and biology 

Nuculoida 

Morphology 

General shell shape. - The shell of the Gotland nuculoids may 
be either anteriorly expanded (e.g., Nuculoidea, Fig. 30C),  
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posteriorlyexpanded (e.g., 'Nuculana' oolitica, Fig. 351, K), or 
equilateral (Similodonta, Fig. 29I) .  Shell shape in lateral out
line varies from almost circular (Similodonta) to elliptical 
elongate ( 'Nuculana') , and the valves may be compressed 
(e.g., Similodonta, Fig. 29) or gibbous (e.g., Nuculodonta, Fig. 
28D, K) . 

The umbo may be pronounced (e.g., ? Nuculoidea sp. ,  Fig. 
31 Q) or low and inconspicuous (e.g., ? Nuculoidea ecaudata, 
Fig. 32) ,  and may bear more or less defined ridges, one (e.g., 
Tancrediopsis, Fig. 35M) or three (e.g., Ekstadia, Fig. 34B) in 
number, and may lack a defined umbonal ridge (e.g., Similo
donta) . 

Some shells may exhibit a diagonal siphon-indicative sul
cus, which extends from the umbo to the posterior part of the 
ventral margin (e.g., Ekstadia tricarinata, Fig. 34A, B, and 
Palaeostraba baltica, Fig. 340) .  

Shell sculpture. - In some species the shell surface consists of 
faint growth lines on a smooth surface (e.g., Nuculoidea lens, 
Fig. 30C), sometimes with evident growth-increment stops 
(e.g., Similodonta, Fig.29I ) ,  rarely with more conspicuous 
stops reflectinglonger periods ofretarded growth (e.g., Nucu
lodonta gotlandica, Fig. 28H) .  In some species (e.g., Nucu
loidea sp. A, Fig. 3 10) the sculpture may also consist of 
evident concentric ribs or of coarse lamelliform ridges ( Tan
crediopsis solituda, Fig. 35M) . 

Size. - The present material includes the smallest Palaeozoic 
nuculoids hitherto recorded; they are represented by juvenile 
specimens, measuring about O.s mm in length (Liljedahl 
1984a, Fig. lE) .  The length ofadultspecimens of the different 
speciesvaries from about 7 mm ( 'Nuculana' sp. A, Fig. 351) to 
about 30 mm ( CaesarielIa lindensis, Fig. 33B).  

External ligament. - Some of the nuculoid taxa have liga
mental nymphs, forming the site of an external, opisthodetic 
ligament (e.g., Caesariella lindensis, Fig. 33J) . In some cases, 
however, fossilized remnants of the ligament tissue are 
present (e.g., Tancrediopsis gotlandica, Fig. 35L) . 

Hinge. - The nuculoid hinge consists of two series of teeth, 
posterior and anterior to the beak, respectively. 

In shells with an external ligament the two hinge plates bear 
teeth that are different in size and shape, the anterior teeth 
being large, often chevron-shaped, and the posterior ones 
lower, narrower and of varying shape (e.g., Praenucula Jaba, 
Fig. 29A) . In some ofthesespecies, thetwo series ofhingeteeth 
are interrupted by a resilifer-like structure (e.g., Nuculodonta 
gotlandica, Fig. 28J) , while in others the tooth rows continue 
into each other (e.g., Caesariella lindensis, Fig. 33J. 

In shells with a resilifer, indicating the presence of an 
internal ligament, the teeth of the two hinge plates are often 
more uniform (e.g., 'Nuculana'  oolitica, Fig. 35J) . 

Ligament. - A resilifer is indicative of an internal ligament 
(e.g., Nuculoidea lens, Fig. 30F, G, J) .  Rarely remnants of the 
ligament tissue proper are preserved (see, however, silicified 
replica ofligament of Nuculoidea lens in Liljedahl l983, p. 20, 
Fig. SD).  
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Some shells of Nuculodonta gotlandiea (which had an 
external ligament) ,  also exhibit a resilifer-like structure with 
a non-denticulate area above separatingthe two rows ofhinge 
teeth (Fig. 28J) . 

In addition, Caesariella lindensis (Fig. 33J) and Palaeostraba 
baltica (Fig. 34P) have a non-denticulate area just below the 
region where the two series of teeth meet, possibly indicating 
an internal part of the ligament. 

Hinge reinJorcements. - Some shells possess hinge-plate rein
forcements. Palaostraba baltica has two slender ridges, the 
one anteriorly and the other posteriorly (Fig. 34L),  while 
Nuculites solida, Nuculites sp. A and Nuculites sp. B exhibit a 
robust septum in the anterior of the shell (Fig. 35A, D, G) .  

Musculature. - The adductor muscle scars are subequal in the 
investigated nuculoids. The anterior adductor muscle is in
variably somewhat larger and more impressed than the pos
terior one (Fig. 30A, 3 1 J) .  The posterior pedal-retractor 
muscle scar is faint and rarely distinguishable (Fig. 30D, G),  
whereas the anterior pedal-protractor muscle scar and the 
anterior pedal-retractor--elevator muscle scar are often con
spicuouslyincised (Fig. 281, 30F) .  Visceralattachmentmuscle 
scars are rarely preserved but may be evident (Fig. 30F, 
3 l],34F) .  Marks indicative of the visceral floor are also rare 
(Figs. 33F, 34L) . 

Bradshaw ( l 978, p. 2 1 3 )  argued that Ordovician nuculoids 
lack evidence for the existence of a muscularvisceral floor. By 
the Devonian, however, the pattern of umbonal muscles 
changed significantly, and in species of N uculoidea traces of a 
possible, primitive, umbonal visceral floor were identified 
(Bradshaw 1978) .  If the interpretation of the umbonal fea
tures in Caesariella and Palaeostraba of the present material is 
correct, a visceral floor was developed already in Silurian 
times. 

Sinuation of the pallial line, indicating the presence of 
siphons, has been observed i, e.g., Ekstadia tricarinata (Fig. 
34E) and Ekstadia kellyi (Fig. 34I) .  

On toge ny 

The prodissoconch Il (Cox 1969) ofRecent bivalves is gener
ally 0.2-D.6 mm long and usually has insufficient characters 
for systematic determination (LePennec 1978, pp. 3 1 , 2 1 1 ) .  In 
a few cases, however, there are differences in morphology of 
the prodissoconch Il between separate taxa, e.g., Nucula and 
Yoldia (Drew 190 1 ,  p. 340) .  When the shell has grown to 2-
3 mm in length, the morphology of the hinge teeth may 
indicate which species it belongs to (LePennec 1978, p. 2 1 3 ) .  

The rich, silicified nuculoid fauna ofM6llbos 1 on  Gotland 
has provided specimens ranging from 0.5 mm to 1 5.0 mm in 
length (Liljedahl 1983, 1984a) . Specimens shorter than 
2.0 mm generally lack diagnostic characters, whereas shells of 
Nuculodonta gotlandica slightly exceeding this size may be 
identified by their conspicuous external ligament. 

The mean height/length ratio of specimens of Nuculoidea 
lens below 3.0 mm in length is 0.87, and of Nuculodonta 
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gotlandica 0.82. With increasing shell size, the shell shape of 
both species changes in lateral outline from almost circular to 
ovate, which is most accentuated in Nuculodonta gotlandiea 
(Liljedahl 1983, p. 2 1 ,  Fig. 6) .  The smallest identifiable shell of 
Nuculodonta gotlandicais 1 . 5  mmlong and of Nuculoidea lens 
1 .8 mm. 

The number of hinge teeth increases with growth. The 
smallest shell with countable teeth of Nuculoidea lens, ca. 
3.0 mm long, has an equal number of teeth on each hinge 
plate, approximately 5-6 teeth. The largest specimen of this 
species, ca. 15 .0 mm long, contains approximately 1 5  teeth 
in the anterior hinge plate and ca. I l  in the posterior one 
(Liljedahl 1983, p, 23, Fig. 7) .  The smallest specimen of 
Nuculodonta gotlandiea with countable hinge teeth, approxi
mately 5.0 mm long, contains in the anterior hinge plate ca. 
14 teeth and in the posterior ca. 8 teeth; the largest speci
mens, approximately 15.0 mm, ca. 24 teeth in the anterior 
and ca. 14 teeth in the posterior hinge plate (Liljedahl 1983, 
p. 36, Fig. 12 ) .  

Functional morphology 

In shells of living bivalves, traces of soft parts are generally 
faint or completely lacking. Palaeozoic species, however, 
commonly show evident muscular impressions, displaying 
elaborate patterns of pedal, visceral, and branchial muscles. 

As far as the nuculoids are concerned, the commonly 
notable lack of muscle scars in Recent species is due to the 
large attachment area of the muscles, which thus compen
sates for a shallower reliefin the shell (cf. DriscoIl 1964, p. 65) .  

Although there seems to have been some evolutionary 
changes in the musculature set-up in nuculoids (see, e.g., 
Bradshaw 1978),  many Palaeozoic nuculoids show a general 
pattern of muscle scars similar to the pedal muscles and 
accessorymuscles in species ofliving nuculoid genera (Figs. 4, 
6, 7, and 8 herein; see also, e.g., DriscoIl 1964; Bradshaw 1974, 
1978; Liljedahl 1983, 1984a) 

The movements of the nuculoid foot are performed by 
interacting protraction and retraction muscles, respectively, 
in a simple mechanical way (Fig. 5 ) .  Hence, using the posi
tions of these scars as a guide, it seems to be possible to infer 
the direction offoot protrusion (DriscoIl 1964) ,  and also the 
size of the foot and resulting burrowing ability of the species. 

Muscular impressions have been recorded in 8 of the 2 1  
species described here. The majority o f  the shells examined 
show more or less evident impressions of the adductor 
muscles. In a few shells scars of other muscles and of addi
tional soft parts have been recorded. 

Nuculoidea lens (Fig. 30F, G, n and Nuculoidea pinguis (Fig. 
3 lB, Cn show an almost identical pattern of muscular im
pressions, viz. with a relatively large anterior protractor 
muscle scar and large median muscle scars. The latter most 
probablyindicate the site of muscles going down into the foot 
and also in the visceral floor, reinforcing both the pedal 
retractors and also anchoring the pericardial region to the 
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Fig. 4. Main pedal muscles and adductor muscles of the extant nuculoid 
Yoldia limatula. aa = anterior adductor, ap = anterior pedal protractors, 
ar = anterior pedal retractor, m = median muscle, pr = posterior pedal 
retractor, pa = posterior adductor (after Heath 1 937,  Pl. 10 :83).  

Fig. 5. Semidiagrammatie representation of the simple mechanics of the 
pedal muscles of the foot in nuculoids (anterior to the left) .  Contraction 
along 'A' results in tension and retraction of the foot. Contraction along 'B' 
results in protrusion of the foot anteriorly. Contraction along ' C results in 
tension and retraction/elevation of the foot dorsally (after Driscoll I 964) .  

m 

pa 

Fig. 6. Nuculoidea lens. Reconstruction of the foot and its muscles. Same 
lettering as in Fig. 4. v = viseerai attachment muscle. 

shell (cf. Heath 1937, p. 14) .  The scar, which by Liljedahl 
( 1 983, Fig. 8, No. 8 and 1984a, Fig. 3A, No. 8) was considered 
to be a pedal muscle scar (Fig. 6v) , is now suggested to be an 
attachment scar for the visceral floor (cf. Bradshaw 1978; 
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v 

aa 

pa 

Fig. 7. Nuculodonta gotland iea Liljedahl, 1983. DA: Muscular imprints, anterior to the left. 1 = anterior adductor muscle scar, 2 = posterior adductor muscle 
scar, 3 = posterior pedal retractor muscle scar, 4 = anterior pedal retractor muscle scar, 5 = anterior protractor muscle scar, 6-8 = viseeraI attachment muscle 
scars (after Liljedahl 1983, Fig. 15 ) .  DB. Reconstruction of the foot and its muscles. Lettering as in Fig. 4. v = viseeraI attachment muscle. Stippled area 
indicating pericardial region. 

pa 

Fig. 8. Caesariella lindensisSoot-Ryen, 1964. DA: Muscularimpressions (anteriorto the left) l = anterioradduetor muscle sear, 2 = posterior adduetor muscle 
sear, 3 = posterior pedal retraetor muscle sear, 4 = anterior pedal protractor muscle sear, 5 = anterior pedal retraetor muscle sear, 6-7 = attachment muscle 
sears of the viseeraI floor. DB: Reconstruetion of the foot and its muscles and extension of the gonads (anterior part of perieardial region) and loeations of 
gills (g) . Left view. Lettering same as in Fig. 4. v = viseeraI attaehment muscles. 

Heath 1937) .  In Nuculoidea pinguis two visceral attachment 
muscle scars have been observed. However, no anterior pedal 
retractor muscle scar is at hand in the present material of this 
species. The muscular system of Nuculodonta gotlandica (Fig. 
7) deviates somewhat from that of the two first mentioned 
speeies. The scars nos. 6,7, and 8 ofLiljedahl ( 1 983, Fig. IS ) ,  
then considered as median muscle scars, I suggest to  be 
attachment scars for the visceral floor. This species also has a 
relatively large anterior retractor muscle scar and an oblique, 
smooth-edged ridge ventral and anterior to the posterior 
adductor muscle scar (Fig. 28N) . The location of this ridge 
agrees with the position of the gills in Recent NuculaandAcila 
(Fig. 9) and possibly indicates the site of gill attachment 

muscles [cf. similar structure of the Triassic Palaeonucula 
variabilis (Sowerby) in Bradshaw 1978, Fig. SB). 

Caesariella lindensis (Fig. 8) has an unusually large anterior 
pedal protractor muscle scar, a conspicuous anterior pedal 
retractor muscle scar, and a similarly large pedal retractor 
muscle scar and evident attachment muscle scars of the 
visceral floor. This speeies also shows a conspicuous restricted 
area enclosing the anterior upper part of the umbonal cavity 
(Fig. 33F),  probably showing the extension of the visceral 
floor (cf. similar features in Recent nuculoids, Fig. 9 herein; 
Heath 1937; Bradshaw 1978) .  The pallial line of Caesariella 
lindensis has a shallow sinus indicating the presenee of short 
siphons. 
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v 

Fig. 9. Acila divaricata. Left yalye remoyed showing pericardial region with 
gills (g) and attachment muscles (Y) for the visceral floor (after Heath 1934, 
Pl. 4:37). Anterior to the left. 

Ekstadia kellyi (Fig. 10)  contains an elongated anterior 
pedal protractor musde scar, and five visceral musde scars. It 
has, like Ekstadia triearinata, a relatively deep pallial sinus, 
suggesting comparatively long siphons. 

Palaeostraba baltica has a faint impression in the centre of 
the shell, possibly being the site of a visceral attachment 
musde. In the umbonal cavity there is a restricted depression 
(Fig. 34L) , showingthe possible extension ofthevisceral floor. 
The internal ridges on each side of the hinge (Fig. 34L) may 
have functioned as attachment area for viseerai musdes. Two 
incisements in one specimen, which are situated between the 
posterior adductor musde scar and the shell margin, are 
enigmatic and perhaps not museular impressions at all (Lilje
dahl 1 984a, Fig. 6) .  

Nueulitessp. A (Fig. 35D) has a subcircular anterior adduc
tor musde scar, which is limited posteriorly by the internal 
septum. It also contains two small punctiform scars in the 
umbonal cavity in an anterior position. 

Life habits 

The nuculoids are mainly deposit feeders, and most speeies 
therefore actively move about in the sediment which they 
devour. Most deposit-feeding bivalves are rapid burrowers, 
although many of these speeies are moderately rapid or slow 
burrowers (Stanley 1970) .  Besides an adequate shell shape, 
with a generally smooth surface facilitating burrowing, the 
exceptionally large and powerful foot ofnuculoids is a prereq
uisite for effective locomotion. 

General shell shape, shell thickness, surface ornamenta
tion, etc., may give dues to the life position and feeding depth 
in the sediment (Stanley 1970). In several of the present 
speeies the anterior part of the shell is expanded, and together 

aa 
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Fig. 10. Ekstadia kellyi n.sp. Muscular impressions (anterior to the left) .  
Same lettering as in Fig. 4. Y = Yisceral attachment muscles. ps = pallial 
sinus. 

with the conspicuous scars of pedal mus des preserved in 
some speeies, this indicates a strong and powerful foot well 
suited for burrowing (Stanley 1970, p. 66). The anterior 
adductor musde scar is, where observed, deep and invariably 
larger than the posterior adductor musde scar, suggesting a 
powerful dosure and thus efficient posterior removal of 
debris and other indigestible matters from the mantle cavity. 
It seems plausible that much of the mantle cavity was occu
pied by the foot and its musdes in these speeies, while the gills 
were most probably moderate in size. (See suggested recon
struction of the mentioned features of Nueulodonta gotland
iea in Fig. 7B and of Caesariella lindensis in Fig. 8B) 

A compressed and elongate shell form, like that of Tanere
diopsis gotlandiea and Tanerediopsis solituda, is normally 
indicative of rapid burrowing ability (and thus a deep life 
position) . However, the thickshell with conspicuous concen
tric ornamentation in Tanerediopsis gotlandiea and coarse 
sculpture in Tanerediopsis solidainstead suggest a life position 
dose to the sediment surface. The diagonal posterior um
bonal keel in these speeies may even show the probable level 
at which the shell protruded from the sediment (Fig. 1 3 : 1 ,7) .  

Length, height and width of Recent bivalves were com
pared by Stanley ( 1970, Fig. 25) to show the relation of 
burrowing rate to gross shell shape. Thevalues ofallnuculoids 
examined are within the region of rapid burrowing, which is 
not surprising, since nuculoids normally are active bivalves 
moving about constantly. 

The value of Nueulodonta gotlandiea is fairly dose to the 
region of slow burrowing (Fig. 1 1 : 1 ) .  The shell of this speeies 
is thick in comparison with that of the other speeies in the 
Mollbos bivalve association. In Stanley's review, virtually all 
thick-shelled speeies are shallow burrowers (Stanley 1970, p. 
68) . The occurrence of N. gotlandica in relation to other 
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1 Nuculodonta gotlandica 
2 Ledopsis burgsvikensis 

3 3 Similodonta djupvikensis 
4 Praenucula faba 

:2 5 Nuculoidea lens 
'5 6 Nucoloidea pinguis 
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Length/height 

Fig. I l .  Shell shape related to  burrowing rate (after Stanley 1970, Fig. 25).  
(10 Caesariella lindensis, a = Ludlovian variety, b = W enlockian variety; see 
discussion under 'Life habits') 

bivalves from Mollbos suggests, together with the morpho
logical features mentioned, that it had a life position just 
beneath the sediment surface (Fig. 12: 1 ) .  

Ledopsis burgsvikensis also has a rather thick shell and a 
triangular outline. It is placed dose to the boundary between 
slow burrowing and rapid burrowing (Fig. 1 1 :2 ) .  I suggest 
that it lived dose to the sediment surface (Fig. 14: 1 )  

Similodonta djupvikensis has a compressed, thin shell with 
a smooth surface and an almost circular outline. Thevalues of 
gross shell shape lie fairly dose to the boundary between slow 
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and rapid burrowing (Fig. 1 1 :3 ) .  The conspicuously enlarged 
anterior part of the shell of this species suggests a large and 
effective foot for burrowing and speaks in favour of a rela
tively deep life position (Fig. 13 :2 ) .  

The shell of Praenucula Jaba i s  compressed, anteriorly 
expanded and the shell surface is smooth. Shell shape indi
cates a moderately rapid burrowing ability (Fig. 1 1 :4) and a 
large foot (conspicously extended anterior end) . I suggest that 
ithad a life position relativelydeep in the sediment (Fig. 1 3 :8 ) .  

In Fig. I l , the values of length, height, and width of 
Nuculoidea lens (Fig. 1 1 :5)  fall dose to the region of slow 
burrowing. The shell is relatively thick and it has a smooth 
surface. There are conspicuous impressions of pedal musdes 
suggesting a powerful foot. The morphology thus indicates, 
together with statistical facts (see below) , an active mode of 
life in a relatively shallow life position (Fig. 12 :2) .  

Nuculoidea pinguis is  dosely similar in shell morphology 
and muscular impressions to Nuculoidea lens and, accord
ingly, most probably had the same or very similar burrowing 
ability (Fig. 1 1 :6) ,  life habit and life position as this species 
(Fig. 13 :5 ) .  

Although no muscular impressions have been observed in 
Nuculoidea burgsvikensis, the dose similarity in shell mor
phology to Nuculoidea lens and Nuculoidea pinguis suggests a 
similar life habit and burrowing ability (Fig. 1 1 :7 ) .  Possibly 
the life position of Nuculoidea burgsvikensis was somewhat 
shallowerthan that of the othertwo species mentioned, owing 
to its comparatively thicker and coarser shell (Fig. 14:4) .  

4 

5 

tJ 

shal low 

m ed i u m
shal low 

deep 

Fig. 12. Reconstruction ofthe nuculoidcommunityofthe Wenlockian Halla Beds at Mollbos. ( 1 )  Nuculodontagotlandica, (2) Nuculoidea lens, (3 )  Nuculoidea 
sp. A, (4) Caesariella lindensis, (5)  Palaeostraba baltica. 
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Fig. 13. Reconstruction of the nuculoid community of the Wenlockian Mulde Beds at Djupvik. ( 1 )  Tancrediapsis salituda, (2)  Sirnilodonta djupvikensis, 
(3 )  'Nuculana' sp. A, (4) Ekstadia tricarinata, (5)  Nuculaidea pinguis, (6) Ekstadia kellyi, (7)  Tancrediopsis gotlandiea, (8)  Praenucula [a ba. 
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Fig. 14. Suggested life positions of the nuculoid species of the Ludlovian Burgsvik Beds. ( l )  Ledopsis burgsvikensis, (2)  Nuculites salida, ( 3 )  'Nuculana' oolitica, 
(4) Nuculoidea burgsvikensis, (5)  Nuculites sp. B, (6)  ?Nuculoidea ecaudata. 

The shape of the shell in Nuculoidea sp. A points to a 
moderately rapid burrowing speed (Fig. 1 1 :8 ) .  Furtherrnore, 
it has a conspicuously coarse shell sculpture and a thick and 
gibbous shell, both characteristics of a shallow life position 
(Fig. 12 :3) .  

?Nuculoidea ecaudata has an anterior expansion of the 
shell and a rather thick shell, and its values of length vs. 
height and width indicate a moderately rapid burrowing 
rate (Fig. 1 1 :9) .  The thick shell is indicative of a shallow life 
position (Fig. 14:6) .  
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Two varieties of Caesariella lindensisean be reeognized, viz. 
the Ludlovian type from the Slite Beds and the Wenloekian 
type from the Halla Beds. The first -mentionedlies dose to the 
region of slow burrowing and the other well withing the 
region of rap id burrowing (Fig. l 1 : 1Oa and 1 1 : 10b, respee
tively) . 

The value of length, height, and width of Ekstadia tricari
nata indieates moderately rap id burrowing (Fig. 1 1 : 1 1 ) ,  
whieh is also true o f  Ekstadia kellyi (Fig. 1 1 : 12 ) .  The eorre
sponding values of Palaeostraba baltica and Nuculites solida, 
respeetively, lie well within the region of rapid burrowing 
(Fig. 1 1 : 1 3  and 1 1 : 14, respeetively) , indieating a somewhat 
faster burrowing speed than the two Ekstadia speeies. The 
values of 'Nuculana' oolitica (Fig. 1 1 : 1 5) ,  Tancrediopsis got
landica (Fig. 1 1 : 1 7) and Tancrediopsis solituda (Fig. 1 1 : 1 8)  are 
well within the region of rapid burrowing. The value of 
'Nuculana' sp. A lies deepest in the region of rapid burrowing 
(Fig. 1 1 : 16) .  

Ekstadia tricarinata, Ekstadia kelly� Palaeostraba baltiea, 
Nuculites solida, Nuculites sp. A, Nuculites sp. B, Caesariella 
lindensis, 'Nuculana' oolitica, and 'Nuculana' sp. A are all 
eonsidered to have had siphons. In Ekstadia tricarinata, Ek
stadia kellyi, Nuculites sp. A, and Caesariella lindensis the 
presenee of a pallial sinus supports this assumption. Palaeo
straba baltiea and Nuculites solida both have an oblique 
posterior sulcus, indieative of siphons, whereas in 'Nuculana' 
oolitica and 'Nuculana' sp. A the eonspicuously rostrate pos
terior end suggests the presenee of siphons. I suggest that the 
siphonate species, exeept for Caesariella lindensis (see discus
sion below) , had a eomparatively deep life position (Palaeo
straba baltica, Fig. 12 :5 ;  'Nuculana' sp. A, Fig. 1 3 :3; Ekstadia 
tricarinata, Fig. 13 :4; Ekstadia kellyi, Fig. 1 3 :6; Nuculites solida, 
Fig. 14:2; 'Nuculana' oolitica, Fig. 14:3; Nuculites sp. B, Fig. 
14 :5) .  

All of the present nueuloids fall within the region of rapid 
burrowing in Fig. I l .  One speeies, however, 'Nuculana' sp. A 
(Fig. 1 1 : 1 6) ,  exhibits an extreme, blade-like shell shape, indi
eating extraordinarily rapid burrowing. The remaining spe
eies were probabalyrapid to moderatelyrapid burrowers, and 
their positions as shown in Fig. 1 1  may give a rough idea of 
their burrowing ability in relation to eaeh other, espeeially of 
those oecurring in the same habitat (see below) . 

Ecology and faunal associations 

Living nueuloids are found as infauna in most sublittoral 
environments, from gravelly to muddy bottoms, in whieh 
each species is generally restricted to a particular type of 
substratum (Allen 1954, p. 469) .  The Silurian nuculoids of 
Gotland have been recorded from a wide range of substrates, 
from coarse oolitic sandstone to argillaceous limestones and 
muds. Although disarticulated, the nuculoids found in coarse 
sediments, such as oolitic limestones and sandstones, prob
ably lived in these habitats, because the shells have not been 
eroded. 
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Fig. 15. Mode of feeding (non-siphonate = deposit feeding, siphonate = 
suspension feeding) ,  maximum feeding depth and substrate preference of 
the nuculoids of Gotland. 

Based on morphological features, 1 1  of the present species 
are considerednon -siphonate and 9 siphonate (Fig. 15 ) .  They 
are grouped in relation to grain-size of the substrate and to 
maximum feeding depth. 

So far, three nuculoid associations from the Silurian of 
Gotland have been recorded, viz. the Mbllbos fauna (Halla 
Beds), the Djupvik fauna (Mulde Beds),  and the Burgsvik 
fauna (Burgsvik Beds) .  The bivalve fauna from Mbllbos l is 
exdusively silicified (Liljedahl 1983, 1984a, b, c, 1985, 1986, 
1989a, b), whereas the remaining faunas are preserved as 
calcitic shells or moulds of varying material. 

The Mollbos fauna. - At Mbllbos l (Fig. 12) ,  90% of the 
individuals are deposit-feeders, mainly nuculoids (Liljedahl 
1985, pp. 61--64, Figs. 6-7) .  The semi-infaunal suspension
feeders constitute 10% and epifaunal suspension-feeders 
only 0.03% of the individuals. The extremely muddy habitat 
ofMbllbos appears to have favoured deposit-feeders, whose 
activities disturbed the feeding of the suspension-feeders. 
Also, non-siphonate deposit-feeders probably disturbed the 
feeding of the siphonate deposit-feeders (cf. below) . 

The faunal analysis of the Mbllbos community is based on 
more than 3400 valves, of which about 800 are articulated. 
Statistics suggest that the co-existence of the three non
siphonate deposit-feeders Nuculodonta gotlandiea, Nuculo
idea lens, and Janeia silurica (solemyoid, not induded in Fig. 
12)  indicates niche diversification with feeding depths in 
order of increasing depth. In samples where the shallow 
burrower Nuculodonta gotlandica is numerically dominant 
over Nuculoidea lens and Janeia silurica taken together, the 
siphonates Palaeostraba baltica and Caesariella lindensis are 
significantly missing. Conversely, in samples where Nuculo
idea lens and Janeia silurica together dominate over Nuculo
donta gotlandica, the two mentioned siphonate species are 
most abundant, even though no more than 7.6%. 
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The siphonates Palaeostraba baltica and Caesariella 
lindensis probably co-existed with the non-siphonate Nucu
loidea lens and Janeia silurica and inhabited different tiers, i.e. 
they occupied the shallowest level (Fig. 12 :4, 5 ) .  Nueuloidea 
lens and Janeia silurica also show a significantly higher rate of 
articulated valves (33.8% and 3 1 .0%, respectively) than does 
Nueulodonta gotlandica ( 1 7.9%) suggesting a deeper life po
sition for the two first mentioned. Nuculoidea sp. A is found 
as one articulated specimen onIy, but because of its morpho
logical features it most probably lived at the shallowest level 
(Fig. 12 :3) .  

The unusually high number of fossil bivalves obtained 
from this fauna gives insight into other ecological phenom
ena. For example, a shell of Nueulodonta gotlandica shows 
pearl formation in the shape of a tube (Fig. 28G) representing 
a tumour forrned by a possible commensal. Also blister
pearls have been recorded (28C; the oldest bivalve pearls 
known). An example of shell repair of the mantle edge is 
reflected in markings on the shell in one specimen of Nueulo
donta gotlandica (Fig. 28A) . Probablythe damage was caused 
by a nibbling predator, but the mantle recovered gradually 
and eventually produced an almost normal shell margin. For 
a shorter period of time after the injury the valves grew at a 
slower pace, as reflected by change in shell shape. Growth
ring analysis of Nueuloidea lens indicates that the largest 
specimen ( 14 mm long) was about 7 years old (Liljedahl 
1984a, p. 55) .  

The Djupvik fauna. - This fauna (Fig. 1 3 )  has not been bulk
sampled but is represented by specimens collected over a 
period of several decades. Only general synecological conclu
sions can therefore be drawn. Most specimens from Djupvik 
are articulated and preserved in marl indicating a biocoeno
sis. However, the specimens were most probably collected 
from a number oflevels, and thus the relative numbers do not 
necessarily reflect the actual numerical relation between the 
different species at one time. 

The nuculoid part of the fauna appears to have been 
dominated by non-siphonate forms, Tancrediopsis gotland
iea, Nueuloidea pinguis, and Praenueula faba being the three 
most numerous. Altogether there are approximately 400-500 
non-siphonate nuculoid specimens from this locality and 
about 100 siphonate ones, Ekstadia tricarinata being the most 
common of the siphonate speeies (95 specimens) .  Whether 
the siphonate Ekstadiawas outcrowded byco-occurringnon
siphonate species or forrned a single-species community in 
beds separated from those with abundant non-siphonate 
species, cannot be determined from the present material. 

The Burgsvik fauna. - The Burgsvik bivalve fauna (Fig. 14) is 
even more difficult to evaluate. The Burgsvik Beds form a 
complex series of different lithologies, ranging from coarse
grained conglomeratic limestones over oolitic limestones to 
pure sandstones. Ledopsis burgsvikensis, Nueuloidea burgs
vikensis, and 'N ueulana' oolitica are found in oolitic limestone 
while Nueulites solida, Nueulites sp. B, and ?Nueuloidea ecau-
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data are found in limestone. As a whole, the Burgsvik Beds 
contain veryfew nuculoid specimens as compared with other 
bivalves. The oolitic limestone indicates a shallow environ
ment with high water energy, but the fossils are usually well 
preserved, encrusted with a more or less thick coating of 
precipitated calcium carbonate. All specimens collected are 
single valves, which confirms the assumed high energy at the 
time of their accumulation. 

Historical review 

There exists a real difficulty in synthesizing the systematic data 
available on Palaeozoic nuculoid bivalves because most de
scriptions are dated and therefore difficult to use for com
parativepurposes. However, a thorough revision ofthewhole 
group is necessary, and as the revision work of the nuculoids 
proceeds, the often-used names ofRecent taxa, such as, e.g., 
Nueula and Nueulana ( 'waste-paper basket' taxa for nucu
lo id-like bivalves throughout the fossil record), may eventu
ally be abandoned and replaced by more appropriate names. 
Many of the generic and probably also of the specific names 
are synonyms, which makes a reliable compilation of taxa 
almost futile at present. Furthermore, in some cases the old 
literature is not specific as to stratigraphic level. 

The earliest bivalve assumed to be a nuculoid or nuculoid 
progenitor is Pojetaia from the late Early Cambrian (Runne
gar & Bentley 1983; Pojeta & Runnegar 1985) .  After its 
appearance there is a gap until the Ordovician, when 'true' 
nuculoids appeared. 

The oldest post-Cambrian bivalves, which are nuculoids 
(palaeotaxodonts) ,  have been reported from the Trema
docian of Argentina (Harrington 1938) ,  Afghanistan (Ter
mier & Terrnier 1971 )  and France (Thoral 1935) .  They are 
represented by four genera onIy, viz. Ctenodonta, Palaeoneilo, 
Afghanodesma and an un-named genus closely related to 
Deceptrix (Pojeta 1978, p. 230). In the Middle to Late Ordovi
cian, nuculoids were represented by about 20 genera, and the 
period as a whole by almost 30 genera, making about � of all 
known Ordovician bivalve genera (Pojeta 1978, p. 23 1 ) .  

Only about eleven o f  the Ordovician nuculoid genera 
survived into the Silurian, viz. Cardiolaria, Cleidophorus, 
Ctenodonta?, Deceptrix, Nueulites, Nueuloidea, Palaeoneilo, 
Praenueula, Pyrenomoeus, Similodonta, and Tanerediopsis. 
Ten exclusively Silurian genera have been reported, viz. Aris
aiga, Bierenula, Caesariella, Dysodonta, Ekstadia, Gotodonta, 
Metapalaeoneilo, Nueulodonta, Palaeostraba, and Tropinue
ula, as well as three additional genera which appeared during 
the Silurian and persisted into the Devonian, viz. Ledopsis, 
Praeetenodonta, and Tellinopsis. A total of about 25 Silurian 
genera are represented, in Asia & Australia by about 10  species 
(of 6 genera) ,  in North America by about 50 species (of 1 2  
genera), in  Bohemia by about 7-19 species (uncertain strati
graphical documentation) of2-4 genera; in Great Britain by 
about 20 species (of 4 genera) and in Baltoscandia by about 25 
species (of 1 1  genera) .  
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Important works on Silurian bivalves treating Asia and 
Australia are those ofChapman ( 1908) ,  Sherrard ( 1 959), and 
Philip ( 1 962); North Ameriea those of Simpson ( 1 890), 
McLearn ( 1 924), and Bambach ( 1 969, unpublished); 
Bohemia that of Barrande ( 1 88 1 ) ;  Great Britain those of 
Sowerby ( 1 839),  McCoy ( 1 862), Hind ( 1 9 10) ,  and Reed 
( 193 1 ) ;  Baltoseandia those ofSoot-Ryen ( 1 964) and Liljedahl 
( 1983, 1984a, b, 1985, 1986, 1989a, b, c, 199 1 ,  1992a, b, c and 
this paper) .  
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Modiomorphidae 

Morphology 

General shell shape. - The shell shape varies in lateral view 
from almost circular (Fig. 46B),  to elongate subovate (Fig. 
37J) to subtriangular (Fig. 391), to elliptical (Fig. 37G) .  The 
shell may be equivalved (Fig. 37E) or subequivalved (Fig. 
46C) andhave areducedanterior lobe (Fig. 37B) butgenerally 
without terminal beaks (Fig. 37B) .  

Colpomya 

B 

A leodon ta 

c 

Mimerodanta 

D 
Radiatodonta 

E 

Modiolopsis Goniophora 

Fig. 1 6. DA. Hinge of left and right valve of Colpomya hugini n.sp. DB. Hinge ofleft and right valve of Aleodonta burei n.gen. et n.sp. De. Hinge of left and 
right valve of Mimerodonta atlei n.gen. et n.sp. OD. Hinge of right valve of Radiatodonta sp. 1. DE. Hinge of right valve of?Modiolopsis alvae n.sp. OF. Hinge 
of right valve of Goniophora onyx Liljedahl, 1984. 
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The beaks are prosogyrous (Fig. 37H) and inconspicuous 
(Fig. 45E), and in some species extremely small (Fig. 46H) .  
They may even be involute (Fig. 53L) . 

In most species a more or less conspicuous umbonal ridge 
is present (Fig. 37J) , sometimes developed as an angular keel 
(Fig. 53C). In some species there are two ridges, one anteriorly 
and the other posteriorly (Fig. 37K) . 

Shell sculpture. - The shell surface may have faint growth lines 
on a smooth surface (Fig. 37L) , in some cases with distinct 
growth-increment stops (Fig. 46D) ,  comarginal costellae 
(Fig, 54C), transverse costellae (Fig. 530), or radial ribs (Fig. 
54F) .  

Size. - The length of the largest specimens of the different 
species varies from about 1 3  mm ( Goniophora alei) to about 
65 mm (Radiatodonta sp. 1 ) .  

Byssal apparatus. -I n  byssate bivalves a byssal apparatus may 
be extemally recognized by a more or less conspicuous byssal 
gape, a feature prominent in, e.g., North American Ordovi
cian Ambonychiidae (Pojeta 1966, p. 14 1 ) .  Its presence may 
also be inferred by the existence of a byssal sinus, an indenta
tion seen in lateral view in the anteroventral part of the shell, 
where the byssus threads protruded. A byssal gape is quite rare 
in Palaeozoic byssate forms (Pojeta 1966, p. 14 1 ) ,  while a 
byssal sinus is a common feature in members of several 
groups ofbivalves, e.g., Ambonychiidae, Modiomorphidae, 
and Pterineidae. 

The presence of a byssal gape is difficult to establish in fossil 
material, especially in single valves. In some modem bivalves, 
e.g., Mytilus Linnaeus and Modiolus Lamarck, the location of 
thepointwhere the byssus threads protrude, i.e. the gape, may 
not be readily distinguishable, owing to its min ute size, in 
spite of the development ofa strong byssus and, in some cases, 
also of a prominent byssal sinus. 

Hinge. - North American Ordovician modiomorphids are 
either edentulous [ (e.g., Modiolopsis valida Ulrich, Modio
lopsis aff. simulatrix Ulrich, Modiolopsis versaillensis Miller, 
Whiteavesia cf. cincinnatiensis (Hall & Whitfield) and Whit
eavesia cincinnatiensis (Hall) ,  in Pojeta 197 1 ,  Pl. 14: 1-5, Pl. 

17 : 1 8-18, respectively) l or have only cardinal teeth (e.g., 
Colpomya concentrica Ulrich, in Pojeta 197 1 ,  Pl. 12 :2-3, 
Modiolodon oviformis (Ulrich), in Pojeta 197 1 ,  Pl. 13 :6,8-9 
and Modiomorpha concentrica (Conrad) , in Pojeta et al. 1 986, 
Pl. 1 1 :2,5, Pl. 12 : 1 and in Baily 1 983, Fig. 47A, E) .  

The Swedish Silurian Modiomorphidae exhibit more 
variation (Fig. 16)  in having ahinge ( 1 )  with ahinge plate that 
has a diagonal cardinal tooth in the right valve and a diagonal 
socket in the left (Fig. 1 6A) ; (2) with no hinge plate, a diagonal 
cardinal tooth in the right valve and a diagonal folding of the 
dorsal margin in the left (Fig. 16B);  (3)  with no hinge plate, an 
erectcardinal tooth in the rightvalve anda V -shaped slit in the 
dorsal margin of the left one (Fig. 16C);  (4) with a hinge plate 
that has dorsally converging cardinal teeth and sockets in each 
valve (Fig. 16D); (5) with a hinge plate that has one or two 
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diagonally arranged cardinal teeth and sockets in each valve 
(Fig. 16E);  (6) with a hinge plate but without dentition (Fig. 
16F) .  

Lateral dentition of the hinge is lacking in all the modio
morphid species studied. 

Ligament. - Ligament structures of Palaeozoic bivalves are 
only rarely preserved. To my knowledge, only one account of 
preserved ligament material has been published, viz. the 
ligament of Modiolopsis modiolaris (Conrad) preserved as a 
darkstain (Pojeta 1971 ,  Pl. 1 5 :5) .  The ligament areas offossil 
bivalves, however, are in many cases preserved well enough to 
provide information on the morphology of the original liga -
ment. 

The ligament of the present modiomorphids is opistho
detic, i.e. such that the mantle isthmus was situated posterior 
to the umbones (Trueman 1969, p. N60) .  It shows dose 
resemblance to the ligament construction in living myti
laceans, by some authors referred to as parivincular or of the 
C-spring type (Dall 1 895, p. 500; N ewell 1942, p. 28; Trueman 
1969, p. N61 ,  Fig. 52c, D, D' ;  cf., however, Pojeta et al. 1 986, 
p. 7 1 ,  who consider the ligament of Mytilus edulisas not being 
of the C-spring type) . 

In the modiomorphids under study, as well as in other 
members of the group, there is a groove in the dorsal margin 
serving for the attachment of the ligament, [Figs. 1 7, 39B-D, 
F-H, K, 4IB,  E-G, 46A, E, L-M, 48B-D, H, 50D, F-G, I-K 
herein; cf. also Bailey 1983, Fig. 47E; and Pojeta etal. 1 986, Pl. 
1 1 :5 0fModiomorpha concentrica (Conrad) ; Pojeta etal. 1986, 
Pl. 14:2, 4 of Modiolopsis aff. simulatrix Ulrich, and Pl. 14:5 of 
Modiomorpha versaillensis Miller) l .  Most probably, it corre
sponds in function to the resilial ridges of modem mytilids. 

B 
<fIIt5hl valve 

1 2 3 4 

Fig. 1 7. Camera lucida drawings of cross sections through hinge and 
ligament regions. Ligament remnants stippled. DA. Colpomya hugini n.sp. 
DB. Aleodonta burei n.gen et n.sp. 
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LR 2 LR 

Fig. 1 8. Cross section of ligament region of Mytilus edulis showing shell 
(blank) , ligament ridges (LR), outer Iayer ofligament O ) ,  and inner layer 
of ligament (2) .  (After Trueman 1950, Text-fig. 3 . )  

In some of the material at hand, cross sections show 
remains of the ligament proper. Fig. 1 7  A:a is a cross section of 
the hinge region, and Fig. 1 7  A:b-c are of the middle part of the 
ligament of Colpomya hugini. Fig. 1 7B:a is a cross section of 
the hinge region and 17B-C of the ligament, and 1 7D of the 
shell posterior to the ligament of Aleodonta burei. 

Since the inner layer of the bivalve ligament is calcified (the 
periostracum and outer layer are not; Trueman 1969, p. 58) ,  
it  is  more prone to fossil preservation than the uncalcified 
tissues of the ligament. Thus, the ligament structures pre
served in Colpomya hugini and Aleodonta burei probably 
correspond to the inner ligament layer of, e.g., Mytilus edulis 
(layer 2 in Fig. 18 ) .  

Musculature. - The present modiomorphids are anisomy
arian, that is, the anterior adductor musde scar is reduced in 
size relative to the posterior one (Fig. 19B) The anterior 
adductor musde scar is generally more deeply impressed (Fig. 
461, K) and in some cases extremely so (Figs. 37E, 43F-G).  

In some of the Silurian modiomorphids, both the anterior 
and posterior adductor musde scars show evidence of' quick' 
and 'catch' structures (Fig. 19A, C, F) .  The 'quick' musde 
fibers ofbivalves are striated and believed to function during 
rapid dosing of the valves, whereas the 'catch' musde fibres 
are smooth and work more slowly, keeping the valves dosed, 
in some cases for a considerable time (Cox 1969, p. N35) .  In 
dimyarian bivalves the ' quick' musdes occupy the part of the 
scar dose to the middle of the shell, while the 'catch' portion 
is located in the peripheral part of the scar (Cox 1969). 

In those species of the present material where 'quick' and 
'catch' portions are discemible, the area dosest to the middle 
of the shell is typically larger than the peripheral part. If the 
distribution of the two kinds of musdes of the Silurian 
modiomorphids was similar to that in living bivalves, it 
appears that the 'quick' portion of at least some of the present 
modiomorphids is larger than the 'catch' part. The need of 
frequent and rapid dosure of the valves in non-swimming 
bivalves may be required for two main resons, viz. for deans-
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ing the mantle cavityfrom undigestible or foreign matter and 
for protection against physical disturbances, such as, e.g., 
predation. 

The factthat the ' quick' portion of the adductor musde scar 
dominates over the 'catch' portion, suggests ability of fre
quent and rapid dosing of the valves. As predation pressure 
on Silurian bivalves was probably low (Liljedahl, 1985) ,  com
pared to that in modem biota, it is likelythatthe abilityto dose 
the valves rapidly was primarily required for the deansing 
action of removing undigested and foreign matter from the 
mantle cavity. Probably this deansing method was prevalent 
in Silurian times, owing to the fact that siphons and mantle 
fusion apparently were only extremely rarely developed in 
Palaeozoic suspension -feeding bivalves. 

The anterior adductor musde scar of some of the present 
modiomorphids exhibit an uneven, jagged posterior border 
(Fig. 19D, 23H) suggesting the presence of several accessory 
musdes (cf., e.g., such musdes in Tellina, Cox 1969, p. N30, 
Fig. 3 1H) .  Also, more or less conspicuous single scars in the 
anterior region of the shell may be present (Fig. 19A) . Com
monly, an extraordinarily deep, relatively small scar is situ
ated between the anterior adductor musde scar and the 
umbonalcavity, that reflects the impression ofa strongpedal
byssal retractormusde (Figs. 19A, 37A, C, 43C, F, G, 45H, 46I, 
55C-D, F). Some species exhibit one or more impressions in 
the summit of the umbonal cavity, indicating the presence of 
pedal elevators and possibly also of visceral musdes (Figs. 
19A, 37A, C) .  

In some species the posterior adductor musde scar shows 
hypertrophism (Figs. 19C, E-F, 37F, 391, 45H, 55A) . In 
Recent Mytilacea the posterior adductor musde is connected 
with anterodorsally extended bundles of the posterior byssal 

Fig. 1 9. Muscular impressions. DA. Modiodonta gothlandica Liljedahl, 
1989. Anterior end of internal mould of articulated specicmen showing 
'quick' and 'catch' portions of the anterior adductor muscle scar and 
pedal-byssal scars (for explanation see below) . RMMo 24944, x I 2.3 .  DB. 
Colpomya hugini n.sp. Internal mould of right valve showing anisomyarian 
musculature of articulated specimen. RMMo 25420, x6.4. De. l Colpomya 
balderi n.sp. Posterior end of articulated specimen showing 'quick' and 
'catch' portions of the posterior adductor muscle scar, and secondary line 
of pallial attachment (at arrows) .  RMMo 1 50416 ,  x3.0 .  OD. Aleodonta 
burei n.gen. et n.sp. Anterior part ofinternal mould of articulated specimen 
showing anterior adductor muscle scar with jagged posterior limitation 
(arrows) indicating the positions of accessory muscles. RMMo 25428, 
x7.0. DE. Colpomya burei n.sp. Internal mould of articulated specimen 
showing hypertrophied dorsal part of posterior adductor muscle. RMMo 
1 6523, x8.9. OF. Modiodonta gothlandica. Internal mould of articulated 
specimen showing scar of hypertrophied posterior adductor muscle and 
'quick' and 'catch' portions ofthis sear. RMMo 24942, x5.0. All specimens 
from the Wenloekian Mulde Beds at Djupvik, Gotland. aa = anterior 
adductor, pa = posterior adductor, q = quick portion, c = eatch portion, 
pe = pedal elevator, pp = pedal protractor, pr = pedal retractor, pbr = 
pedal-byssal retractor. 
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pbr 
pbr 

- -- - /-- -98 
abr abr 

A aa B aa 

Fig. 20. Museulature of DA. Modiolus modiolus. DB. Mytilus edulis. aa = anterior adductor muscle, abr = anterior byssal retractor muscle, gs = gill 
suspensories, pa = posterior adductor muscle, pbr = posterior byssal retractor muscle. (After Newell 1942, Fig. 6A, D.) 

and pedal retractor muscles (Fig. 20) . Thus, the impressions 
in question of the modiomorphids under study most prob
ably show the positions of such muscles. Also, additional 
small muscle imprints, referable to pedal muscles, are present 
in the posterior region (Fig. 461) .  

Pallial muscles of the mantle are often present as radial or 
punctiform scars connecting the adductor muscle scars. In 
one species, ?Colpomya ranae, the pallial line is  slightly sinu
ated (Fig. 43H). In another, ?Colpomya balder� the pallial line 
continues on the dorsal part of the posterior adductor muscle 
scar (Fig. 19C, 45H; cf. secondary line of pallial attachment of 
Mytilus in Owen 1958, p. 642, Fig. 4A; see also discussion in 
'Classification') . 

Some of the present species, Modiodonta gothlandica (Fig. 
37G), Colpomya hugini and ?Colpomya ranae, (Fig. 43G--H) ,  
exhibit internal diagonal ridges, possibly being the attach
ment area of the gills (cf. similar structures in the myalinids 
Myalina goldfussiana and Orthomyalina slocomi, and also gill 
suspensories, in the Recent Modiolus modiolus and Mytilus 
edulis, in Newell l942, p. 30, Fig. 6E, G, A, and D, respectively) . 

Functional morphology, ecology, and life habits 

Shell morphology ofbivalves is intluenced by environmental 
factors and may be conspicuously similar in distantly related 
bivalves occupyingthe same environmental niche. In numer
ous different phylogenetic groups ofbivalves, great morpho
logical diversity may occur because of adaptions to a wide 
range ofhabitats. 

Epifaunal groups are more variable in morphology than 
infaunal groups (Kauffman 1969, p. N142) .  For the latter 
ones, shape and relative convexity are closely related to 
habitat depth in the sediment and rate ofburrowing (Kauff
man 1969, pp. N142, 1 66) . 

Shell thickness, for instance, may be related to burrowing 
rate, in that thick -shelled species normally are slow burrowers 
and thin-shelled on es rapid (Stanley 1970, p. 6 1 ) .  Rapid 

burrowers are either deposit feeders or inhabitants of moder
ately unstable or unstable shifting substrates (Stanley 1970, p. 
6 1 ) .  

Burrowing rate can also be  related to shell ornamentation 
in that strongly ornamented forms are normally slow bur
rowers, while ornamentation is weak or absent in most rapid 
burrowers. However, some slow burrowers have little or no 
ornamentation (Stanley 1970, p. 62) .  

In  the living relatives of  Modiomorphidae, the Mytilidae, 
there are two major life habit groups, endobyssate semi
infaunal or epibyssate epifaunal species (Stanley 1972, p. 
169). They are all characterized by adult attachment, a re
duced anterior region, and an anisomyarian or monomy
arian musculature (Stanley 1972, p. 169) .  The endobyssate 
species exhibit moderate reduction of the anterior lobe and 
have a more cylindrical shell form than epibyssate ones. 
Epibyssate species, generally lacking the anterior lobe, have a 
tlattened venter and only a diminutive anterior adductor 
musde. 

In cross section the maxirnum convexity of endobyssate 
bivalves is at or above mid-height of the shell, while in 
epifaunal forms the maximum convexityis below mid-height 
(Fig. 2 1A) . The musculature of both endobyssate and epi
byssate species is anisomyarian, i.e. the anterior adductor 
muscle is reduced in size (in endobyssate species there is only 
moderate reduction), and in some epibyssate the anterior 
adductor muscle may even be entirely lacking, owing to 
extreme reduction of the anterior part of the shell. 

In endobyssate species a line trough the centres of the 
adductor musdes intersects with the hinge axis at an acute 
angle (posterior auricle developed) , and in epibyssate species 
the lines intersect at an obtuse angle (posterior auricle 
strongly developed; Fig. 2 18) .  In the latter the posterior byssal 
retractor muscle is situated immediately above the byssus in 
a dorsal position, thus providing a powerful attachment, 
while endobyssate forms have their byssal retractor in a more 
posterior position resulting in a weaker byssal attachment 
(Fig. 2 1B: see Stanley 1972, Fig. 3D).  
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Epibyssate Endobyssate 
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Mytilus edu/is 

Modio/us demissus 

Fig. 21 .  Comparative adaptive morphology of Mytilus edulis (epifaunal) 
and Modiolus demissus (semi-infaunal ) .  DA. Cross-sectional shapes show
ing position of maximum width in relation to height of the shell. DB. 
Internal view showing museulature and relation between the lines passing 
throughligament and adductor muscle scar (see text for explanation) .  DC 
Life positions on hard surface and in soft substrate, respectively (after 
Stanley 1972, Text-fig. 3 ) .  
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In  several species of  the genus Modiolus, a twisted commis
sureplane is a commonfeature (Savazzi 1984, p. 307) .  In these 
cases the animal lives semi-infaunally, being attached with a 
fairly strong byssus, and resting on one valve, i.e. with the 
commissure plane inclined. Thus, shell torsion reduces the 
height and vulnerability of the parts projecting above the 
sediment surface, butatthe sametime itmaximizes the length 
of the posterior commissure raised above the sediment sur
face (Fig. 22) .  

The posterior adductor muscle of isofilibranchs is often 
connected with a variable number of posterior byssal retrac
tor muscles. In the anterior part of the shell, close to the 
adductor muscle, there is also a deeply impressed byssal 
retractor muscle, which in some species is attached to an 
umbonal septum. The pallial line in living mytilids is integri
palliate but often discontinuous between the impressions of 
the two adductor muscles. 

Shell shape of the taxa under study, except Goniophora, (see 
separate discussion below) , varies from rounded oval to 
obliquely elongate to almost mytiliform (length/height ratio 
1 . 1-2.5) .  The valves are more or less compressed and gener
ally have a smooth surface. The length/height ratio to heightl 
width ratio of the species are presented in Fig. 23. There are no 
extreme shape types arnong the species studied, such as disc
, sphere-, blade- or cylinder-shape. Most forms are more or 
less close to the line separating the area of rapid burrowing 
from that of non-rapid burrowing in Fig. 23. The most blade-

com m issure plane inc l ined 

shel l  torsion 

h 

B 

Fig. 22. Semidiagrammatie drawing showing difference in height above the sediment surface between shell with commissure plane vertical (A) and inclined 
with shell tors ion (B) .  h = height above sediment surface, d = byssal depth (after Savazzi 1984) . 
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1 Modiodonta gothlandica 
3 2 Colpomya hugini 

3 Colpomya munini 
-:2 4 ? Colpomya heimer; 
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Fig. 23. Shell shape related to burrowingrate according to Stanley's ( 1 972, 
Fig. 25) scheme. 

like forms are ?Colpomya ranae and ?Colpomya vaki (Nos. 7 
and 5, respectively, in Fig. 23) while Mimerodonta atlei (No. 
13 in Fig. 23) ,  ?Colpomya friggi (No. 10 in Fig. 23) and 
Aleodonta burei (No. 12 in Fig. 23) approach sphere shape, 
although they are still far from being completely spherical. 

Although shell thickness has not been measured, it appears 
as ifthe Swedish Silurian modiomorphids had comparatively 
thin shells. ? Colpomya ranae, Modiodonta gothlandica, ? Col
pomya vaki, ?Colpomya audae, ?Colpomya lokei, and Modio
lopsis alvaeall have comparativelythin shells, while Aleodonta 
burei and Mimerodonta njordi have moderately thin shells. 
?Colpomya heimeri, ?Colpomya friggi, ?Colpomya sp. l, Radi
atodonta sp. l, and Radiatodonta sp. 2 seem to have had a 
relatively thick shell. 

Accordingly, the elongate, compressed and thin, smooth 
shell of ?Colpomya ranae, together with the configuration of 
the muscular imprints, suggests a rapid-burrowing, possibly 
completely infaunal (suggestion based on the presence of a 
pallial sinus) ,  non-byssate life habit. This assumption is fur
ther strengthened by the presence of distinct radial attach
ment scars of the mantle, which possibly indicates fused 
mantle margins typical of rapid burrowing siphonate species. 
In Modiodonta gothlandica, Modiolopsis alvae, ?Colpomya 
balderi, and Aleodonta burei the detailed morphology of the 
muscular impressions supports the assumption of ability of 
relatively fast burrowing and a moderately strong byssal 
attachment in a semi-infaunal position. 

In order to explain the functional morphology of the 
moderately thin-shelled species, one has to consider more 
factors than burrowing ability. Shell thickening in living 
bivalves increases physical stability (Stanley 1970, p. 82) .  In 
unstable substrates, however, a thin shell combined with 
rapid burrowing are the best solutions to the problems of 
adapting to this kind of habitat. Some rapid burrowers, 
however, have thick shells which counteract disinterment by 
increasing whole-animal density (Stanley 1970, p. 82) .  

The moderately thin-shelled modiomorphids of this pa
per, except for Aleodonta burei (see below) , have been found 
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in coarse-grained sediments, and most of them (except for 
Goniophora) are considered relatively fast burrowers (see, 
however, Aleodonta burei, Mimerodonta atlei and Mimero
donta njordi below) . 

Two of the species studied, Colpomya huginiand Colpomya 
munini, are slightly inequivalved as observed in a large num
ber of articulated specimens. This was possiblyalso the case in 
Aleodonta burei, Mimerodonta atlei, and Mimerodonta njordi. 
Although the differences in morphology of the valves ofthese 
species in some cases is slight, there probablywas a functional 
significance. In infaunal as well as in deeply semi-infaunal 
bivalves, such differences are not likely to have been of 
functional importance. Instead, ifan inequivalved bivalve has 
a shallowly semi -infaunal, low-angle fixation having the valve 
with the more developed umbonal ridge oriented upwards, 
this valve may have channelled the water flow more efficiently 
than would have been the case with the other valve up (cf. 
endo-byssate, low angle fixation suggested for Palaeozoic 
pterineids in Stanley 1972, p. 185) .  The presence of an ante
rior lobe in the modiomorphids studied does not, however, 
preclude an epifaunal life habit, since living mytilids with a 
pronounced anterior lobe may be fullyepifaunal [e.g., Adipic
ola pelagica (W oodward, 1 854) in Dell 1987 , Fig. 1-2, Adipic
ola simpsoni (Marshall, 1900) in Dell 1987, Figs. 5-6, Bentho
modiolus abyssicola (Knudsen, 1970) in Dell 1987, Figs. 
46-47) ] .  

Slightly inequivalved shells are unsuitable for effective 
burrowing. In most byssally attached anomids and adult 
pectinids the less convexvalve is usually facing the substratum 
for increased stability (Stanley 1972, p. 30) .  Stanley ( 1972, p. 
185)  suggested that a minor reduction in the right valve 
convexity of endobyssate pterineids was associated with a 
low-angle fixation for increased stability in a less deeply 
buried life position. Thus, the shell shape of Aleodonta burei 
suggests - together with the configuration of its muscular 
imprints and the presenee of epibionts on the shell - ability of 
slow burrowing and a shallow, endo-byssate life position, 
possibly in a low angle fixation (Fig. 47B) .  

Another life habit, present in some Recent mytilids, is  the 
nestling in the byssus threads of the bivalve individuals (e.g., 
Musculus koreanus Ockelmann, 1983, p. 96) .  However, the 
hard part morphologyalone does not give any information as 
to this kind of life habit. 

At least one of the modiomorphid species studied, viz. 
Colpomya munini, exhibits a twisted commissure plane (Fig. 
41D) .  Besides the fact that this species is inequivalved, its shell 
torsion suggests that it was living infaunally, with the plane of 
commissure inclined, in a low-angle fixation (Fig. 25) .  

The inequivalved condition has been recognized in, e.g., 
the Myalinidae, as intermediate between inequivalved infau
nal and semi-infaunal species and equivalved forms. Early 
Palaeozoic semi-infaunal, modiomorphid-like forms may 
have been forerunners of late Palaeozoic, epifaunal mytilids 
(Stanley 1972, p. 1 78, Text-fig. 12 ) .  The inequivalve, endo
byssate modiomorphids studied possibly represent an early 
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attempt to exploit a niche more fullyexploited by later bivalve 
groups. 

The majority of the present species exhibits morphological 
features typical of extant endo-byssate taxa, such as elongate 
shell form, maximum convexity above mid-height, reduced 
but lobate anterior end, and, in some cases, both anterior and 
posterior byssal retractor muscle scars. Extant endo-byssate 
mytilids have a reduced foot and are not true burrowers 
(Stanley 1972, p. 1 17) .  However, the species studied also show 
similarities to active burrowers, primarily the compressed 
shell shape and the configuration of the museular imprints. 
The reduction of the anterior adductor muscle scar is not as 
pronounced as in living mytilids (active burrowers are iso
myarian) .  In several speeies, scars in the umbonal cavity are 
present, and these are interpreted as the impressions of pedal 
elevators. Such muscles are laeking in mytilids, but they are 
present in active extant burrowers such as Tellina, Anodonta, 
and Neotrigonia. In a number of the present Silurian speeies, 
the anterior adductor muscle scar has an uneven, jagged 
posterior edge indicating the presenee of pedal retractors and 
protractors (cf. Tellina,Anodonta,) The position of the poste
rior pedal-byssal retractor muscle scars of the present modio
morphids suggests a less powerful byssal attachment than in 
living mytilids (cf. highly developed posterior byssal and 
pedal retractors in Modiolusand Mytilus in Newell 1942, p. 30, 
Fig. 6A, D) .  

The genus Goniophora exhibits a variety of shell forms 
indicating different modes of life. All species are equivalved 
and characterized by, among other things, their diagonal 
umbonal keel. The keel may be almost straight, seen in lateral 
view, as in Goniophora acuta (Fig. 54B, D) .  This species has 
flattened valves as seen in dorso-ventral direction (width/ 
length value less than 0.5) ,  i.e. the animal is broad and flat. The 
keel may also be more or less sigmoidal, as in the remaining 
Goniophora speeies. The species with the most sigmoidal keel 
is Goniophora alei (Fig. 53K) , which also has the highest 
width/length ratio (0.84) and a comparatively high shell. 
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Some speeies, such as Goniophora onyx, Goniophora brimeri, 
Goniophora brage� and Goniophora tyri, have a moderately 
reduced anterior lobe. 'Goniophora' sp. l and 'Goniophora' 
gymeri have a strongly reduced anterior lobe, while Gonio
phora acuta exhibits a complete loss of the anterior lobe. 

Goniophora chemungensis (Vanuxem) , which belongs to 
the group with moderately sigmoidal keel and slight redue
tion of the anterior lobe, was suggested to have had a semi
infaunal endobyssate life habit by Stanley ( 1 972, p. 194, Text
fig. 28F). He illustrated it with only the posterior margin 
protruding. Bowen et al. ( 1974, p. 107, Fig. 1 5 :9) presented a 
similar interpretation of the life position of Goniophora in 
general. Drevermann ( 1 902, Pl. 1 1 :4) ,  however, figured an in 
situ speeimen of Goniophora stiirtzi Beushausen having a 
slightly sigmoidal keel and moderately reduced anterior lobe, 
with the diagonal keels parallei to the bedding plane. 

A shell form with a straight umbonal keel, and a broad, flat 
shell, such as that in Goniophora acuta, has a large surface area 
relative to total volume (body mass) .  Owing to the so called 
snowshoe effect (Thayer 1974) , an animal with this shape is 
able to maintain a stable life position on a fine-grained, 
muddy substrate. In the case of Goniophora acuta the shell is 
furthermore furnished with a fine concentric sculpture, as 
well as an additional coarser radial pattern on the ventral part 
of the valves. Its almost completely reduced anterior lobe, 
convex ventral margin, and low posterior profile indicate 
absenee ofa functional foot as well as a byssus. Foot and byssus 
are unnecessary in a stable, low-energy environment, which 
was probablythe habitat of Goniophora acuta, as indicated by 
the fine-grained, argillaceous sediment in which it has been 
found. 

The Goniophoraspecies with moderate sigmoidalkeels and 
moderate reduction of the anterior lobe are intepreted as 
having had a life position with the keels parallel to the 
sediment surface (snowshoe effect) ,  but in a more semi
infaunal manner, since the anterior lobewould dip down into 
the substrate (e.g., Goniophora onyx in Fig. 24) . The shape of 
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Fig. 24. Suggested life position and tiering o f  some Goniophora speeies i n  a generalized section of the Silurian coast of Gotland. 
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Fig. 25. Reconstructed life position of some of the modiomorphids from the Ludlovian Burgsvik Beds of Gotland. 

the anterior lobe and the presence of a pedal-byssal musde 
scar in Goniophora brimeri suggest that this species had a 
byssus, and because of their similar shell morphology, Gonio
phora ony:x, Goniophora bragei, and Goniophora tyri most 
probably also had a byssus. 

Goniophora alei, 'Goniophora' gymeri, and 'Goniophora' 
sp. l are in some respects (e.g., terminal beak, straight ventral 
margin and extremely thick and strong hinge region, Figs. 
53M, 54L) reminiscent of the unrelated epifaunal ambo
nychiids. The umbonalkeels of these ' Goniophora' species are 
highly sigmoidal, and the beak of species of this gro up is 
almost terminal (Figs. 53N, 541, M). Thus, the anterior lobe 
is much reduced, and a hypothetical line trough the adductor 
muscle scars intersects the hinge axis at a wide angle, which is 
the case also in living epibyssate mytilids (Stanley 1972, p. 1 7 1 ,  
Text-fig. 3 ) .  Extant bivalves with anterior reduction and 
expanded posterior end have an epibyssate life habit (Stanley 
1972, p. 1 73) .  

'Goniophora'  gymeri shows dose external resemblance to 
several species of the Pennsylvanian Promytilus Newell, e.g., 
Promytilus annosus annosus Newell and Promytilus vetulus 
N ewell (N ewell 1942, Pl. 1 :9, 3 ) .  Representatives ofthis genus 
are believed to have lived in the littoral or sublittoral zone 
attached to a hard substrate (Newell 1942, p. 39) . Stanley 
( 1972, p. 1 75) compared the morphology of Promytiluswith 
that of the Recent 'Modiolus' pule.x: which lives attached to 
rocky intertidal surfaces. Thus, 'Goniophora'  gymeri, and also 
the doselysimilar ' Goniophora' sp. l ,  may have had an epifau
nal mode of life (Fig. 24) .  

Thus, four modes of life are recognized for the modio
morphids studied: ( 1 )  epibyssate, that is, epifaunally with 
byssus threads attached to a firm substratum, (2) endo
byssate, semi-infaunally attached with a byssus, (3)  non-

byssate semi-infaunally buried, and (4) non-byssate infaun
ally, completely buried in the sediment, and possibly using 
siphons for respiration (Figs. 24-25) .  

Historical review 

One of the earliest records ofSilurian modiomorphids is that 
ofHisinger ( 1 827) .  He listed two species of the genus Mytilus 
Linnaeus (given, however, as Mytilites in his table on page 
323) ,  one ofwhich is Modiodonta gothlandica (Hisinger ) from 
the Wenlockian of Gotland, Sweden. Later, he (Hisinger 
183 1 a, b) referred to this species as Modiola gothlandica 
Hisinger and still later, in 1837, he changed the name to 
Modiola? nilssoni Hisinger. The valid name of this taxon is 
Modiodonta gothlandica (Hisinger ) ,  as discussed by Liljedahl 
( 1989, p. 3 1 3 ) .  No internal features of this species were 
recorded by Hisinger. 

In 1839 Sowerby described external features of the Wen
lockian species Modiola antiqua Sowerby and the Ludlovian 
Modiola? semisulcata Sowerby, and the interior of the Pri
dolian Goniophora cymbaeformis Sowerby, all from Britain. 

The German modiomorphids described by Goldfuss 
( 1836-1840) are difficult to evaluate, both systematically and 
stratigraphically. 

Portlock ( 1 843) described some British Silurian modio
morphids, viz. Mytilus cintus Portlock, My til us? semirugatus 
Portlock, Modiola brycei Portlock, Modiolopsis expansa Port
lock, Modiolopsis nerei (Miinster) ,  and Modiolopsis securi
formis Portlock. No internal characters were recorded. 

Phillips & Salter ( 1 848) considered Modiolopsis Hall to be 
a synonym of Mytilus Linnaeus and recorded the following 
species from the Silurian of Britain: Mytilus gradatus Salter, 
M. perovalis Salter, M. platyphyllus Salter, M. exasperatus 



FOSSILS AND STRATA 33 ( 1 994) 

Phillips, M. mytilimeris Conrad, M. chemungensis Conrad, 
and M.? ungiculatus Salter. No internal characters were given. 

In 1 853 Ribeiro & Sharpe reported Modiolopsis elegantulus 
Sharpe from the Silurian of Portugal. No internal features 
were recorded. 

From the Silurian of Britain McCoy ( 1 855) described 
Modiolopsis complanata (Sowerby) , Modiolopsis nilssoni 
(Hisinger) ,  Modiolopsis postlineata (McCoy) , Modiolopsis 
solenoides (Sowerby), and Orthonotus cymbaeformis (Sower
by) . Only external features were accounted for. 

Among the Silurian species from U.S.S.R. referred to as 
modiomorphids by Eichwald ( 1 860) , Modiolopsis decussata 
seems to belong to the genus Rhombopteria, Modiolopsis 
complanatais notfigured, and Mytilus uncinatusappears to be 
an ambonychiid. No internal features were observed. 

Barrande ( 1 88 1 )  figured 40 new modiomorphids from 
Bohemia. Seven of the species are Late Ordovician or Early 
Silurian in age, and 26 of Late Silurian or Early Devonian age 
(see KHZ & Pojeta 1974 and discussion in 'Early modio
morphid faunas' herein) .  Only 1 1  speeies are of certain 
Silurian age, viz. Modiolopsis concurs, M. involuta, M. pro
pinqua, M. pupa, M. rebellis, M. senilis, M. tenera, Goniophora 
phrygia, G. retrorsa, G. scalena, and G. zephyrina. Barrande's 
illustrations show the external appearances of the speeimens 
only. I have studied his types, and only a fraction of the 
specirnens exhibits hinge features. Most are impressions or 
internal moulds and badly preserved, and thus they are of 
little systematie value. 

From the Silurian of Australia, Chapman ( 1 908) described 
Modiolopsis melbournensis Chapman, M. complanata Sower
by, M. nasuta var. australis Chapman, Goniophora australis 
Chapman, and G. cf. glaucus Hall. No internal features were 
given. 

Williams ( 1 9 13)  described Modiolopsis leightoni Williams 
and M. leightoni var. quadrata Williams and also illustrated 
Eurymyella shaleri var. minor Williams, all from the Silurian 
of North Ameriea. No internal features were observed. 

The Silurian bivalves of Arisaig, Nova Scotia, were de
scribed thoroughly by McLearn ( 1 924) ,  but no hinge struc
tures of the modiomorphids were observed. The following 

speeies were induded: Modiolopsis haliburtoni McLearn, M. 
exilis Billings, M. rhomboidea Hall, M. rhomboidea var. eury
myellaformis McLearn, M. rhomboidea var. subnasuta (Hall) ,  
M. rossoniaMcLearn, M. latouriMcLearn, M. sp. ,  Goniophora 
consimilis Billings, G. medioeris Billings, G. laticostata Mc
Learn, G. transiens Billings, G. montsi McLearn, Cosmo
goniophora bellula (Billings ), G. bellulavar. elongataMcLearn, 
and Orthodesma? sp. 

Twenhofel ( 1927) described Modiolopsis miserTwenhofel 
from the Silurian ofAnticosti Island (Canada) without giving 
any internal characters. 

In 1927 Reed described the following speeies from the 
Silurian of Britain. Goniophora (Cosmogoniophora) decorata 
Reed, Modiolopsis (Colpomya) concors Reed (hinge de
scribed), and M.? solenoides (Sowerby) . 
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In 1939 Northrope described the external characteristics of 
Modiolopsis rhomboidea Hall, M. rhomboidea eurymyella
formis McLearn, M. cf. rhomboidea Hall, M. leightoni quad
rata Williams, M. exilis Billings, M. perla ta Hall, M. subcari
nata Hall, Goniophora consimilis Billings, and Eurymyella 
shaleri Williams, all from the Silurian of North Ameriea. 

Sherrard ( 1 959) described from the Silurian of Australia 
Modiolopsis elongata Sherrard and Cosmogoniophora sinuosa 
Sherrard. No hinge characters were accounted for. 

Liljedahl ( 1 984) described in detail the external and inter
nal features of Goniophora onyx Liljedahl from the Wen
lockian of Gotland, Sweden. In 1989 Liljedahl described the 
external and internal characteristics of Modiodonta gothland
ica (Hisinger, 1 83 1 ) .  

Thus, prior to the present paper, only three modiomor
phids of Silurian age were to my knowledge well knOWll in 
terms of the hinge, viz. Modiolopsis (Colpomya) concors Reed, 
Goniophora onyx Liljedahl, and Modiodonta gothlandica 
(Hisinger ) .  The remaining speeies were UnknOWll as to hinge 
features and accordingly difficult to evaluate systematically. 

Early modiomorphid faunas 

The oldest isofilibranch knOWll is FordilIa troyensis Barrande 
from the middle and late Early Cambrian (Atdabanian
Botomian) .  Among bivalves it is preceeded only by the nucu
loid progenitor Pojetaia runnegari, which appeared alreadyin 
the Tommotian (Runnegar & Bentley 1983, p. 76) . 

After the appearance ofthese early bivalves there is a general 
gap in the stratigraphical distribution of the dass until the 
Early Ordovician, when 'true' nuculoids and modiomorph
ids appeared (Pojeta & Runnegar 1985, p. 307) . 

The oldest bivalves referred to modiomorphid taxa seem to 
be Modiolopsis ramseyensis Hicks, 1 873, M. homfrayi Hicks, 
1 873, M. solvensis Hicks, 1 873, and M. cambriensis Hicks, 
1 873, from the Tremadoc of Wales (Hieks 1 873, Pl. 5 : 14--20) .  
Onlythe external features ofthese forms are knOWll, and their 
generic affiliations are therefore difficult to evaluate. How
ever, Modiolopsis ramseyensis resembles Xestoconcha kraciu
kae Pojeta & Gilbert-Tomlinson, 1977 from the Arenig of 

Australia, in which the hinge characters are knOWll. M. ram
seyensis may thus be a true modiomorphid. However, the 
shell shape of these two species is fairly common in bivalves 
and may be recognized in other groups as well (cf., e.g., the 
nuculoid Ctenodonta primaeva Beushausen, 1 895, Pl. 5:28 ) .  

Although its internal features are UnknOWll, Modiolopsis 
davyi Barrois, 1 89 1 ,  Pl. 3 :7  (also figured by Babin 1966, Pl. 
7: 13 )  from the Arenig of Franee may be one of the earliest 
representatives of the group. Xestoconcha kraciukae Pojeta & 
Gilbert-Tomlinson, 1977, and Colpantyx wolleyi Pojeta & 
Gilbert-Tomlinson, 1977, from the Arenig of Australia are the 
oldest species with certainty recognized as modiomorphids. 
From the Ordovician are reported about 40 modiomorphid 
genera induding more than 300 speeies (Vokes, 1980; Pojeta, 
1971 ) .  
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Prior to the present study the following generic names of 
Silurian modiomorphids have been used: Mytilus Linnaeus, 
1758, ModiolaLamarck, 1801 ,  ModiolopsisHall, 1847, Gonio
phora Phillips, 1848, Orthodesma Hall & Whitfield, 1 875, 
Colpomya Ulrich 1 893, Eurymyella Williams, 19 12, Cosmo
goniophoraMcLearn, 19 18, and ModiodontaLiljedahl, 1989b. 

About 45 Silurian species have been assigned to Modiolopsis 
(27 in Europe, l 3  in North America and 5 in Australia) .  Some 
additional 17  species assigned to this genus may be ofSilurian 
or entirelyOrdovician or Devonian age. This is due to the fact 
that Barrande ( 1 88 1 )  reported Modiolopsis from the sub
division d5 of etage D (in which subdivision fossils of Late 
Ordovician to Early Silurian occur) to e2 of etage D (in which 
fossils of Late Silurian to Early Devonian occur; see KHz & 
Pojeta 1974, p. 49 1 ,  table 1 ) .  Modiolopsis is a 'waste-paper 
basket' taxon for numerous modiomorphid-like forms (see, 
e.g., Pojeta 197 1 ,  p. 7, reporting some 163 species assigned to 
this genus ! ) ;  Modiola (e.g., in Hisinger 183 1a, Sowerby 1839) 
and Mytilus ( in Hisinger 1827) are used in the same way. 

About 1 3  species have been assigned to Goniophora [also a 
'waste-paper basket' genus (5 in Europe, 6 in North America 
and 2 in Australia) l and 12 additional species may be included 
in the European faunas (see discussion above on Barrande's 
stratigraphy concept) .  

One North American and one European species have been 
referred to the genera Cosmogoniophora (synonym of Gonio
phora) and Colpomya, and one species each to the genera 
Eyrymyella (North America) ,  Orthodesma (North America) ,  
and Modiodonta (Europe) . 

At present the following genera have been recognized in 
European Silurian deposits: Modiodonta, Colpomya, Cosmo
goniophora, Goniophora, Modiolopsis, Aleodonta, Mimero
donta, and Radiatodonta; in North American Silurian rocks 
Eurymyella, Orthodesma, Colpomya, Cosmogoniophora, Mo
diolopsis, and Goniophora; and in Australian rocks of corre
sponding age Modiolopsis and Goniophora. 

From the Silurian of Europe two species of North Ameri
can Devonian modiomorphids have been reported, viz. My ti
lus chemungensis Conrad and M. mytilimeris Conrad. From 
the Silurian of Australia are reported the European Silurian 
Modiolopsis complanata Sowerby, and the Devonian North 
American Goniophora cf. glaucus Hall. 

With the fact in mind that most determinations of Modio
lopsis and Goniophora have been made on external features 
alone, and accordingly these two names have been badly 
abused, a compilation like this may be oflittle value. Further
more, several of the modiomorphid taxa studied herein are 
difficult to determine as to generic affiliation, thus, systematic 
comparisons with taxa of other regions may be even more 
hazardous. 

Faunal affinities 

The different species studied occur in a wide range oflitholo
gies. For instance, the great morphological variation within 
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Goniophora may be explained as adaptations to a variety of 
distinctly different habitats. Fig. 24 shows the position of 
some of the Goniophora species in terms of their preferred 
habitats in a generalized shelf transect on Gotland during late 
Silurian time. 

Littoral or sublittoral environments are represented by the 
Burgsvik sandstones and oolites. Goniophora brageihas been 
recorded in both these rock types, while Goniophora alei has 
been found only in the oolites. Both these species are charac
terized by a small, broad shell which was attached with a 
byssus. Goniophora bragei thus could maintain a stable, semi
infaunallife position in such unstable, shifting environments. 

Fine-grained sediments, such as siltstones and marly lime
stones, are typical of back-reef or lagoon environments. In 
these we may find the medium -sized Goniophora brimeri, G. 
onyx, and G. acuta. G. onyxand G. brimeriexhibit similar shell 
morphology, and it is suggested that they were endobyssate, 
semi-infaunal dwellers in soft muds. In these protected low
energy environments they did not need a strong byssus to 
maintain a stable life position with more than half of the shell 
buried in the sediment. G. acuta, which has highly flattened 
shell in dorso-ventral direction, is interpreted to have been 
without byssus. Its flattened shell enabled it to maintain a 
stable position in a quiet environment. Its conspicuous shell 
sculpture of fine concentric threads and its additional pattern 
of radial riblets possibly had a stabilizing function. 

Goniophora tyri, which is also a medium-sized species, 
occurs in in siltstones and coarse-grained limestones, and has 
a shell form similar to that of G. onyx and G. brimeri. It is the 
only modiomorphid to exhibit a conspicuous shell pattern of 
undulating costellae. This sculpture possibly strengthened 
the shell, but it may also have been stabilizing in an environ
ment ofhigher water energy. 

'Goniophora' gymeri and ' G. ' sp. l have been found in fore
reef lithologies. They have large shells and are particularly 
characterized by their strongly reduced anterior lobe, which 

is almost absent in ' G. '  gymeri. The latter speeies also shows an 
indented ventral margin. Both speeies have a relatively high 
umbo with a strong umbonal shelf for the attachment of the 
anterior adductor muscle. They also have a highly expanded 
posterior part of the shell, all features typical of epifaunally 
attached mytilids of today. They seem to have been well 
adapted to the high-energy environments of the fore-reef, 
presumably attached to the reef itself or other hard surfaces. 

Fig. 25 shows a reconstruction of the life position of some 
of the remaining modiomorphids from the Burgsvik Beds of 
Gotland. 

The bivalve fauna at Mulde is highly diverse containing in 
addition to the four modiomorphids studied, eight nuculoids 
and about a dozen undescribed speeies of other bivalve 
families. Colpomya hugini and Aleodonta burei occur in great 
numbers and together with the protobranch nuculoid Nucu
loidea pinguis, they dominate this community. 

The original substratewas a softcarbonate mudmixedwith 
terrigenous clay. The abundance of protobranch bivalves, 
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gastropods, polychaeteworms, etc., suggests that itwas thixo
tropic or in a fluid state in its upper part (reworking of modern 
such sediments by burrowing organisms results in a soupy 
upper part of the substrate; see Rhoads & Young 1970) .  In 
such a physicallyunstable sediment there is, in addition to the 
danger of dogging, a significant problem for shell-bearing 
macrofaunal organisms to avoid sinking down into the toxic 
zone (Rhoads 1 970, p. 46 1 ) .  ane way of avoiding sinking is 
through rapid, effective burrowing (Rhoads 1 970; Thayer 
1975) .  Another is to have a more or less elongate shell, which 
can be embedded with the posterior end above the water
sediment interface (Thayer 1975) .  

All modiomorphids of the Mulde community show mus
cular impression patterns typical ofburrowing bivalves, and 
all but Aleodonta burei also have a shell shape indicating fairly 
effective burrowing capacity (Fig. 23: 1 ,  2, 6) .  They are all 
interpreted to have been semi-infaunal, byssally attached 
with their posterior part protruding well above the sediment 
surface (Figs. 38, 40, and 47). 

Stratigraphic distribution 

According to the literature, bivalves are often scarce in the 
Silurian sequences of Gotland (Hede 192 1 ,  1 925, 1927a, b, 
1940, 1960) and Scania (Gronwall 1897; Moberg & Gronwall 
1909; Hede 19 15 ) .  Reported bivalve diversity, however, may 
not necessarily reflect the actual diversity in Silurian biota. In 
the marls of Gotland, for instance, bivalves are seldom en
countered, owing to the fact that molluscan shells are prone 
to early diagenetic dissolution in these sediments. Molluscan 
fossils recorded in the marls are almost without exceptions 
preserved as internal moulds (steinkerns) .  Another conse
quence of this is that the hinge of bivalves will not be pre
served, and taxonomic identification must be based only on 
overall shape. In such cases the bivalves encountered are 
almost impossible to refer to any specific taxon, and bivalves 
are therefore unrepresented in faunal lists and other records. 

In the oolitic sediments of the Burgsvik Beds, on the other 
hand, molluscan and other carbonate structures are well 
preserved, probably because of oversaturation of calcium 
carbonate in the original environment. These sediments may 
show a truer picture of molluscan diversity than the mads. 

Bivalves (except for a few epifaunal species) are conspicu
ously lacking in those stratigraphical units representing reef 
building periods, i.e. Hogklint reefs, Slite reefs (Lower Slite 
Beds),  Lower Hemse Beds, Hamra Beds and Sundre Beds. 

Nuculoida 

Nuculoids are not common in the Silurian of Gotland and are 
mostly found in the mads. Generally they constitute an 
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insignificant part of the bivalve faunas, but occasionally they 
may dominate them totally, in number of individuals as well 
as in number of species (e.g., the Mollbos fauna). 

The comparatively high diversity of nuculoids in the M ulde 
Beds at Djupvik and at the former Mulde brickyard (Mulde 
tegelbruk) may be due to intensive collecting during a whole 
century. These localities are possiblysome of the most prolific 
Silurian fossil localities known. 

The conspicuously high diversity of nuculoids recorded in 
the Halla Beds at Mollbos, probably redflects a true abun
dance in a fine-grained sediment with a high organic content 
(Liljedahl 1 985) .  

With a few exceptions, nuculoids, being soft bottom dwell
ers, are missing from those stratigraphical units representing 
reef-building events, i.e. Hogklint reefs, Slite reefs (Lower 
Slite Beds), Lower Hemse Beds, Hamra Beds and Sundre Beds 
(cf. Eriksson & Laufeld 1978, Fig. 16) .  

The stratigraphical occurrences of the nuculoid species on 
Gotland are diagrammatically presented in Fig. 26. 

Lower Visby Beds. - The lowermost unit of the Gotland 
sequence exposed on land, the Lower Visby Beds, has so far 
only yielded one nuculoid species, viz. Nuculodonta got
landica. The specimens, mostlyinternalmoulds, are generally 
badly preserved. However, one limonitic specimen retains 
the external shell characteristics (Fig. 28P) ,  and a few internal 
moulds show distinctive features sufficient for identification 
(28B) .  

Upper Visby Beds. - The Upper Visby Beds have yielded two 
nuculoid species, Tancrediopsis gotlandiea and Nuculoidea 
pinguis, both having the same stratigraphical distribution 
reaching up into the Mulde Beds. 

Hogklint Beds. - In the Hogklint Beds only one nuculoid 
species has been recovered, Nuculodonta gotlandica. 

ToftaBeds. - No nuculoids have been foundin the Tofta Beds. 
This unit is generally characterized by extremely shallow
water sediments (Hede 1940, p. 43) and lack of macrofossils. 

Slite Beds. - The Slite Beds have produced two species of the 
genus Tancrediopsis: T. gotlandica and T. solituda, and also 
Nuculoidea pinguis. This unit also contains a large size variety 
of Nuculoidearesembling both N. lensand N. pinguis. As these 
specimens are preserved only as steinkerns, they cannot with 
certainty be assigned to any species and are therefore not 
induded in the diagram of Fig. 26. 

Halla Beds. - The Halla Beds contain a nuculoid fauna con
sisting of five species: Nuculodonta gotlandiea, Palaeostraba 
baltiea, Nuculoidea lens, Nuculoidea sp. A, and Caesariella 
lindensis. Two of these, Palaeostraba baltica and Nuculoidea 
sp. A, have only been found in this unit, whereas the occur
rence of Nuculodonta gotlandiea marks the end of its strati
graphical range, and Caesariella lindensis and Nuculoidea lens 
make their first appearance at this level. 
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Fig. 26. Stratigraphical distribution of the Silurian Nuculoida of Gotland. Conodont zonation after L. Jeppsson, v. Viira and P. Mannik (unpublished). 

Mulde Beds. - The nuculoid fauna from the Mulde Beds is by 
far the richest found on Gotland, containing eight speeies: 
Tancrediopsis gotlandiea, T. solituda, Nuculoidea pinguis, 
Similodonta djupvikensis, Praenucula Jaba, Ekstadia tricari
nata, Ekstadia kellyi and 'Nuculana' sp. A. Three of these, 
Tancrediopsis gotlandiea, Tancrediopsis solituda and Nuculo
idea pinguis, have not been found in younger units, while the 
range of Ekstadia kellyi continues up into the Hemse Beds. 
The remaining forms have only been found in the Mulde 
Beds. 

Klinteberg Beds. - The Klinteberg Beds have not yielded any 
nuculoid speeies. 

Hemse Beds. - Four nuculoid speeies have been recorded 
from the Hemse Beds: Caesariella lindensis, Nuculoidea lens, 
Ekstadia kellyi and Nuculites sp. A. Of these only Nuculites 
sp. A has been found in this unit alone, whereas the occur
rences of Ekstadia kellyi and Caesariella lindensis constitute 
their final appearances in the sequence. The range of Nuculo
idea lens continues into the Hamra Beds. 

Burgsvik Beds. - The next younger unit to contain nuculoids 
is the Burgsvik Beds, where five speeies have been recorded: 
Nuculites solida, N. sp. B, 'Nuculana' oolitica, Ledopsis burgs
vikensis and Nuculoidea burgsvikensis. They were all isolated 
from coarse sediments such as sandstone, sand, and oolitic 
limestones. 

Hamra and Sundre Beds. - The Hamra and Sundre Beds 
mainly represent reef-forming events, and no nuculoids have 
been found so far. 

Modiomorphidae 

The Modiomorphidae comprise almost � of the estimated 
total number ofbivalve speeies from the Silurian of Sweden 
(about 100) .  Theyoeeur in 7 of the 1 3  Gotland units and in the 
uppermost 2 of the 5 Silurian units in Seania. The oldest 
oeeurrenee is either in the Llandoverian or in the Wenloekian 
part of the Visby marl on Gotland, and the youngest is in the 
Pridolian Oved Sandstone in Seania. 



FOSSILS AND STRATA 33 ( 1 994) 

Ser. Stag es G raptol ites Conodonts Scania 
...: 

a.. 

;: O 
"O :J 
.....J ------c 

c �� et! C o � "i:: o � [lJ �  o CJ C: 
.8 c  

H. s. n .sP. Jeppsson 1 975 
O. s. crispa 

O. s. crispa 

M. fritschi linearis 
P. equicostatus 

B. bohemicus tenuis P. dubius 
M. /eintwardensis P. siluricus 

A. p/oeckensis 
K. variabilis 

Oved Sst. 

c o 
'g E Bjårsjb� lagård 

� Bjårsjb 
� Biiir 

unnarn 

M. chimaera K. variabilis Colon us 
A. all. p/oeckensis Shale 

f--+....L[jJ--=.�4 M. nilssoni 

M. vu/garis/ 
O. s. bohemica 

Gotland 

Sundre 

Hamra 

Burgsvik 

Eke 

Hemse 

Kl inteberg M. gerhardi 

M. praedeubeli 
O. s. densidentata 1---1---;-;--,-,-1 
O. s. bohemica _________ Mulde 

Hal l� 

� () O 
C Q) 
S 

c et! 
.� E o 
I 

c et! iS o o � c 'Qi .r::. 
Cf) 

M. dubius/R. nassa 
M. dubius parvus 

M. testis C. radians 

C. rigidus 

M. be/ophorus 

M. antennu/aris 

M. riccartonensis 

C. murchisoni 
1--+--, -=c4 M. spira/is 

� 1-'5 

K. absidata 

O. s. sagitta 
K. absidata 

K. walliseri 

K. partu/a 

K. walliseri 
O. sagitta/O. hadrc Cyrto

g raptus 
O. s. rhenana Shale 

O. hadra 
O. all. confluens 

P. amorpho
gnathoides 

Sl ite 

Tofta 

Hbgkl int 

U .  Visby 

L. Visby 

Silurian bivalves from Sweden 27 

Fig. 27. Stratigraphical distribution of the Silurian Modiomorphidae ofSweden. Conodont zonation after L. jeppsson, V. Viira and P.  Mannik (unpublished) . 

The stratigraphical occurrence of the Modiomorphidae is 
diagrammatically presented in Fig. 27. 

Visby Beds. - The lowermost units of the Gotland sequence, 
the Lower and Upper Visby Beds, have only yielded one 
modiomorphid speeies, viz. Goniophora brimeri, which is 
represented by two articulated internal casts. The exact strati
graphical location of the collection is unknown, and thus it 
cannot be established if they originate from the Lower or 
Upper Visby Beds. G. brimeri has by far the longest strati
graphical range of the modiomorphids studied, in that it 
ranges into the Whitcliffian Klinta Formation in Scania. 

Hogklint Beds. - Pojeta ( 1979, p. 1 10, Fig. 33) recorded Gonio
phora sp. a and Modiomorphidae? sp. from the Hogklint Beds 
of the Vattenfallet section on Gotland. His speeimens are 
badly preserved and cannot be assigned to any of the speeies 
studied, none of which have been found in this unit. 

Tofta Beds. - No modiomorphids have been found in this 
unit. The Tofta Beds are commonly remarkably poor in 

macrofossils (Hede 192 1 ,  p. 37) . The sediments ofthis unit are 
indicative of extreme shallow-water conditions (Hede 1940, 
p. 43) .  

Slite Beds. - Four modiomorphid speeies have been recog
nized in the Slite Beds, viz. Modiodonta gothlandica, Gonio
phora brimeri, G. acuta, and 'Goniophora' gymeri. The first 
three were isolated from fine-grained, marly sediments that 
probably represent low energy environments, while 'Gonio
phora' gymeri was found in a coarse bioclastic limestone, 
which appears to have been deposited in high -energy envi
ronments. 

The occurrence of Modiodonta gothlandicain the Slite Beds 
represents its earliest appearance. It ranges into the Mulde 
Beds. Also Goniophora acuta has its first appearance in the 
Slite Beds, and it ranges as high as the Ludlovian Klinta 
Formation in Scania. 'Goniophora' gymeri is the only species 
restricted to the Slite Beds. All these speeies are represented by 
a single speeimen each in the Slite Beds. 
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HallaBeds. - Goniophora onyxappears for the firsttime in this 
unit. In the silicified fauna ofMollbos l (LiljedahI 1983, 1984, 
1985, 1986), this speeies is the best preserved of all modio
morphids recorded in Sweden, and accordingly it is the best 
known morphologically (42 speeimens ). Modiolopsis alvae is 
the second modiomorphid species known from well pre
served silicified specimens and is represented by about a 
dozen speeimens. The range of G. onyx reaches up to the 
Hemse Beds, while that of M. alvaeextends up to the Burgsvik 
Beds. 

Mulde Beds. - Four modiomorphid species have been re
ported from the Mulde Beds. The occurrence of Modiodonta 
gothlandica marks the upper end of its stratigraphical range. 
It is a member of a fauna offour modiomorphid speeies, three 
of which make their only appearance in this unit, viz. ? Colpo
mya balderi, Colpomya hugini, and Aleodonta burei. Modio
don ta gothlandica is represented by 18 speeimens, ?Colpomya 
balderi by 2, and Colpomya hugini and Aleodonta burei by 
hundreds of specimens each. 

Klinteberg Beds. - The Klinteberg Beds have yielded two 
modiomorphid speeies, both of which have long strati
graphie ranges: Modiolopsis alvae, which ranges from the 
Halla Beds to the Burgsvik Beds, and ?Colpomya vaki, which 
ranges up to the Pridolian Oved Sandstone in Scania. 

? Colpomya vaki is represented by about 20 speeimens in the 
Gotland Klinteberg Beds, and about 30 speeimens in the 
Oved Sandstone at Helvetesgraven in Scania. 

Hemse Beds. - In the Hemse Beds seven modiomorphid 
speeies have been recorded. The occurrence of Goniophora 
onyx, which is represented by only a single speeimen in this 
unit, constitutes its final appearance in the Gotland sequence, 
while Modiolopsis alvae continues up into the Burgsvik Beds. 
Goniophora brimeri and Goniophora acuta reach the Klinta 
Formation. Goniophora acuta is also represented by only a 
single speeimen in the Hemse Beds. Mimerodonta atlei (20 
speeimens) and Goniophora tyri (9 speeimens) are the only 
speeies restricted to the Hemse Beds. The only known speci
men of Colpomya munini from this unit is questionably 
referred to this taxon, which in its final appearance in the 
Burgsvik Beds is represented by about 20 speeimens. 

Eke Beds. - No modiomorphids have been found in this unit. 

Burgsvik Beds. - The Burgsvik Beds contain the highest diver
sity of modiomorphids in the Gotland sequence, a total of 1 2  
speeies. For Modiolopsis alvaeand Colpomya muninithis is the 
youngest record, while the rest of the Burgsvik modio
morphids are found exclusively in this unit. These include 
?Colpomya heimeri, ?c. ranae, ?c. audae, ?c. lokei, ?c. friggi, 
?c. sp. 1 .  Mimerodonta njordi, Radiatodonta sp. l ,  R. sp. 2, 
and Goniophora bragei. The specimens of Radiatodontaare by 
far the largest of all modiomorphids, and the two speeies of 
this genus are represented by onlya single specimen each. Fig. 
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25 shows a reconstruction of some of the members of the 
bivalve faunas of the Burgsvik Beds. 

Hamra and Sundre Beds. - The Hamra and Sundre Beds 
represent reef building periods. In such sediments bivalves 
are, as a whole, laeking on Gotland. No modiomorphids have 
been reported from these beds. 

Klinta Formation. - In the Klinta Formation of Scania the 
following modiomorphids have been recorded: Goniophora 
brimeri, which is represented by a few speeimens only; G. 
acutawhich is known from two articulated specimens, one of 
which occurs in situ in suggested life position (Fig. 54H) .  

Oved Sandstone. - The Oved Sandstone at  Helvetesgraven in 
Scania contains numerous articulated speeimens of ?Colpo
mya vaki. This species ranges from the Klinteberg Beds in the 
Gotland sequence, and the occurrence in Scania marks the 
upper end of its range as well as the top of the range of the 
Modiomorphidae in Sweden. 

Classification 

Nuculoida 

Nuculoid suprageneric classification has been diseussed by 
various authors (e.g., Pelseneer 1 89 1 ;  Dall 19 13; Douville 
19 13; Cox 1960; Newe1l 1969; McAlester 1969) . 

Classification in this paper follows that ofNewell ( 1 969) in 
general. However, some speeies do not fit into this classifica
tion, i.e. they exhibit morphological characteristics typical of 
more than one superfamily (see Liljedahl 1983, p. 3 1 ) .  Some 
have features which do not correspond to the diagnosis of the 
different higher taxa-groups as they now stand (see, e.g., 
discussion on Similodonta and Nuculodonta) . 

Recently Pojeta ( 1 988) suggested that some genera, previ
ously considered to be nuculoids and (by McAlester 1969) 
placed in the family Ctenodontidae, are actually solemyids. 
The remaining genera of the Ctenodontidae, including the 
type genus CtenodontaSalter, 1852, fit fairlywell the diagnosis 
of the superfamily N uculanacea (as proposed by McAlester 
1969, pp. N23 1-235) .  Consequently, the superfamily Cteno
dontacea (containingthe family Ctenodontidae only) may be 
superfluous (Pojeta 1988, p. 2 1 1 ) .  

Modiomorphidae 

Bivalves referred to as 'modiomorphids' constitute an aggre
gate of species with roughly the same external shell morphol
ogy. The classification of many such taxa is uncertain, owing 
to lack ofknowledge of the internal features. 

The systematie position and evolutionary role of the whole 
gro up have long been controversial. Some have suggested 
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that the gro up is related to carditaceans (Newell 1957; Bailey 
1983),  to the actinodonts (Douville 19 13; Newell 1965), to the 
mytilaceans (Soot-Ryen 1955; Cox 1960; Pojeta 197 1 ;  Stanley 
1972) ,  or possibly to the crassatellacean (Bailey 1983) .  

However, Pojeta et al. ( 1 986) clarified that the similarity of 
Modiomorpha Hall & Whitfield (type genus of Modiomor
phidae) to mytilaceans, and its lack of lateral teeth, indicate 
that it is not closely related to Carditacea and Crassatellacea. 
Instead, Pojeta ( 197l )  suggested that early Palaeozoicmoruo
morphids are ancestral mytilaceans and proposed that these 
be grouped together in the subclass lsofilibranchia. 

Members of the lsofilibranchia, as defined by Pojeta & 
Gilbert-Tomlinson ( 1 977), are characterized as 'equivalved, 
inequilateral byssate bivalves with opisthodetic elongate liga
ment, hinge edentulous or with dysodont teeth, anisomyar-
. , lan . 

Although some of the modiomorphids studied here differ 
from the diagnosis given for the subclass (e.g., Colpomya 
hugini and Aleodonta burei are slightly inequivalved and have 
comparatively large and robusthinge teeth, and some species, 
such as Goniophora acuta and ?Colpomya ranae, are consid
ered byssate) they are placed in the subclass lsofilibranchia 
with formal redefinition herein. 

Pojeta ( 1 985, p. 105, Fig. 2) considered the stem ofPalaeo
zoic Isofilibranchia to consist of the family Modiomorphidae 
(extinct in the late Palaeozoic), from which branched off the 
family Colpomyidae (extinct in the Late Ordovician) ,  the 
family Orthonotidae (which possibly evolved into the Solen
acea), the Recent family Mytilidae, and the superfamily Phol
adomyacea (which possibly evolved into the Anomalodes
mata). 

I propose the new subfamily Modiomorphinae, with the 
type genus Modiomorpha Hall, to contain species with hinge 
teeth, and the new subfamily Modiolopsinae, with the type 
genus Modiolopsis Hall, to contain species lackinghinge teeth. 
R.C Frey (unpublished) suggested the establishment of the 
Modiolopsinae, to include the edentulous forms of the fam
ily. The hypothetical phylogeny of the Modiomorphidae is 
presented in Fig. 36. 

Systematie palaeontology 

Class Bivalvia Linnaeus, 1 758 

Subclass Palaeotaxodonta Korobkov, 
1954 

Order Nuculoida Dall, 1 889 

Superfamily Nuculacea Gray, 1 824 

Diagnosis (McAlester 1969, p. N229) .  - Truncate posterior 
extremity, pallial sinus laeking, resilifer present or absent. 

Silurian bivalves from Sweden 29 

Family Praenuculidae McAlester, 1969 

Diagnosis (McAlester 1969, p. N229) .  - External ligament, 
resilifer absent. 

Genus Nuculodonta Liljedahl, 1983 

Type and only speeies. - Nuculodonta gotlandiea Liljedahl, 
1983. 

Diagnosis. - Praenuculid with umbones in posterior half of 
shell, slightly prosogyrate beaks, lun ule and escutcheon well 
defined, conspicuous external ligament posterior to umbo, 
two series of hinge teeth interrupted by a non-denticulate 
resilifer-like structure . 

Remark. - Although Nuculodonta gotlandiea exhibits a resili
fer-like structure, indicating the presenee of an additional 
internal part of the ligament, this taxon is placed in the family 
Praenuculidae in spite of the diagnosis given above. 

Nuculodonta gotlandiea Liljedahl, 1983 
Figs. 7, 1 1 : 1 , 1 2 : 1 , 15 , 26, 28 

Synonymy. - 0 1 964 Ctenodonta sp. A - Soot-Ryen, p. 47, Pl. 
2: l. 0 1 983 Nuculodonta gotlandiea n.sp. - Liljedahl, pp. 33-
47, Figs. 10-18 .  0 1984a Nuculodonta gotlandiea Liljedahl 
Liljedahl, pp. 6-12,  Figs. 1-5. O 1984b Nuculodonta gotlandiea 
Liljedahl - Liljedahl, pp. 54--57, 60-61 ,  64, Figs. 1-7. 0 1984c 
Nuculodonta gotlandiea Liljedahl - Liljedahl, pp. 2, 7-8, 1 8-
20, Fig. 1 .  0 1 986 Nuculodonta gotlandiea Liljedahl - Lilje
dahl, Figs. l, 3, 5. 

Holotype. - SGU Type 1056, a left valve, Fig. 28M. 

Type stratum. - Halla Beds, Late Wenlockian. 

Type loeality. - Mollbos l ,  Gotland. 

Material. - Approximately 300 silicified speeimens and 20 
badly preserved steinkerns. 

Diagnosis. - Nuculoid with the umbones in posterior half of 
shell, beaks slightly prosogyrate, lunule and escutcheon well 
defined, conspicuous opisthodetic external ligament; two 
series of hinge teeth interrupted by a non-denticulate resili
fer-like structure. 

For a more detailed description, see Liljedahl ( 1983 ) .  

Remarks. - Nuculodonta gotlandiea has an external ligament 
on the short side of the valve, thus considered the posterior 
one. The configuration of the museular impressions of the 
foot and its accessory muscles, and also a ridge possibly 
indicating the position of gill attachment muscles, support 
the orientation proposed. Moreover, the region of maximum 
opening of the valves of this speeies, being in the long part of 
the valve, agrees with this orientation. 
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In lateral outline the shell is anteriorly expanded (Fig. 28Q) . 
Shell shape may vary considerably (Fig. 28L, N).  The lunule 
and escutcheon are generally well preserved in the silicified 
material (Fig. 280), whereas in moulds of other material they 
are hardly visible (Fig. 28P). The extemal opisthodetic liga
ment is conspicuous (Fig. 28D, F, K, Q), whereas the internal 
part is delicate and seldom preserved (Fig. 28J) . 

The anterior hinge plate is longer than the anterior one in 
adults and carries teeth that are lower and narrower than 
those of the anterior plate (Fig. 28E, I, M).  One of the largest 
speeimens ( 1 5 .3 mm long) has about 20 teeth in the anterior 
hinge plate and about 1 3  in the posterior one (cf. Liljedahl 
1983, p. 36, Fig. 12) .  

In the material of Nuculodonta gotlandiea, 8 different mus
cular impressions have been recorded (Fig. 7a) . The pertinent 
soft-part reconstruction is shown in Fig. 7b (see further 
discussion in 'Morphology of the nuculoid shell' ) .  

Most silicified valves show a conspicuous anterior adduc
tor muscle scar (Fig. 281, N, M)) ,  while the less impressed 
posterior adductor muscle scar is not commonly preserved 
(Fig. 28E, M-N) ) .  Traces of accessory muscles are rare, but in 
some speeimens they are evident. The largest of these scars is 
that of the posterior pedal retractor muscle (No. 3 in Fig. 7a; 
Fig. 28E) and the second largest that of the anterior pedal 

Fig. 28. Nuculodonta gotlandica Liljedahl, 1 983. DA. External view showing 
old shell fracture and also deformed margin caused by damage to mantle 
which recovered and eventually produced a normal shell margin. SGU 
Type 1 884, x4.8, sample G78-2LL. DB. Internal mould of right valve 
showing hinge dentition. RMMo 1 5777, x2.9, Lower Visby Beds, Visby. 
De. Blister pearl (oldest known bivalve pearl, at arrow) dose to adductor 
musde scar. SGU Type 3950, x5.0, sample G79- 1 1 5Lj. OD. Dorsal view of 
articulated specimen showing deep comarginal furrows caused by periods 
of retarded growth, same specimen as F ,  SGU Type 1 194/95, sample G78-
ILL. DE. Antero-ventral view exhibiting posterior adductor musde scar 
(aa), visceral attachment musde scar (v) , and posterior pedal retractor 
musde scar (pr; cf Fig. 7) .  x4.0, sample G79-82LJ. OF. Posterior view of 
same specimen as D, x4.2. OG. Tumour caused by commensal dose to 
posterior adductor muscle scar, SGU Type 1030, x5.4, sample G78-2LL. 
OH. A right valve with evident comarginal growth stops and thin growth 
lines. SGU Type 999, x4.3, sample G78- 1LL. DI. Postero-ventral view of 
right valve showing anterior adductor musde scar (aa), anterior pedal 
protractor musde scar (ap) ,  anterior pedal retractor musde scar (ar) , and 
visceral attachment muscle scars (v; cf. Fig. 7) ,  same specimen as E, x4.0. 
DJ. Lateral view of right valve showing detail of hinge with resilifer-like 
structure below the beak, SGU Type 1 026, X 1 3 .0, sample G78-2LL. DK. 
Posterior view of articulated specimen, SGU Type 1060/6 1 ,  x4.0, sample 
G77-28LJ, DL. Lateral view of right valve, SGU Type 1000. x3.6, sample 
G78- 1 LL. DM. Lateral view ofholotype (Ieft valve) ,  SGU Type 1056, x3.9, 
sample G77 -29LJ, ON. Lateral view of right valve showing ridge in poste
rior part of the shell, possibly being the site of gill suspensory muscles (cf. 
Fig. 7) ,  SGU Type l l98, x5.0, sample G77-29LJ, DO. Dorsal view of 
articulated specimen, anterior to the right, SGU Type 2 167/68, sample 
G79-79LJ. DP. Dorsal view of articulated specimen, anterior to the right, 
RMMo 1 5779, x3. 1 ,  Lower Visby Beds at Visby. DQ. Lateral view of left 
valve, SGU Type 1 036, x4.4, sample G78-2LL. All specimens, except for B 
and P, are from the Halla Beds ofMtillbos l .  All specimens, except for B and 
P, are silicified; B is an internal mould of mari, and P is preserved as a red
stained iron compound. All are photographs, except for J, which is a 
scanning electron micrograph. 

Silurian bivalves from Sweden 3 1  

retractor muscle (No. 4 in Fig. 7a; Fig. 281) .  The impression of 
the anterior pedal protractor muscle is also usually evident 
(No. 5 in Fig. 7a; Fig. 281) .  Rarely, a ridge extending anteriorly 
from the posterior adductor muscle scar is present (Fig. 28N) . 
This is assumed to be the site of gill attachment muscles (Fig. 
7b) .  

Regular extemal growth lines are generally visible (Fig. 
28A, H, Q).  Periods of slow growth are recorded in some 
speeimens as comarginal bands on the shell sculpture (Fig. 
28D, F, H; see also discussion below) . 

Occurrence. - Late Llandoverian Lower Visby Beds at 
Norderstrand, Early Wenlockian Upper Visby Beds at Visby, 
and Late Wenlockian Halla Beds at Mollbos I ,  Gotland. 

Genus Ledopsis Beushausen, 1 884 

Type speeies. - Ledopsis rectangularis Beushausen, 1884 

Ledopsis burgsvikensis (Soot -Ryen, 1964) 
Figs. 1 1 :2, 14: 1 ,  15 , 26, 29E-G 

Original combination. - Ctenodonta burgsvikensis Soot -Ryen, 
1964, p. 496. 

Holotype. - RMMo 1 50273, Fig. 29E-F. 

Type stratum. - Burgsvik oolite, Burgsvik Beds, Late 
Ludlovian. 

Type locality. - Burgsvik, Gotland. 

Material. - Four specimens, single valves, shells preserved as 
recrystallized calcite. 

Diagnosis. - Nuculoid shell with expanded posterior end, 
beaks prosogyrate, evident umbonal ridges; large anterior 
hinge teeth, smaller posterior ones, tooth row continuous 
below beak; no resilifer. 

Description. - Shell small, subtriangular, moderately inflated, 
posterior end protruding, tapering, posterior margin form
ing a conspicuous acute angle; beaks prosogyrate, posterior 
umbonal ridge reaching to postero-ventral angle; no lunule; 
no escutcheon; hinge containing anterior and posterior chev
ron-shaped teeth with apices towards beak, anterior ones 
large and robust, posterior ones small, continuous below 
beak, proximal one almost lamellar; no bifurcating teeth; no 
resilifer; no further internal features observed; extemal opis
thodetic ligament. 

Remarks. - Ledopsis burgsvikensis has an extemal ligament on 
the long side of the valve thus considered to be posterior. 

Dimensions of holotype. - Length = 1 1 .5 mm, height 
8.3 mm, width = 3.3 mm (single valve) ,  HIL = 0.72, W/L = 

0.29 (both valves = 0.57) . 



32 LouisLiljedahl FOSSILS AND STRATA 33 ( 1994) 

Fig. 29. A-D Praenucula jaba n.sp. from the Mulde Beds at Djupvik. DA. Hinge ofholotype (left valve) ,  LO 6264T, x7. l .  DB. Lateral view ofholotype, x3.9. 
De. Lateral view of right valve of articulated specimen, RMMo 2 1 959, x3.8 .  OD. Dorsal view of same specimen as C, (anterior to the right),  x3.6. DE-G. 
Ledopsis burgsvikensis (Soot-Ryen 1964) from the Burgsvik Beds at Burgsvik. DE. Lateral view ofholotype (left valve) ,  RMMo 1 50273, x3.0. OF. Hinge of 
holotype, x4.8 (note ligamental groove at arrow). OG. Lateral view of right valve, RMMo 1 50383, x2.8. DH-I Similodonta djupvikensisSoot-Ryen 1 964 from 
the Mulde Beds at Djupvik. OH. Dorsal view ofholotype, RMMo 2 1 934, note ligamental nymphs (at arrow; anterior to the right) ,  x4.0. DI. Lateral view of 
holotype, right valve, x4.2. All specimens preserved as calcium carbonate shells. 

Discussion. - In spite ofhaving a truncate anterior extremity 
(contraryto the diagnosis ofN uculacea) ,  Ledopsis burgsviken
sisis placed in the Praenuculidae of the Nuculacea, because of 
its external ligament and continuous series of hinge teeth. 
Soot-Ryen ( 1964, p. 497) considered the longer end to be 
anterior. However, the hinge plate situated in the short end of 
the shell contains larger teeth than that in the longer end of the 
shell, indicating that the short end is anterior (See Bradshaw 
197 1 ) .  Furthermore, the furrow along the dorsal margin of 
the longer end of the shell (Fig. 29F) is interpreted as a groove 
for the reception of an external ligament, in analogy with 
living nuculids. Accordingly, this species is suggested to have 
had truncated anterior extremity, thus fitting the diagnosis of 
Ledopsis. 

Occurrence. - Ludlovian Burgsvik Beds at the type locality. 

Genus Similodonta 500t-Ryen, 1964 

Type speeies. - Tellinomya similis Ulrich, 1 892. 

Discussion. - Although the standard diagnosis of the super
family Nuculacea states 'truncate posterior extremity' 
(Newell 1969, p. N229) ,  Similodonta, in spite ofbeing equilat
eral, is placed in the family Praenuculidae within the Nucu
lacea. This is because the hinge consists of two equal series of 
teeth, continuous below the beak, and lacks resilifer) . 

Similodonta djupvikensis 500t -Ryen, 1964 
Figs. l l :3 ,  13 :2 ,  15 , 26, 29H-I 

Holotype. - RMMo 2 1934, Fig. 29H-I. 



FOSSILS AND STRATA 33 ( 1 994) 

Type stratum. - Mulde Beds, Homerian, Wenlockian. 

Type loeality. - Djupvik, Gotland. 

Material. - Onlythe holotype available at the time ofrevision. 
The remaining material described by Soot -Ryen has not been 
located. 

Diagnosis. - Small, subtriangular, height almost equal to 
length, umbones prominent, beaks small, prosogyrate; no 
lun ule, no escutcheon; long, narrow opisthodetic external 
ligament; teeth continuous below beak. 

For a detailed description, see Soot-Ryen 1964, p. 498. 

Remarks. - The beaks point away from the side on which an 
external ligament is situated. Thus the shell is prosogyrous. 

Dimensions oJ holotype. - Length = 10.6 mm, height = 
10.4 mm, width = 5. 1 mm (both valves) ,  HIL = 0.98. W/L = 
0.48 (both valves) .  

Occurrence. - Wenlockian Mulde Beds at the type locality. 

Genus Praenucula Pfab, 1934 

Diagnosis. - (Translated from German) General shell shape 
Nucula or Ctenodonta-like, integripalliate, below beak be
tween two thick protuberances a furrow, open dorsally and 
ventrally, interpreted as a possible primitive resilifer; outer 
ligament always dose to internal part; hinge-type III (all teeth 
chevron-shaped, with their apices towards beak) . 

Type speeies. - Praenucula expansa Pfab, 1934 

Praenucula Jaba n.sp. 
Figs. 1 1 :4, 1 3 :8, 15 , 26, 29A-D 

Derivation oJname. - From Latin Jabameaning bean. Already 
in the middle of the last century Lindstrbm sorted out and 
labelled speeimens of this species which he called Ctenodonta 
Jaba. These were later induded in the collections of Nuculo
idea pinguis pinguis studied by Soot-Ryen ( 1 964) .  

Holotype. - A left valve, LO 6264, L = 12 .2  mm, H = 9 .8  mm. 
HIL = 0.80, Fig. 29A-B. 

Type stratum. - Mulde Beds, Homerian, Wenlockian. 

Type loeality. - Djupvik l, Gotland. 

Diagnosis. - Shell small, subcircular, anterior end expanded, 
beaks inconspicuous, prosogyrate, distinet anterior umbonal 
ridge, teeth continuous below beak, posterior teeth more 
numerous than anterior ones. 

Material. - About 50 articulated speeimens and one single 
valve with shells preserved as recrystallized calcite. Nine 
measured specimens have an average height/length ratio of 
0.8 1 ,  width (both valves)/length ratio of 0.44. 

Silurian bivalves from Sweden 33 

Description. - Shell medium-sized, subcircular, equivalve, 
inequilateral, compressed, anterior part protruding, margins 
even, parivincular opisthodetic ligament; shell surface 
smooth with faint concentric growth lines, sometimes with 
evident growth increment stops; beaks small, dose together, 
prosogyrate, in posterior half of shell; maxirnum convexity 
about midway along shell and slightly above mid height of 
shell; lunule circumscribed; no escutcheon; conspicuous an
terior umbonal keel, anterior margin well rounded, narrow; 
posterior margin well rounded; ventral margin convex; dor
sal margin with conspicuously raised edges; hinge line con
vex; anterior hinge plate broad, containing in holotype (L = 
12.2 mm) approximately 9 chevron-shaped teeth, apices to
wards beak; posterior hinge plate narrow, in holotype con
taining about 25 lamellar teeth, the most proximal ones 
chevron-shaped; hinge plates forming a continuous series 
below beak; no resilifer; hinge angle approximately 140°; no 
further internal features observed. 

Remarks. -Theshort side ofthevalvehas an externalligament 
and a hinge plate with smaller and lower teeth than the other 
side, which suggests the short side to be posterior. 

Comparisons. - Praenucula Jaba has a more circular lateral 
outline and a less conspicuous umbo than the type species of 
the genus, P. expansa Pfab, 1934, Fig. 3: 10-1 1 .  

Remark on  systematie position. - The hinge of  Praenucula was 
dassified as hinge type III by pfab ( 1 934, p. 234) , viz. both 
anterior and posterior hinge teeth are chevron-shaped with 
their apices towards the beak (pfab 1934, p. 203 ) .  Although 
most of the posterior teeth of Praenucula Jaba are lamellar , the 
proximalmost ones are chevron-shaped like those on the 
anterior hinge plate. Thus its hinge agrees fairlywell with that 
of Praenucula given in the diagnosis. 

Occurrence. - Wenlockian (Homerian) Mulde Beds at Djup
vik, Mulde former brickyard and Gandarve, Gotland. All 
speeimens isolated from marIs. 

Family Nuculidae Gray, 1 824 

Diagnosis. - (McAlester 1969) . - Shell material nacreous, 
beaks opisthogyrate, ligament predominantly internal (see 
Owen 1959), resilifer present. 

Genus Nuculoidea Williams & 
Breger, 1916  

Type speeies. - Cucullea opima Hall, 1 843 (synonymy Nucula 
randalli Hall, 1 869) .  

Remarks. -Williams & Breger ( 1 9 16, p. 1 73)  proposed Nucu
loidea as a new subgenus of Nucula Lamarek, characterized by 
the presenee of a resilifer and the absenee of a pectinate 
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internal margin. They included shells with variable outline 
and with orthogyrate to slightly prosogyrate umbos (Nueu
loidea opima) as well as shells with opisthogyrate umbos 
(Nueula aquisgranensis Beushausen) . 

Vokes ( 1 949) and McAlester ( 1962) showed, however, that 
shells of the type species Nuloidea opima did exhibit micro
pectinate internal margins, and concluded that the presence 
or absence of this feature lacks generic value. 

The Silurian Nueuloidea lens, examined herein in hundreds 
of extremely well-preserved silicified and calcitic specimens, 
exhibits a smooth internal margin. This confirms the sugges
tion by Vokes ( 1949) and McAlester ( 1 962) concerning the 
nature of the internal margin of Nueuloidea. 

Bailey ( 1 983, p. 247, 1986, p. 1 1 78) and Liljedahl ( 1983, p. 
14) presented each a revised diagnosis of the genus Nueu
loidea. These are combined here as follows. 

Emended diagnosis. - Nuculid with erect to only slightly 
opisthogyrous or only slightly prosogyrous umbo; outline of 
shell variable; shell surface smooth or with fasciculate growth 
lines, sometimes with fine, discontinuous radial microrib
bing; inner margin either smooth or with micropectinations; 
microribbing and micropectinations best defined posteri
orly; resilifer small, triangular, erect to slightly reclining, 
sometimes protruding into valve interior and lying beneath 
the inner ends of the anterior and posterior tooth rows; 
resilifer showing little to moderate excavation into the hinge 
plate; hinge plates variable in size and containing a varying 
number of teeth; anterior plate containing more and larger 
teeth than posterior plate. 

Nuculoidea lens Liljedahl, 1983 
Figs. 6, 1 1 :5, 12:2, 1 5, 26, 30 

Synomymy. - Onon 1 880 Ctenodonta pinguis Lindstrom 
Lindstrom in Angelin & Lindstrom, p. 19, Pl. 19 :  1 5-16. O non 
192 1  Nucula angliea d'Orbigny - Hede, p. 32. Onon 1927a 
Nueula angliea d'Orbigny - Hede in Munthe et al. , pp. 15 , 3 1 ,  
52. O 1927b Nueula angliea d'Orbigny - Hede in Munthe et 
al., pp. 20, 2 1 ,  25, 54. Onon 1940 Nueula angliea d'Orbigny 
Hede in Lundquist et. al. , pp. 60, 66. 0 1 983 Nueuloidea lens 
n.sp. - Liljedahl, pp. 5-3 1 ,  Figs. 2-9. 0 1984a Nueuloidea lens 
Liljedahl - Liljedahl, pp. 6-1 1 ,  Figs. 1-5. 0 1984b Nueuloidea 
lens Liljedahl - Liljedahl, pp. 54-55, 60-64. 0 1984c Nueu
loidea lens Liljedahl - Liljedahl, pp. 2, 7, 18 ,  20--2 1 .  0 1 986 
Nuculoidea lens Liljedahl - Liljedahl, Fig. 1-2. 

Holotype. - SGU Type 842, a single right valve, Fig. 30A, F, G. 

Type stratum. - Halla Beds, Upper Wenlockian. 

Type loeality. - Mollbos l, Gotland. 

Material. - Several hundred silicified speeimens. 

Diagnosis. -Nuculoidea, lens-shaped in dorsal orventral view 
and sub-circular to suboval in lateral outline, umbo low, 
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beaks contiguous, orthogyrate; lunule and escutcheon cir
cumscribed; dorsal margins raised only slightly on both sides 
of umbo; ventral margin strongly convex; chevron-shaped 
teeth with apices pointing towards umbo, both anterior and 
posterior to resilifer; in adults anterior teth more numerous 
than posterior ones. 

For a more detailed description, see Liljedahl ( 1 983, 
1984a) . 

Dimensions of holotype. - Length = 14.8 mm, height = 
1 1 .5 mm, width = 4.0 mm, HIL = 0.78, W/L = 0.27 (both 
valves = 0.54). 

Remarks. - Nuculoidea lens shows an elaborate pattern of 
muscular imprints of the foot and its accessory muscles, all 
indicating that the long end of the valve is anterior (where the 
point of maximum opening is situated and the foot conse
quently protruded) . 

The material of this species is exclusively silicified, and 
because of the large amount of speeimens it has been possible 
to record a number of morphological characteristics and 
variations of morphology. Thus, variation of shell shape in 
lateral outline varies considerably (Fig. 30A, K, M).  Lunule 
and escutcheon may be more or less discernible (Fig. 30E, H) .  

The hinge teeth are comparatively robust and long (Fig. 
30l) and more numerous in the anterior hinge plate than in 
the posterior one (Fig. 30A, M; cf. Liljedahl 1983, pp. 1 8-22, 
Fig. 7) .  The anterior teeth are longer than the posterior ones, 
owing to the fact that the point of maximum opening of the 
valves is in the anterior half of the valve (Fig. 30H) .  

Impressions of muscles are fairly often well preserved. Fig. 
6 shows the maximum number of muscle scars ofthis species. 
The anterior adductor muscle scar is the largest and most 
heavily incised (Fig. 30A, F, K) , while the posterior adductor 

Fig. 30. Nuculoidea lens Liljedahl, 1 983. DA. Lateral view ofholotype (right 
valve) ,  SGU Type 842, x3.3 ,  sample G77-28L]. DB. Dorsal view (anterior 
to the left), note lun ule and eseuteheon, SGU Types 900/90 1 (same as C), 
x3.9, sample G77-28LJ. De. Lateral view of left valve showing growth 
inerement stops, SGU Type 90 1 ,  x3.9. OD. Antero-Iateral view ofleft valve 
showing the posterior pedal retraetor muscle sear (at arrows) ,  SGU Type 
865, x5.0, sample G77-28L]. DE. Dorsal view of artieulated speeimen 
(anterior to the left) ,  SGU Types 204912050, x4.3, sample G7978L]. OF. 
Postero-ventral view of holotype showing from left anterior adduetor 
muscle sear (aa), anterior protraetor muscle sear (ap) ,  viseeraI muscle sear 
(v) , anterior pedal retraetor muscle sear (ar) , and median muscle sear (m),  
x3.5 .  OG. Internal antero-ventral view of holotype showing posterior 
pedal retraetor muscle sear (at arrows) and, below it, posterior adduetor 
muscle sear with growth stops, x3.5 .  OH. Dorsal view of artieulated 
speeimens showing maximum opening anteriorly, anterior to the left, SGU 
Types 1 1 881 1 1 89, x4.0, sample G78- 1 LL. DI. Ventro-Iateral view of right 
valve with complete dentition in anterior hinge plate, SGU Type 1 193, 
x4.0, sample G79-78L]. Dl. Ventro-Iateral view of right valve showing 
median muscle sears (m),  SGU Type 844, X4.0, sample G77-28L]. DK. 
Lateral view of left valve, SGU Type 876, x8.3, sample G77-28Lj .  DL. 
Anterior view ofSGU Types 8 1 4/815 ,  x4.0, sample G77-28L]. DM. Lateral 
view ofleft valve, SGU Type 1 1 37, X3.5, sample G79-84AL]. All speeimens 
are silieified and come from the Halla Beds at Mollbos 1 .  
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muscle scar is second in size and less deeply impressed than 
the anterior one. In both scars, growth stops are sometimes 
present (Fig. 30F-G). Third in size and faintly defined is the 
posterior pedal retractor muscle scar (Fig. 30D, G) .  The 
median muscle scars come next in size butare rarelypreserved 
(Fig. 30F, J) .  Also rarely encountered are the remaining 
accessory muscle scars, viz. the anterior pedal protractor 
muscle scar (Fig. 30F) and the anterior pedal retractor muscle 
scar (Fig. 30F) . The impressions denoted 'v' in Figs. 6 and 30 
are assumed to be the site ofvisceral attachment muscles (Fig. 
30F, J) .  

The speeies is wellknown through ontogentic growth series 
(Liljedahl 1983, 1984a) and morphological and ecological 
studies (Liljedahl I984b, 1985) .  

Comparisons. - For comparisons with closely related speeies, 
see Liljedahl ( 1983, pp. 28-3 1 ) .  

Oeeurrence. - Wenlockian (Homerian) Halla Beds at Moll
bos 1 and at Gothemshammar 7, Ludlovian (Whitcliffian) 
Hamra Beds at Bottarve 1, Gotland. 

Nuculoidea pinguis (Lindstrom, 1 880) 
Figs. 1 1 :6, 1 3 :5, 15 , 26, 3 1A-B, D-E, I-J 

Synonymy. - 0 1880 Ctenodonta pinguis Lindstrom - Lind
strom in Angelin & Lindstrom, p. 19, Pl. 19 : 1 5, 16. 0 1 888 
Ctenodonta pinguis Lindstrom - Lindstrom, p. 12. 0 192 1 
Nueula angliea d'Orbigny - Hede, pp. 32, 4 1 , 48, 5 1 .  0 1927a 
Nueula angliea d'Orbigny - Hede, pp. 15 , 3 1 , 52. 0?1927b 
Nueula angliea d'Orbigny - Hede, pp. 20, 2 1 ,  25, 54. 0 1 940 
Nueula angliea d'Orbigny - Hede, pp. 60, 66. 0 1960 Nueula 
angliea d'Orbigny - Hede, pp. 60, 66. 0 1 964 Nueuloidea 
pinguis pinguis (pars) (Lindstrom) - Soot -Ryen, p. 5 10. O non 
1964 'Nueulana' sp. B Soot-Ryen - Soot-Ryen, p. 5 14. (Soot
Ryen 1964 considered Nueuloidea pinguis pinguis and N. 
pinguis burgsvikensis to be varieties of N. pinguis. They differ 
morphologicallyfrom each other, however, in several impor
tant respects and are therefore considered species in their own 
right; cf. Liljedahl 1983, pp. 28-3 1 . )  

Leetotype. -RMMo 1504 10, a complete articulated speeimen, 
Fig. 3 1A, E. 

Type stratum. - Mulde Beds, Homerian, Wenlockian. 

Type locality. - Djupvik l ,  Gotland. 

Material. - Several hundred specimens with shells preserved 
as recrystallized caleite and steinkerns of marI. 

Diagnosis. - Shell small, with expanded anterior end, um
bones prominent, beaks prosogyrate, hinge with two series of 
teeth interrupted by triangular resilifer; anterior teeth larger 
and more numerous than posterior ones. 

Deseription. - For a detailed description, see Soot-Ryen 
( 1964) . Because of the abundant material, variation in shell 
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morphology has been recorded (Fig. 3 1A, D, J). Of the 
muscular impressions, that of the anterior adductor is the 
largest and most deeply ineised (Fig. 3 lJ) ,  and that of the 
posterior adductor comes second in this respect. Also pre
served are the pedal protractor muscle scar (Fig. 3 l B-C) ,  
posterior pedal retractor muscle scar (Fig. 3 1B-C) ,  and some 
accessory muscle scars in the umbonal cavity (Fig. 3 l J) .  

Dimensions of holotype. - Length = 12 .6 mm, height = 
9.2 mm, width = 6.6 mm (both valves) , HIL = 0.73, W/L = 
0.52 (both valves) 

Remark. - Nuculoidea pinguis shows an elaborate pattern of 
muscular imprints of the foot and its muscles, all indicating 
that the long end of the valve is anterior (where the point of 
maximum opening is situated and the foot consequently 
protruded) . 

Hede ( 192 1 ,  1927a, b, 1940) indiscriminately assigned 
all(?)  nuculoids except Tanerediopsis to Nucula (Nueuloidea) 
angliea. Since he did not collect speeimens from all iocalities 
from which he made faunal lists, it is virtually impossible to 
check his identifications in all cases. However, in his 1921  
paper he reported Nueula anglicafrom the Upper Visby Beds, 
Slite Beds and Mulde Beds from which only Nueuloidea 
pinguis has been identified among the nuculoids. In Hede 
1927 Nucula angliea was also reported from the Slite Beds 
which may also be correct. In Hede's paper from 1927b 
Nueula angliea was reported from the Mulde Beds, which is 
correct, but also from the Hemse Beds from which strata, 
however, no collected specimens of Nucloidea pinguis have 
been identified. Possibly Nueula angliea is synonymous to 

Fig. 31 .  DA. Nuculoidea pinguis (Lindstrom, 1 880) .  Lateral right view of 
articulated specimen (holotype), RMMo 1 50410, x3. 1 ,  Mulde Beds at 
Djupvik. DB. Nuculoidea pinguis. Dorsal view of steinkern showing denti
tion and museular impressions (same lettering as in Fig. 4; anterior to the 
right) ,  RMMo 1584 1 ,  x3.7,  Mulde Beds at Djupvik. De. Nuculoidea sp. 
Dorsal view of steinkern showing muscular impressions (same lettering as 
in Fig. 4) ,  RMMo 15362, x2.4, Slite Beds at Osterby strand. DO. Nuculoidea 
pinguis (Lindstrom, 1 880) .  Lateral right view of articulated specimen, 
RMMo 1 5842, x2.9, Upper Visby Beds at Gnisvard. DE. Nuculoidea 
pinguis Lindstrom, 1 880) .  Dorsal view oflectotype (anterior to the right),  
x3.2 .  OF. Nuculoidea sp. Right view of same speeimen as in C, x2.4. OG. 
Nuculoidea sp. Right view oteinkern, RMMo 1 5806, x2 .4, Hogklint Beds at 
Medebys. OH. Nuculoidea sp. Left view of steinkern, RMMo 1 5908, x2. 1 ,  
Mulde beds a t  Djupvik. D I .  Nuculoidea pinguis (Lindstrom, 1 880) .  Hinge 
ofleft valve. RMMo 1 50274, x6. 1 ,  Mulde Beds at Djupvik. DI. Nuculoidea 
pinguis (Lindstrom, 1 880) .  Right view of steinkern showing muscular 
impressions (same lettering as in Fig. 4), RMMo 1 594 1 ,  x3.2, Mulde Beds 
at Djupvik. OK-M. Nuculoidea burgsvikensis (Soot-Ryen, 1 964) . DK. 
Hinge of holotype (left valve) ,  RMMo 1 50384, x3.3 ,  Burgsvik Beds, 
probably at Burgsvik. DL. Lateral view of right valve showing radial striae, 
RMMo 1 50348, x2.7, Burgsvik Beds at Grotlingbo. DM. Lateral view of 
right valve, RMMo 2 1 758, x2.0, Burgsvik Beds at Burgsvik. ON-O. 
Nuculoidea sp. A. ON. Dorsal view (anterior to the left), SGU Types 3836/ 
3837, x l  1 .7, Halla Beds of Mollbos l, sample G77-28L]. DO. Lateral left 
view of same speeimen as N, x l 1 .5 .  OP-Q. ?Nuculoidea sp. OP. Hinge of 
left valve, posterior hinge plate damaged, RMMo 1 5855, x lO.0, locality 
unknown. OQ. External view of same speeimen as in No. 1 6, x7. 1 .  
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Nuculoidea lens in the Hemse Beds. In his paper of l940 Hede 
reported Nucula angliea from the Slite Beds, which is also 
probably correct. 

Much of the steinkern material from other localities than 
Djupvik was regarded by Soot-Ryen as belonging to Nucu
loidea pinguis. At doser scrutiny many of these specimens are 
impossible, at present, to refer with certainty either to N 
pingius, N lens or to an unknown species of Nuculoidea. This 
is true especially for those specimens collected from levels 
where no specimens with a preserved shell have been found 
and accordingly no certain identification has been possible 
(Fig. 3 1 C, F-H) .  

Nuculoidea pinguisdiffers from N burgsvikensisand N lens 
as described by Liljedahl ( 1 983, pp. 28-3 1 ) .  

A large size variety, o r  varieties, o f  Nuculoidea, only pre
served as steinkerns, resembles Nuculoidea pinguisand Nucu
loidea lens in gross morphology (Fig. 3 1  C, F-H) .  The largest 
specimens examined is 19.9 mm long and the shortest 
13.6 mm, while corresponding values of Nuculoidea lens are 
15 .0 mm and 0.5 mm. Maximum length of measured speci
mens of Nuculoidea pinguis is 1 7.6 mm and smallest 
13 .6 mm. The H/L ratio of 12 specirnens is 0.70-0.80 and the 
2W/L relation 0.40-0.48. The correspondingvalues of Nucu
loidea pinguisare 0.70-0.80 and steinkerns 0.45, and of Nucu
loidea lens 0.72-0.9 1 and 0.60, respectively. This large size 
variety, or varieties, was found in the Mulde Beds at Djupvik 
and in the Slite Beds at Osterby strand and Storugns kanal. 

The two specimens described by Soot -Ryen ( 1 964, p. 5 14) 
as 'Nuculana' sp. B, one of which is illustrated on her Pl. 4:3, 
show the hinge characteristics of Nuculoidea. They probably 
belong to Nuculoidea pinguis, since the relation of the length 
of the anterior hinge plate to total length of the shell is 0.35, 
and the length of the posterior hinge plate to total length of 
shell is 0.2. The corresponding values of Nuculoidea pinguis 
are approximately 0.32 and 0.27. For comparison, those of 
Nuculoidea lens are 0.38 and 0.3 1 ,  respectively. 

Occurrence. - Wenlockian (Homerian) Mulde Beds at Djup
vik, Gotland. 

Nuculoidea burgsvikensis (Soot
Ryen, 1964) 
Figs. l l :7, 14:4, 15 , 26, 3 1 K-M 

Synonymy. - 0 1 964 Nuculoidea pinguis burgsvikensis n. 
subsp. - Soot-Ryen, p. 5 12, Pls. 2:7, 4:7, Fig. 6b. (See 'Remark' 
on Nuculoidea pinguis. ) 

Holotype. - RMMo 1 5034, a single valve preserved with shell 
in recrystallized calcite, Fig. 3 1 K. 

Typestratum. - Ludlovian (Whitdiffian) BurgsvikSandstone 
and Oolite, Burgsvik Beds. 

Type loeality. - Burgsvik, Gotland. 

FOSSILS AND STRATA 33 ( 1994) 

Material. - Nine specimens, all single valves with shell pre
served as recrystallized calcite. 

Diagnosis. - Shell large, umbones prominent, beaks ortho
gyrate to slightly prosogyrate, hinge plates of equal length 
containing approximately the same number of teeth. 

For detailed description see Soot-Ryen 1964, p. 5 12 .  

Comparisons. - The comparatively high umbo i s  a salient 
feature of Nuculoidea burgsvikensis (Fig. 3 1 K-M) .  The radial 
striae on the shell surface (Fig. 3 1 L) are rarely preserved, and 
Nuculoidea burgsvikensis is the only species among the nucu
loids of Gotland on which such sculpture has been observed. 
Internally this speeies is characterized by the two broad, 
robust hinge plates of equal length (Fig. 3 1  K). 

Dimensions of holotype. - Length = 14.3 mm, height = 
10.4 mm, width = 4.4 mm, H/L = 0.73, 2W/L = 0.62. 

Remark. - For comparisons with dosely related species, see 
Liljedahl ( 1 983, pp. 28-3 1 ) .  

Occurrence. - Ludlovian Burgsvik Beds, Burgsvik, Gotland. 

Nuculoidea Sp. A 
Figs. l l :8 ,  12 :3 ,  15 , 26, 3 1 N-O 

One single small, articulated silicified specimen, SGU Type 
3836/3837, has been recorded in the Late Wenlockian Halla 
Beds at Mollbos. It is similar in shell shape to other species of 
the genus Nuculoideabuthas, in contrastto these, a conspicu
ous shell sculpture of concentric costellae (for further discus
sion, see LiljedahI 1984a, p. 78) . 

? Nuculoidea ecaudata (Soot -Ryen, 1964) 
Figs. l l :9, 14 :6 ,  15 , 26, 32 

Synonymy. - D 1964 'Nuculana' eeaudata n.sp. - Soot-Ryen, 
p. 5 1 3 .  

Holotype. - RMMo 1 50275, a single right valve with shell 
preserved as recrystallized calcite, Fig. 32A-B. 

Type stratum. - Gotland, horizon unknown. 

Type loeality. - Gotland, locality unknown. 

Material. - Only the holotype. 

Diagnosis. - Shell large, anterior end expanded, umbo low, 
beaks prosogyrate, anterior hinge teeth broader and more 
robust than posterior ones, tooth rows interrupted by 
resilifer. 

For detailed description, see Soot-Ryen ( 1 964, p. 5 1 3 ) .  

Remarks. - ?Nuculoidea eeaudata, considered by Soot-Ryen 
( 1 964, p. 5 1 3 )  to have had an enlarged posterior end and thus 
dassified as 'Nuculana' eeaudata, is suggested to have the 
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Fig. 32. ? Nuculoidea ecaudata (Soot -Ryen, 1964) .  DA. Hinge ofholotype (right valve) ,  RMMo 1 50275, X4,4, locality unknown. DB. Lateral view ofholotype, 
x2.2. 

anterior end enlarged. This is based on the size difference of 
hinge teeth, where the larger ones are considered to be 
anterior (cf. Bradshaw & Bradshaw 197 1 ) .  The umbo onN. 
ecaudata is inconspicuous and low, in contrast to the typical 
large umbo of the genus Nuculoidea. However, owing to its 
hinge and ligament construetion, (the larger teeth considered 
to be anterior; see Bradshaw 197 1 ) ,  it is considered a member 
of the family Nuculidae and provisionally assigned to 
Nuculoidea. 

Dimensions ofholotype. - Length = 23.4 mm (not complete) ,  
height = 16.3 mm, width = 5.9 mm, W/L = 0.25 (both 
valves = 0.50). 

Occurrence. - The specimen was found in marl, locality on 
Gotland unknown. 

? Nuculoidea Sp. 
Fig. 3 1 P-Q 

One single left valve with preserved anterior hinge plate and 
teeth possibly belongs to Nuculoidea. The shell is externally 
characterized above all by a high and acute umbo and a 
conspicuous anterior umbonal ridge. 

Superfamily Nuculanacea Adams & 
Adams, 1 858 

Diagnosis. - (McAlester 1969) . - Shell elongate posteriorly, 
with or without resilifer, pallial sinus usually present. 

Family Malletiidae Adams & 
Adams, 1 858 

Diagnosis. - (McAlester 1969) .  - Ligament predominantly 
external, resilifer laeking. 

Genus Caesariella Liljedahl, 1984 

Type and only speeies. - Caesariella lindensis (Soot-Ryen, 
1964) .  

Diagnosis. - Malletiid with prosogyrate anteriorly extended 
and posteriorlytruncated shell, external ligament posterior to 
beaks; margins even; teeth forming an uninterrupted series 
below beak, anterior and posterior part ofhinge almost equal, 
most distal teeth chevron-shaped, apices towards beak, 
proximal teeth lamellar; pallial line slightly sinuate. 

Systematie position. - Caesariella shows morphological char
acteristics typical both for the superfamily N uculacea and for 
the superfamily Nuculanacea. Shells belonging to Nuculacea 
have a truncate posterior extremity and lack pallial sinus, 
while shells assigned to Nuculanacea have an expanded pos
terior end and usuallyalso a pallial sinus. Although exhibiting 
a slightlytruncate posterior end, the pallial sinus of Caesariella 
(indicating the presenee of siphons) suggests a nuculanacean 
affinity. Owing to the absenee of a true resilifer, it is placed in 
the Malletiidae. 

Caesariella lindensis (Soot -Ryen, 1964) 
Figs. 8, l 1 : lO, 1 2 :4, 15 , 26, 33 
Synonymy. - 0 1 964 Ctenodontacea lindensis n.sp. - Soot
Ryen, p. 495, Pl. 1 : 1-3, 5. 0 1984a Caesariella lindensis (Soot
Ryen) - Liljedahl, p. 20. Figs. lO, I l , 12. 0 1 984b Caesariella 
lindensis (Soot -Ryen) - Liljedahl, pp. 63-64, Fig. 6-7. D l  984c 
Caesariella lindensis (Soot-Ryen) - Liljedahl, pp. 2, 9-10,  
Fig. 1 .  

Holotype. - RMMo 1 50356, a right valve, Fig. 33E. 

Type stratum. - Hemse Beds, Early Ludlovian. 

Type locality. - Linde, Gotland. 
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Material. - Approximately 50 specimens, of which 12 are 
silicified and the remaining ones preserved as recrystallized 
shells of calcite and internal moulds of fine-grained lime
stone. 

Diagnosis. -Shell large, anterior end expanded, external opis
thodeticligament, umboneslow, beaks prosogyrate, escutch
eon defined, posterior hinge plate longer and containing 
more numerous teeth than anterior one, tooth series continu
ous below beak, edentulous region below and immediately 
posterior to beak, shallow pallial sinus. 

For detailed description see Liljedahl 1984a, pp. 20-26. 

Remarks. - Caesariella lindensis has, besides an external liga
ment on the short side of the valve and a pedal musele pattern 
similar to that ofRecent nuculoids, a conspicuously limited 
area in the umbonal cavity, reaching the margin in the long 
part of the valve. It probably represents the extension of the 
visceral tloor, which in living nuculoids coincides with the 
ventral border of the gonads and eneloses the pericardial 
region with heart, intestines, etc. This region is situated in the 
anterior part of the valve in Recent nuculoids and thus 
supports the orientation suggested for Caesariella lindensis. 

The material available retlects some variation in size and 
lateral outline of the shell (Fig. 33A, G-H).  The Ludlovian 
specimens from Linde, Mannegårde and Tanglingshiillar 
possibly represent a variety slightly different from the Wen
lockian ones from Mollbos (cf. Life habits; Fig. l l : lOa, lOb) .  
The largest specimen of the Ludlovian variety is 30.9 mm and 
its shell is less anteriorly expanded (Fig. 33A) , has a lower 
umbo and comparatively fewer posterior teeth in relation to 
anteriorteeth (Fig. 33E) than thelargest Wenlockian one (Fig. 
1 8G, J ) .  Maximum length registered among Wenlockian 
specimens is 1 5.0 mm. 

The umbones are orthogyrate (Fig. 33C), erronously de
fined as opisthogyrate by Soot-Ryen ( 1 964, p. 455), and the 
beaks prosogyrate (Fig. 33C-D, J) .  

Fig. 33 .  Caesariella lindensis (Soot-Ryen, 1964) .  DA. Lateral right view of  
articulated speeimen, RMMo 241 52, X 1 .6, loeality unknown, probably 
Hemse Beds. DB. Dorsal view of same specimen as A (anterior to the left) , 
x 1 .9. De. Dorsal view of right valve, SGU Type 3606, X3.4, Halla Beds at 
Mollbos l ,  sample G79-78LJ. DO. Lateral view of left valve, SGU Type 
3607, X3.4, Halla Beds at Mollbos l ,  sample G79-78LJ. DE. Hinge of 
holotype (right valve) ,  RMMo 1 50356, x3.2, Hemse Beds at Linde klint. 
OF. Stereo pair, ventro-lateral view of right valve showing mueular impres
sions and region ofviseeral mass (at arows; cf. Fig. 1 9a) ,  SGU Type 3642, 
x3.0, Halla Beds at Mollbos 1, sample G79-79LJ. OG. Lateral view of right 
valve (same specimen as in C) .  OH. Lateral view of right valve, RMMo 
1 50352, loeality unknown, probably Hemse Beds. DI. Internal mould of 
right valve showing, from left, two viseerai muscle sears (v) , anterior pedal 
retraetor muscle sear (ar) , anterior pedal protraetor muscle sear (ap) ,  and 
anterior adduetor muscle sear (aa) , cf. Fig. 1 9a, RMMo 1 50330, X4.4, 
Hemse Beds at Mannagårda. OJ. Hinge ofleft valve, note ligament nymph 
posterior to beak, same speeimen as D, x 12.0 .  DK. Internal mould of right 
valve showing muscular impressions (same lettering as in Fig. 4; cf. Fig. 8 ) ,  
RMMo 24609, x3 ,9 ,  Hemse Beds at  Tanglingshiillar. C, D, F, G, and J are 
silieified and the remaining speeimens preserved as ealeium carbonate. 
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The anterior hinge teeth are longer and more robust than 
theposterior ones (Fig. 33E, J ) ,  both series ofteeth continuing 
into each other. The proximalmost posterior teeth are con
spicuously narrow, and below these is an edentulous (resili
fer-like?) region (Fig. 33J) , which is broader in the left valve. 

Several more or less distinct musele scars have been ob
served (Fig. 8A) , all of which are faintly impressed when 
compared to nuculoids in general. Largest and deepest is the 
anterior adductormusele scar (No. l in Fig. 8A; Fig. 33F, 1, K) . 
Second in size is the scar of the posterior adductor adductor 
musele, which, however, is the faintest defined of all (No. 2 in 
Fig. 8A; Fig. 33D). Also faintlyimpressed is the posteriorpedal 
retractor musele scar (No. 3 in Fig. 8A) . The anterior pedal 
protractor musele scar is fourth in size (No. 4 in Fig. 8A; Fig. 
33D, I ) ,  and the anterior pedal retractor musele scar (No. 5 in 
Fig. 8A; Fig. 331, K) is fifth, both being well impressed. Scars 
Nos. 6 and 7 in Fig. 8A are suggested to be the impressions of 
visceral attachment museles. There is a conspicuous ridge 
enelosing the upper part of the umbonal cavity (Fig. 33F), 
probably indicating the extension of the visceral tloor (Fig. 
8B; cf. corresponding feature in modern nuculoids, in Brad
shaw 1978) .  The pallial line has a shallow sinus indicating the 
presence of only short siphons. Fig. 8B shows the reconstruc
tion of the foot, gills and gonads of Caesariella lindensis (cf. 
Heath 1937, Bradshaw 1978) .  

Occurrence. - Wenlockian (Homerian) Halla Beds at Moll
bos 1 and Ludlovian Hemse Beds at Linde, Mannegårde and 
Tanglingshiillar, Gotland. 

Genus Ekstadia Soot - Ryen, 1964 

Type species. - Ekstadia tricarinata Soot -Ryen, 1964. 

Speeies. - Ekstadia tricarinata Soot -Ryen, 1 964, E. kellyi n.sp. 

Emended diagnosis. - Shell small to medium-sized, inequi
lateral, posterior end slightly protruding, umbones proso
eline, beaks small, prosogyrate, elose together, more or less 
posterior conspicuous diagonal umbonal sulcus extending to 
postero-ventral angle, anterior sulcus present or wanting; 
shell surface smooth with concentric growth lines; lunule and 
escutcheon not defined; external opisthodetic ligament; 
hinge teeth in an uninterrupted series, anterior teeth large, 
broad, robust, more or less chevron-shaped with apices to
wards beak, posterior teeth small, narrow, chevron-shaped 
with apices towards beak, posterior teeth more numerous 
than anterior teeth; fairly deep pallial sinus. 

Systematie position. - Soot-Ryen ( 1964, p. SO l )  placed Ek
stadia tricarinata in the Ctenodontidae, most probably be
cause of the external ligament and the character of the hinge 
(continuous below the beak) . The material originally exam
ined by her contains a few specimens of steinkerns showing a 
comparatively large pallial sinus indicating the presenee of 
siphons. Thus, Ekstadia is placed in the Malletiidae of the 
N uculanacea. 
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Ekstadia tricarinata Soot -Ryen, 1964 
Fig. 1 1 : 1 1 ,  1 3 :4, 15 , 26, 34A-E 

Synonymy. - o  1964 Ekstadia triearinatan.sp. -Soot -Ryen, p. 
502 (pars) .  

Holotype. - RMMo 15618, a eomplete, articulated speeimen 
(Soot-Ryen 1964, Pl.3 :3) .  

Type stratum. - Mulde Beds, Homerian, Late Wenloekian. 

Type loeality. - Djupvik 1 ,  Gotland. 

Material. -About a hundred specimens preserved as shells of 
reerystallized ealcite or steinkerns of marl. 

Emended diagnosis. - Shell small with two posterior and two 
anterior sulci and deep pallial sinus. 

New deseription. - Shell small, quadrangular, two distinet 
keels from umbo to postero-ventral angle and posterior 
margin forming a sulcus, two faint keels from umbo to 
antero-ventral angle and anterior margin, respeetively, form
ing a eoneave faint sulcus (Fig. 34A-B) ;  umbo dominant, 
prosodine, beaks small, dose together, prosogyrate (Fig. 
34C),  slightly raised above dorsal margin; shell surfaee 
smooth with eoneentrie growth lines; no lun ule or escuteh
eon; dorsal margin eonvex; anterior margin eonvex, ventral 
part truneated; posterior margin rounded, truneated be
tween keels; ventral margin almost straight in anterior part, 
angular in posterior part; hinge consisting of an uninter
rupted series of teeth, anterior hinge plate short, broad with 
Z-shapedandehevron-shapedteethwiththeirapiees towards 
beak, a speeimen 9.4 mm long eontaining 4--5 teeth; posterior 
hinge plate long, narrow with ehevron-shaped teeth with 
apiees towards beak, a speeimen 9.4 mm long eontaining 
approximately20 teeth (Fig. 34D);  impressions of the addue
tor musdes observed (Fig. 34E),  relatively deep pallial sinus 
(Fig. 34E) .  

Remarks. - Ekstadia triearinata has a more or less evident 
external diagonal sulcus in one end also eontaining a pallial 
sinus, indieating the presenee of siphons. This end is eonsid
ered to be posterior. 

Dimensionsofholotype. -Length = 8.0 mm, height = 7.2 mm, 
2xwidth = 4.3 mm, HIL = 0.9, 2W/L = 0.54 

Comparisons. - Ekstadia triearinata differs from the new spe
eies E. kellyi in being smaller, exhibiting a less conspicuous 
umbo and a pronouneed posterior sulcus, having an addi
tional anterior suleus, and having more numerous hinge 
teeth in the posterior hinge plate. 

Oeeurrence. - Wenloekian (Homerian) Mulde Beds at Djup
vik, Gotland. 
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Ekstadia kellyi n.sp. 
Figs. 10 ,  1 1 : 1 2, 13 :6,  34F-K 

Synonymy. - O 1964 Nueuloidea sp. A - Soot -Ryen, p. 5 12, Pl. 
4:8. Opars 1964 Ekstadia triearinata n.sp. - Soot -Ryen, p. 502. 

Derivation of the name. - After Kelly, a dear friend. 

Holotype. - RMMo 15618, a complete artieulated speeimen. 
Length = 12.2 mm, height = 10.4 mm, 2xwidth = 6.8 mm, 
HIL = 0.85,2 W/L = 0.55, Fig. 34H, J. 

Type stratum. - Mulde Beds, Homerian, Wenloekian. 

Type loeality. - Djupvik 1, Gotland. 

Material. - Five speeimens preserved as reerystallized ealeite 
or steinkerns of marl. 

Diagnosis. - Shell medium-sized, quadrangularly subovate, 
umbo prominent, faint posterior suleus. 

Deseription. - Shell medium-sized, quadrangular-subovate 
(Fig. 34H),  inequilateral, strongly inflated, umbones promi
nent, prosodine, in anterior half of shell; beaks small, proso
gyrate, dose together (Fig. 34J) ,  slightly raised above dorsal 
margin (Fig. 34K) ; shell surfaee smooth with eoneentrie 
growth lines; dorsal margin slightly eonvex; anterior margin 
evenly rounded; posterior margin truneated, straight to 
slightly eonvex; ventral margin convex; no lunule or escuteh
eon; hinge eonsisting of an uninterrupted series of teeth, 
anterior hinge plate short, broad with lamellar, slightly ehev
ron-shaped teeth with apiees towards beak, a speeimen 

Fig. 34. OA-E. Ekstadia tricarinata (Soot-Ryen, 1964) from the Mulde Beds 
at Djupvik. DA. Lateral right view of articulated specimen, note posterior 
sulcus (at arrows), RMMo 155 10, x4.6. DB. Lateral left view of articulated 
specimen, RMMo 1 5509, x3.9, note anterior and posterior sulci, resp ec
tively (at arrows) .  OC Dorsal view of same speeimen as in B, note ligament 
nymph (at arrow), anterior to the left, x3.8 .  OD. Hinge of right valve, 
RMMo 1 5838 1 ,  x6.6. DE. Left view of steinkern showing museular im
pressions (same lettering as in Fig. 4, cf. Fig. 10 ) ,  note deep pallial sinus (at 
arrow), RMMo 1 5509, x5. 1 .  OF-K. Ekstadia kellyi n.sp. from the Mulde 
Beds at Djupvik. OF. Dorsal view of steinkern (anterior to the right) 
showing muscular impressions (same lettering as in Fig. 4, v = viseerai 
attachment muscles, cf. Fig. 10 ) ,  RMMo 24279, x3.2 .  OG. Lateral right 
view ofsteinkern, note pallial sinus (at arrows) ,  RMMo 2 1 93 1 ,  x4. l .  OH. 
Left view of articulated specimen (holotype), note posterior sulcus (at 
arrows) , RMMo 156 18, x4.3.  DI. Right view ofsteinkern showing muscu
lar impressions (same lettering as in Fig. 4, cf. Fig. 10 ;  same specimen as F) ,  
x2. ! .  DI .  Dorsal view of holotype (anterior to the left) ,  note attached 
bryozoan colony in posterior part ofright valve (outline marked with inkl, 
x3.3. DK. Hinge of left valve (posterior teeth damaged), note ligament 
nymph (between arrows) ,  RMMo 15617, x9. 7. DL-P. Palaeostraba baltica 
(Liljedahl, 1 984) from the Halla Beds at Mollbos l .  DL. Ventro-lateral view 
ofholotype (left valve) ,  note internal septa (at white arrows) and umbonal 
depression (at black arrow) , SGU Type 3498, x4.0, sample G78-2LL. DM. 
Lateral view ofholotype, x4.3.  ON. External view of articulated specimen 
(anterior to the right; posterior part of right valve deformed),  SGU Types 
3638/3639, x4.3, sample G79-79LJ. DO. Lateral view of holotype, note 
posterior sulcus (at arrows) ,  x4.3. OP. Hinge of right valve, SGU Type 
3607, x I 6.0, sample G79-78LJ. A-K are preserved as calcium carbonate 
and the remaining specimens are silicified. 
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l l .5 mm long containing 4-5 teeth; posterior hinge plate 
long, narrow with chevron-shaped teeth having apices to
wards beak, a specimen 1 1 .5 mm long containing 20-30 teeth 
(Fig. 34K) ; anterior adductor muscle scar large, subcircular, 
deeply impressed (aa in Fig. 10;  Fig. 34F, I ) ;  posterior adduc
tor muscle scar subcircular, somewhat smaller and not so 
deeply incised as anterior one (pa in Fig. 10 ;  Fig. 34F, I ) ;  pedal 
muscle scars between anterior adductor muscle scar and 
umbonal cavity and in umbonal cavity (v in Fig. 10; Fig. 34F, 
I); evident pallial sinus (ps in Fig. 10; Fig. 341) .  

Remark. - Ekstadia kellyi has a more or less evident extemal 
diagonal sulcus in one end containing also a pallial sinus, 
indicating the presence of siphons. This end is considered to 
be posterior. 

Soot -Ryen ( 1 964, p. 5 12 )  denoted the holotype of Ekstadia 
kellyias Nuculoideasp. A, consideringit to have opisthogyrate 
beaks, i.e. a reversed orientation to that presented herein. The 
material of Soot -Ryen ( 1 964) originally determined and la
belled Ekstadia tricarinata contained a few specimens of 
Ekstadia kellyi. 

The following muscular impressions have been observed 
(Fig. 10) :  anterior adductor muscle scar (aa) , posterior ad
ductor muscle scar (pa) , anteriorpedal protractoror retractor 
muscle scar (ap+ar), visceral attachment muscle scars (v) and 
pallial line with shallow sinus (ps) . 

Comparisons. - See discussion of Ekstadia tricarinata. 

Occurrence. - Wenlockian (Homerian) Mulde Beds at Djup
vik and Ludlovian Hemse Beds at Petesvik. 

Genus Palaeostraba Liljedahl, 1984 

Systematie position. - Palaeostraba seems to be closely related 
to the Devonian Straba Prantl & Ruzicka, 1954, type genus of 
the subfamily Strabinae, placed in the familyCtendodontidae 
by Prantl & Ruzicka ( 1 954, p. 10) .  However, since Palaeo
straba is assumed to be siphonate, has an extemal opistho
detic ligament, lacks resilifer but probably also had an addi
tional intemal part of the ligament, it is placed in the family 
Malletiidae of the Nuculanacea. 

Type and only speeies. - Palaeostraba baltica Liljedahl, 1984. 

Diagnosis. - Malletiid with slightly elongated posterior end, 
beaks slightly prosogyrate (Fig. 34N, O) ,  opisthodetic exter
nal ligament and possibly also an additional intemal part of 
the ligament (Fig. 34P) ;  distinct anterior intemal septum and 
less conspicuous posterior septum (Fig. 34L) ; central tooth 
and socket extremely small, as are adjoining anterior and 
posterior teeth (Fig. 34P) ;  oblique extemal sulcus from pos
tero-umbonal slope to postero-ventral margin (Fig. 340) .  
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Palaeostraba baltiea Liljedahl, 1984 
Fig. 1 1 : 1 3 , 12 :5 , 15 , 26, 34L-P 

Synonymy. - D 1984a Palaeostraba baltica n.sp. - Liljedahl, 
pp. 1 3-19, Figs. 4, 6--9. D 1984b Palaeostraba baltica Lilje
dahl - Liljedahl, pp. 63--64; Figs. 6--7. D 1984c Palaeostraba 
baltica Liljedahl - Liljedahl, pp. 2, 8-9. Fig. 1 .  

Holotype. - SGU Type 3498, a single left valve. Length = 
l l .8 mm, height = 7.5 mm, Fig. 34L-M, O. 

Type stratum. - Halla Beds, Upper Wenlockian. 

Type locality. - Mollbos l ,  Gotland. 

Material. - About 30 silicified specimens. 

Diagnosis. - Same as for the genus. 

Remarks. - For detailed description see Liljedahl ( 1984, pp. 
1 3-19) .  The diagonal sulcus of Palaeostraba baltica is re
garded as being in the posterior end. 

The specimens examined are all exclusively silicified. The 
extemal sulcus of Palaeostraba baltica indicates the presence 
of siphons (cf. corresponding feature in modem siphonate 
bivalves) .  This assumption is supported by ecological evi
dence (see 'Ecology and faunal associations' ) .  

The two series ofhinge teeth are continuous, and immedi
ately posterior to the beak below the proximalmost tooth in 
the posterior hinge plate there is a non -denticulate area (Fig. 
34P),  possibly being the site of an intemal part of the ligament. 

The muscular impressions of this species are few and 
extremely faint; the anterior adductor muscle scar is larger 
than the posterior one. An evident depression in the umbonal 
cavity (Fig. 34L) is interpreted as the site of the visceral mass 
(cf. reconstruction of soft parts of Caesariella lindensis in Fig. 
8B herein) .  

Dimensions of holotype. - Length = 1 1 .6 mm, height = 
7.5 mm, width = 2.3 mm, HIL = 0.65, 2W/L = 0040. 

Occurrence. - Late Wenlockian (Homerian) Halla Beds at 
Mollbos l ,  Gotland. 

Genus Nuculites Conrad, 1 84 1  

Type speeies. - Nuculites oblongata Conrad, 1 84 1 .  

Nuculites solida (Soot-Ryen, 1964) 
Figs. 1 1 : 14, 14 :2 ,  1 5,26, 35A-C 

Synonymy. - D 1964 Palaeoneilo solida n.sp. - Soot -Ryen, p. 
SO l ,  Figs. 2:3,5 

Holotype. - RMMo 1 50355, a left valve, Fig. 35A, C. 
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Type stratum. - Probably Burgsvik Beds, Whitdiffian, Late 
Ludlovian. 

Type locality. - Probably Burgsvik, Gotland. 

Material. - Three specimens with shells preserved as recrys
tallized calcite. 

Diagnosis. - Shell large with expanded posterior end, external 
opisthodetic ligament, diagonal sulci, beaks prosogyrate, 
hinge teeth continuous below beak, anterior teeth larger and 
less numerous than posterior ones, strong internal septum in 
anterior part. 

New description. - Shell large, arciform, subovate, gibbous, 
inequilateral, external opisthodetic ligament (Fig. 35C), di
agonal shallow sulci from umbo to posterior part of ventral 
margin (Fig. 35A-B) ;  umbo low, beaks prosogyrate, dose 
together, slightly raised above dorsal margin, in anterior half 
of shell (Fig. 35C); no lunule or escutcheon; shell surface 
smooth with concentric growth lines; dorsal margin slightly 
convex; anterior margin rounded, slightly truncated; poste
rior margin obliquely truncated; ventral margin straight, 
sinuated in posterior part where sulcus emerges; no ligament 
observed; hinge teeth in an uninterrupted series, anterior 
hinge plate short, broad with strong chevron-shaped teeth, 
apices towards beak, in holotype (approximately 25 mm 
long) containing 1 1  teeth; posterior hinge plate long, narrow 
in distal part, with chevron-shaped teeth having their apices 
towards beak, in remaining part lamellar, holotype contain
ing approximately 30 teeth; teeth extremely small below beak, 
posterior teeth smaller than anterior teeth (Fig. 35C); hinge 
angle approximately 1 50°; no resilifer; deep, thick internal 
septum (Fig. 35A) . 

Dimensions of holotype. - Length = 25.4 mm, height = 
15 .0 mm, width = 7.0 mm, HIL = 0.59, 2W/L = 0.55. 

Remarks. - The diagonal sulcus of Nuculites solida is regarded 
as being in the posterior end. 

Systematie position. - Soot-Ryen ( 1 964, p. SOl )  placed this 
species in the genus Palaeoneilo Hall, 1869, most probably 
because of its diagonal sulci. However, this species also exhib
its a stronginternal septum, a feature present onlyin Nuculites 
Conrad, 1 841  (low, thin internal septa, or ridges are present 
in a few additional nuculoids, e.g., Palaeostraba) . Palaeoneilo 
differs from Nuculites in form and in the absence of an 
internal septum (cf. discussion in Hall 1885, pp. XXVI, 
XXVII; cf. also description of the type species of Nuculitesand 
Palaeoneilo, respectively, in McAlester 1968, pp. 37, 4 1 ) .  

Owing to  the presence of  a robust internal septum in the 
present species, it seems to be more doselyrelated to Nuculites 
Conrad than to Palaeoneilo Hall. 

Occurrence. - Ludlovian (Whitdiffian) Burgsvik Beds, prob
ably at Burgsvik. 
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Nuculites Sp. A sensu Soot -Ryen, 1964 
Figs. 15 , 26, 35D 

Synonymy. - o 1964 Nuculites sp. A - Soot -Ryen, p. 500, Fig. 
2:6 

Material. - Only one internal mould in limstone and some 
additional fragments on the same slab. 

Diagnosis. - Shell medium-sized with expanded posterior 
end, umbo low, conspicuous internal septum. 

For a detailed description see Soot-Ryen ( 1964, p. 500) .  

Dimensions. - Length of specimen ca. 16  mm, height 9 mm 
(HIL = 1 ,8) .  

Occurrence. - Ludlovian Hemse Beds, probably from the 
Etelhem Limestone, locality unknown. 

Nuculites Sp. B sensu Soot -Ryen, 1964 
Figs. 14:5, 15 , 26, 35E, G 

Synonymy. - 0?1909 Cuculella ovata Sowerby - Moberg & 
Gronwall, p. 37, Pl. 2:20--2 1 .  0 1 964 Nuculites sp. B - Soot
Ryen, p. 500, Pl. 3 : 1-2. 

Material. - One specimen of a left valve with shell preserved 
as recrystallized calcite, RMMo 1 5823 (Fig. 35E) . Length = 
22.0 mm, height = 1 3 .0 mm, width = 2.4 mm, HIL = 0.59, 
2W/L = 0.44. Two internal moulds of right valves of fine
grained limestone, RMMo 2 1 977 (Fig. 35G) and RMMo 
1 5620, one incomplete internal mould of a right valve of fine
grained limestone, RMMo 2 1 982, and one internal mould 
with dorsal part with umbo preserved as recrystallized cal
cium carbonate, RMMo 2 1 5 18 .  

Diagnosis. - Shell large with expanded posterior end, umbo 
small, faint diagonal sulcus, shell surface with coarse, regular 
concentric lamellae, internal septum. 

For a detailed description see Soot-Ryen ( 1964, p. 50) . 

Remark. - The internal septum of the specimen with pre
served shell is discernible owingto shell collapse (Fig. 3SE). In 
the remaining specimens, consisting of internal moulds, the 
septum is dearly observable as a split in the mould (Fig. 35G) . 
Possiblythis species corresponds to Cuculella ovata Sowerby, 
described by Moberg & Gronwall ( 1 909) from the Silurian of 
Scania. The Scanian species seems to be a little more gibbous 
than Nuculitessp. B, but differences in valve convexitymay be 
due to state of preservation. 

Occurrence. - Ludlovian (Eltonian) Hemse Beds at Ostergarn 
and Lau kanal and Whitcliffian Burgsvik Beds at Gansviken 
and at the shore of Grotlingbo. 
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Family Nuculanidae Adams & 
Adams, 1 858 

Diagnosis (McAlester 1969) . - Ligament partially internal, 
resilifer present. 

Systema tie position. - Palaeozoic nuculoids with attenuated 
posterior part are in older literature usually referred to the 
extant genus Nueulana Link ( = Leda Schumacher) . Mc
Alester ( 1962) argued that fossil taxa ought not to be assigned 
to extant ones unless clear evidence of conchological similar
ity could be accounted for. Because of the obliterated original 
mineralogy of Palaeozoic bivalve shells, he suggested that 
Nueulana-like Palaeozoic bivalves belong to an undescribed 
taxon or taxa. 

Posteriorly extended Palaeozoic nuculoids may exhibit 
different internalcharacteristics. For example NueulitesCon
rad, 1 84 1 ,  has an anterior internal septum, Ditiehia Sand
berger, 1891 ,  two internal septa, and Phestia Chernyshev, 
195 1 ,  internal umbonal ridge or ridges. 

Since only the hinge of the two present nuculanids is 
known, theyare notpossible to place into anygenus or genera. 

'Nuculana' oolitica (Soot -Ryen, 1964) 
Figs. 1 1 : 1 5, 14 :3 ,  15 , 26, 35F ,  J-K 

synonymy. - 0? 1858 Leda pandoriformis Stevens - Stevens, 
p. 262. 0 1 883 Leda (Nueulana) ohioensis Hall - Hall, Pl. 
47:49-50. 0?1885 Leda pandoriformis (Stevens) - Hall, Pl. 
47:49-50. onon 1897 Ctenodonta seeuriformis (Goldfuss) 
Gronwall, p. 220 (fossil list) . onon 1909 Ctenodonta seeuri
formis (Goldfuss) - Gronwall in Moberg & Gronwall, p. 38, 
Pl. 2 : 1 8, 19. 0 1 964 'Nueulana' oolitica n.sp. - Soot-Ryen, p. 
5 1 3. 

Material. - Only one specimen known so far, a right valve 
with shell preserved as recrystallized caleite. 

For a detailed description see Soot-Ryen ( 1964, p. 5 13 ) .  

Remark. - The rostrate end of  'Nueulana' oolitica i s  consid
ered to be the posterior. 

The number ofhinge teeth present in the specimen avail
able indicates that it is an adult (cf. discussion in Liljedahl 
1983, pp. 22-36). 

Dimensions of speeimen. - Length = 8.0 mm, height 
4.7 mm, width = 1 .7  mm, HIL = 0.59, W/L = 0.2 1 .  

Comparisons. - 'Nueulana' oolitica closely resembles Leda 
pandoriformis Stevens, 1 858, from the Silurian of North 
America and is most probably conspecific with this species. 
'Nueulana' oolitica is also similar to Nueulana securiformis 
Goldfuss, 1834, from the Silurian ofScania, Sweden. 'Nucu
lana' oolitica has a slightly higher number of teeth in the 
posterior hinge plate than in the anterior one while Nueulana 
seeuriformis has almost the double amount of teeth in the 
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anterior hinge plate as compared with the posterior one (see 
Beushausen 1895, p. 60) . 

'Nuculana' Sp. A Soot -Ryen, 1964 
Figs. 1 1 : 16, 1 3 :3,  15 , 26, 35H-I 

synonymy. - 01964 'Nuculana' sp. A - Soot-Ryen, p. 5 14. 

Remarks. - This taxon is represented by one complete articu
lated specimen only (RMMo 1538 1 )  with the shell preserved 
as recrystallized caleite. The existence of taxodont teeth may 
be observed by transmitted light. The rostrate end is consid
ered to be the posterior. 

For a detailed description se Soot-Ryen ( 1 964, p. 5 14) .  

Dimensions of only speeimen. - Length = 6.9 mm, height = 
3.9 mm, 2xwidth = 1 .6 mm, HIL = 0.56, 2W/L = 0.23. 

Comparisons -The present taxon superfieially resembles sev
eral Palaeozoic nuculoids such as Ctenodonta longa Ulrich, 
1 897, p. 590, Pl. 37:30-3 1 , LedaperdentataBarrande, 1 88 1 ,  Pl. 
270:2 and Leda decurtata Barrande, 1 88 1 ,  Pl. 70:4. 

Oeeurrence. - Wenlockian (Homerian) Mulde Beds at Djup
vik, Gotland. 

Fig. 35. DA-C. Nuculites solida (Soot-Ryen, 1964). DA. Lateral view of 
holotype (leftvalve) showinginternal septum where shell material has been 
worn off (at arrow), RMMo 1 50355, X 1 .9, Burgsvik Beds, probably at 
Burgsvik. DB. Lateral view of left valve, RMMo 1 50350, x2.4, Burgsvik 
Beds at Burgsvik. DC. Hinge ofholotype, x3.2 .  OD. Nuculites sp. A (Soot
Ryen, 1964). Right valve of internal mould showing internal septum 
(preserved as a slit) ,  RMMo 2 1983, x2.8, Hemse Beds, locality unknown. 
DE. Nuculites sp. B (Soot-Ryen, 1964) .  External view of incomplete left 
valve, RMMo 1 5823, x2.9, Burgsvik Beds at Gansviken. OF. 'Nuculana' 
oolitica (Soot-Ryen, 1964). Dorsal view ofholotype (right valve) ,  RMMo 
1 50277, X4.9, Burgsvik Beds at Gansviken. OG. Nuculites sp. B (Soot
Ryen, 1 964). Right view of internal mould, showing slit representing 
internal septum, RMMo 2 1 977, x2.0, Burgsvik Beds, probably at 
Gansviken. OH-I. 'Nuculana' sp. A (Soot -Ryen, 1964). OH. Dorsal view of 
articulated speeimen (holotype) ,  anterior to the right, RMMo 1 538 1 ,  x7.4, 
Mulde Beds at Djupvik. DI. Rightviewofholotype, x7.5. DJ-K. 'Nuculana' 
oolitica (Soot -Ryen, 1 964). J. Hinge ofholotype, x 1 1 .2 .  DK. Lateral view of 
holotype, x5.7. DL. Tancrediopsis gotlandiea (Soot-Ryen, 1964) . Dorsal 
view of articulated speeimen, note opistodetic ligament, anterior ofshell to 
the right, RMMo 1 50326, X3 . 1 ,  Mulde Beds at Djupvik. DM. Tancrediopsis 
solituda (Soot-Ryen, 1964) .  Lateral left view of articulated specimen (ho-
10type), RMMo 1532 1 ,  x3 .3 , Mulde Beds at Djupvik. ON-O. Tancrediopsis 
gotlandica (Soot -Ryen, 1964). ON. Lateral right view of articulated speei
men (lectotype), RMMo 149880, x 1 .7, Mulde Beds at Djupvik. DO. Lateral 
right view of articulated specimen, L06265t, x l . ! ,  Mulde Beds at Mulde 
Brickyard. DP. Tancrediopsisgotlandicaor Tancrediopsissolituda. Hinge of 
right valve, RMMo 1 50278m x4.3, Visby Beds?, Fåra, locality unknown. 
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?Superfamily Nuculanacea Adams & 
Adams, 1 858 

?Family Malletiidae Adams & Adams, 
1 858 

Genus Tanerediopsis Beushausen, 1 895 

Synonymy. - Praectenodonta Philip, 1962, p. 226; Gotodonta 
Soot-Ryen, 1964, p. 502. 

Typespecies. - Gotodontagotlandica (Soot-Ryen, 1964) ,  origi
nal designation Nucula sulcata Hisinger, 1 84 1 ,  Pl. 40:2. 

Discussion. - When Beushausen ( 1 895, pp. 70, 94) proposed 
the new genus Tancrediopsis for the reception of some speeies 
previously induded in Ctenodonta 5. 5. Salter, 1852, he sug
gested two type species, viz. Ctenodonta contractaSalter, 1 859, 
(p. 37) and Nucula sulcata Hisinger, 1841 (Pl. 402a-b) .  

The first subsequent designation of one of these species as 
the type species of Tancrediopsiswas made byCossman ( 1 897, 
p. 94) who chose Ctenodonta contractaSalter, 1 859 [ (McAles
ter, 1963, considered the correct name of Ctenodonta con
tracta Salter to be Tancrediopsis cuneata (Hall, 1856) l .  How
ever, the original diagnosis of Tancrediopsis does not agree 
with the actual morphology of the type species chosen by 
Cossman but rather with that of Nucula sulcata Hisinger, 
1841  (non Bronn, 1 832) .  Consequently, Nucula sulcata 
Hisinger, 1 84 1 ,  is suggested to be the type species of 
T ancrediopsis. 

Soot-Ryen ( 1964, p. 504) pointed out that Nucula sulcata 
Hisinger , 1 84 1 ,  is a junior homonym of Nucula sulcataBronn, 
1832. And, since there were no available synonyms for this 
species, she renamed it Gotodonta gotlandica. Accordingly, 
the correct name of the type species of Tancrediopsis is Tan
crediopsis gotlandica (Soot -Ryen, 1964) .  

When Soot-Ryen ( 1964, p .  502) proposed the new genus 
Gotodonta, she was apparently not aware of the existence of 
Praectenodonta Philip, since she induded the very same spe
eies in Gotodonta as Philip did in his Praectenodonta. This 
suggestion is supported by the fact that some years after 1964, 
Soot -Ryen changed the labels of the specimens of Gotodonta 
gotlandica to Praectenodonta gotlandica, in the collections of 
the Museum ofN atural History, Stockholm. GotodontaSoot
Ryen, 1964, is regarded as a junior synonym of Tancrediopsis 
Beushausen, 1 895. 

The second subsequent designation of a type species of 
T ancrediopsiswas made by McLearn ( 1924) .  He chose as type 
species Tancrediopsis subcontracta Beushausen, 1 895, since 
this was actually the species upon which Beushausen based 
the diagnosis of the genus. Tancrediopsis subcontracta is, 
however, not valid as the type species of Tancrediopsis, be
cause it is preceded by Cossman' s designation of Ctenodonta 
contracta, in 1 897. 

Philip ( 1 962) considered Ctenodonta contracta and Nucula 
sulcata as fairlytypical for Ctenodonta, actually dosely resem-
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bling the type species Ctenodonta nasuta Hall, 1 847. He 
therefore regarded Tancrediopsis Beushausen as a subjective 
synonym of Ctenodonta Salter, 1 852. 

It may be true that Ctenodonta contracta does not differ so 
much from C. nasuta that its affiliation to another genus is 
justified. However, the second type species proposed by 
Beushausen, Nucula sulcata Hisinger, differs considerably 
from the typical Ctenodonta and thus warrants incorporation 
into another genus. Nucula sulcata Hisinger deviates from 
Ctenodonta 5.5. in being conspicuouslyrostrate posteriorly, in 
having a distinct umbonal ridge forming a depressed escutch
eon which reaches the postero-ventral margin, and finally in 
having a shell surface with a conspicuous growth pattern of 
concentric ribs. 

As a consequence of Cossman's unfortunate choice of 
Ctenodonta contracta as the type species of Tancrediopsis 
instead of Nucula sulcata, Philip ( 1 962, p. 226) erected the 
new genus Praectenodonta. He based his diagnosis of Prae
ctenodonta upon the two species Palaeoneilo raricostaeChap
man, 1908, and Palaeoneilo victoriaeChapman, 1908. Palaeo
neilo raricostae was established as type species by original 
designation (Philip, 1962, p. 226) .  

The diagnosis of PraectenodontaPhilip, 1962, p. 226, reads: 
'Rostrate forms . . .  with surface ornamentation of broadly 
spaced, strong growth lamellae', both features being diagnos
tic for Tancrediopsis Beushausen. The spacing of surface ribs 
may be regarded as specific and not generic characteristic. 
However, since the main characteristics for Praectenodonta 
are diagnostic for Tancrediopsis, Praectenodonta Philip is 
regarded as a junior synonym of Tancrediopsis Beushausen. 

Tanerediopsis gotland iea (Soot
Ryen, 1964) 
Figs. 1 1 : 1 7, 1 3 :7, 1 5, 26, 35L,  N-O, PC?)  
Synonymy. - Onon 1832 Nucula sulcata Bronn - Bronn, p. 
617 . 0 184 1  Nucula sulcata (Nob.)  - Hisinger, p. 66, Pl.40:2a, 
b. Onon 1867 Ctenodonta sulcata Hisinger - Murchison, p. 
530. 01880 Ctenodonta sulcata Hisinger - Lindstrom in 
Angelin & Lindstrom, p. 18 .  0 1 895 Tancrediopsis sub
contracta Beushausen - Beushausen, p. 94, Pl. 8: 14-16.  
0 1 895 Ctenodonta sulcata Hisinger - Beushausen, p. 70. 
0 192 1 Ctenodonta sulcata (Hisinger) - Hede, pp. 48, 95. 
01964 Gotodonta gotlandica nom.nov. - Soot -Ryen, p. 504, 
Fig. 3 :5-7. 

Lectotype. - RMMo 14988, Fig. 35N. 

Type stratum. - Mulde Beds, Late Wenlockian. 

Type locality. - Djupvik l ,  Gotland. 

Material. - More than 200 specimens. 

Emended diagnosis. - Shell medium-sized, posterior extrem
ity almost rostrate (Fig. 35N-O);  beaks small, opisthogyrate 
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(Fig. 35L), sharp posterior umbonal ridge, distinct lunule 
with external opisthodetic ligament (Fig. 35L) ; shell surface 
with concentric ribs; subequal hinge plates (Fig. 35P), hinge 
teeth continuous below beak. 

For a detailed description see Soot-Ryen ( 1964, pp. 504-
505) .  

Dimensions. - Lectotype length 15.5 mm, height 8 .2  mm, 
width 5.6 (both valves) .  HIL = 0.53, W IL = 0.36 (both valves) .  

Remark. - Tancrediopsis gotlandiea has a conspicuous exter
nal ligament in the short part of the valve, which furthermore 
is rostrate, suggesting this part to be posterior. 

Discussions of closely related forms are accounted for by 
Soot-Ryen ( 1 964, pp. 503-505) .  

Occurrence. - Wenlockian Upper Visby Beds at Vialms, Fler
inge, Liksarve Tofta; Slite Beds on Fåra; Mulde Beds at 
Djupvik 1, Gotland. 

Tancrediopsis solituda (Soot -Ryen, 1964) 
Figs. 1 1 : 1 8, 1 3 : 1.. 15 ,  26 ,  35M, pr?)  

Synonymy. - o 1964 Gotodonta solituda n.sp. - Soot -Ryen, p. 
507, Fig. 3 :8 .  

Holotype. - RMMo 1539 1 ,  a complete, articulated specimen 
preserved as recrystallized calcite, Fig. 35M. 

Material. - Only the holotype. 

Type stratum. - Mulde Beds, Late Wenlockian. 

Type locality. - Djupvik 1 ,  Gotland. 

Diagnosis. - Shell small, posterior extremity almost rostrate; 
beaks small, slightly opisthogyrate, sharp posterior umbonal 
ridge; ventral margin slightly sinuated in posterior end; no 
lunule; external opisthodetic ligament; shell surface with 
coarse concentric lamelliform ridges. 

For a detailed description, see Soot-Ryen ( 1964, p. 507) .  

Dimensions of holotype. - Length = 1 3 .6 mm, height = 
7.6 mm, Width = approximately 3.0 mm (one valve) ,  HIL = 
0.56, W/L = 0.22 (both valves) . 

Remark. - Tancrediopsis solituda has a conspicuous external 
ligament in the short part of the valve, which furthermore is 
rostrate, suggesting this part to be posterior. 

Tancrediopsis solituda differs from T. gotlandiea in having a 
much coarser and wider spaced sculpture. 

Occurrence. - Wenlockian Slite Beds at Biskops, and Bolarve 
hillar, and Mulde Beds at Djupvik 1 ,  Gotland. 

Subclass Isofilibranchia Iredale, 1939 

Emended diagnosis. -Equivalve to subequivalve, inequilateral, 
generallybyssate, opisthodetic elongate ligament, hinge eden-
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tulous or with one or several cardinal teeth, no lateral teeth, 
anisomyarian musculature (emendation in italics) .  

Order Mytiloida Ferussac, 1 822 

Diagnosis. - Same diagnosis as the subclass. 

Superfamily Mytilacea Rafinesque, 1 8 15 

Diagnosis. - Same as Isofilibranchia and Mytiloida 

Family Modiomorphidae Miller, 1 877 

Diagnosis. - Modioliform and goniophoriform mytilaceans 
with expanded posterior end, no resilial ridge to support 
ligament. 

Subfamily Modiomorphinae 
n.subf. 

Diagnosis. - Modiomorphidae with hinge teeth. 

Type genus. - Modiomorpha Hall, 1 869 

Genera. - Aleodonta n.gen.; Callodonta Isberg, 1934; Colpo
mya Ulrich, 1 893; Eurymyella Williams, 1 9 12;  Goniophora 
Phillips, 1 848; Mimerodonta n.gen.; Modiolodon Ulrich, 
1893; Modiomorpha Hall, 1 869; and Radiatodonta Dahmer, 
192 1 .  

Genus Modiodonta Liljedahl, 1989 

Systematie position. - The most closely related genus seems to 
be Colpomya Ulrich, 1 893, which differs from Modiodonta in 
having a characteristic subrhomboidal shape with sharp an
terior and posterior umbonal ridges separated by a conspicu
ous mesial depression and a distinctly sinuated ventral mar
gin. Mimerodonta and Aleodonta also seem to be closely 
related. From these, Modiodonta differs as follows. Modio
donta has closely fitting dorsal margins, a convex hinge line, 
a true hinge plate with one cardinal tooth in the right valve and 
a socket in the left. Aleodonta has overlapping dorsal margins 
and lacks hinge plate in the ordinary sense, while Mimero
donta has a straight hinge line, lacks hinge plate and has one 
cardinal tooth and two shallow sockets in the right valve and 
one deep socket flanked by two tooth-like reinforcements in 
the left. 

Other modiomorphid genera differ more from Modio
donta. Thus, ModiomorphaHall & Whitfield, 1 869, possesses 
a conspicuous external diagonal sulcus. The resulting sinuous 
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Fig. 36. Suggested phylogeny of the Palaeozoic Isofllibranchia with ex
amples of typical genera of each family (partly after Pojeta 1985) .  

ventral margin contrasts markedly against the convex one of 
Modiodonta. The hinge of Modiomorpha consists of a robust 
tooth in the left valve, while the hinge dentition of Modio
donta is a tooth in the right valve. 

Modiodonta differs from Modiolodon Ulrich, 1893, by be
ing much smaller and more elongated and in having a more 
pronounced umbo and umbonal ridge. Modiodonta has one 
tooth in the right valve only, while Modiolodon exhibits 1-3 
teeth in each valve. 

Since Modiodontais characterized bya distincthinge tooth, 
it is easily distinguished from all edentulous forms, such as 
Modiolopis Hall, 1 847, and Whiteavesia Ulrich, 1893. 

Type and only speeies. - Modiodonta gothlandiea (Hisinger, 
183 1 ) .  

Emended diagnosis. - Equivalve, inequilateral, diagonally 
subelliptical, margins fitting; more or less prominent um
bonal ridge, beaks subanterior, shell surface smooth with 
irregular concentric growth lines; no escutcheon, lanceolate 
lunule; internal linear ligament; dorsal margin entire below 
beak; convex hinge line; moderately strong hinge plate with 
one cardinal tooth in right valve, corresponding socket in left; 
anterior adductor musde scar deep, smaller than posterior 
one, a number of accessory musde scars in anterior region, 
one of which is the impression of a strong byssal-pedal 
retractor; generallywith conspicuous posterior byssal-pedal 
retractor in hypertrophied posterior adductor musde scar; 
integripalliate. 

Modiodonta gothlandica (Hisinger, 1 83 1 )  
Figs. 1 9A, F, 23: 1 ,  27, 37A-G, 38 

Synonymy.- 0* 1827 Mytilus - Hisinger, p. 323, Pl. 7:7. 
Ov* 1828 Mytilus Linn. - Hisinger, p. 220, Pl. 7:7. 0 183 1a  

Orthonota 

7 Anomalodesmata �:....:..:.::=.:::.:..:.:.�=-- - - - - - - > 
Pholadomya 

Rhytimya 

_ _ _ _ _ _ _____ M�y�t_i l a_c_e_a __ �>� 

Modiola gothlandica H. - Hisinger, p. 1 1 7. 0 1 83 1b Modiola 
gothlandieaH. -Hisinger, p. 15 .  Ov* 1 837 Modiola? Nilssoni 
Hisinger, pp. 6 1 ,  123, Pl. 18 : 13 .  0? 1839 Modiola antiqua 
Sowerby, p. 628, Pl. 13 : 1 .  0 1 840 Modiola Nilssoni His. 
Hisinger, p. 63. 0 1 84 1  Modiola? Nilssoni His. - Hisinger, p. 
56. O? 1855 Modiolopsis Nilsoni (His. sp. )  - McCoy, p. 267, Pl. 
1I :2 1 .  Onon 1 865 Modiolopsis Hall Nilssoni His. - Kjerulf, p. 
I l , Fig. 27. Onon 1 880 Modiolopsis Nilssoni His. - Lindstri:im, 
in Angelin & Lindstri:im, p. 59, Pl. 19 :5,6. Onon 1 880 Ptycho
desma Nilssoni Hisinger - Lindstri:im, in Angelin & Lind
stri:im, p. 18 .  Pl. 2:2 1 ,22. 0? 1882 Ptychodesma Gothlandicum 
His. - Lindstri:im, p. 18 .  0?1885 Ptychodesma Gothlandicum 
His. - Lindstri:im, p. 12 .  0?1888 Ptychodesma gothlandicum 
His. - Lindstri:im, p. 12 .  O?non 192 1  Modiolopsis Nilssoni 
(His . )  - Hede, pp. 5 1 ,  95. O?non 1 92 1  Modiolopsis Nilssoni 
(His.) - Hede, pp. 20, 2 1 ,  54. Onon 1929 ModiolopsisNilssoni 
Hisinger - Quenstedt, pp. 40-46, Pl. l :22-25. 0 1 989 Modio
donta gothlandica (Hisinger, 1 83 1 )  - Liljedahl, pp. 3 1 3-3 18 ,  
Figs. 1-5. 

Holotype. - Internal mould of an articulated specimen with 
slightly opened valves, RMMo 149878 (Fig. 37D, G) .  Origi
nally figured by Hisinger 1 827, Pl. 7:7. 

Type stratum. - Mulde Beds, Wenlockian. 

Type loeality. -Eksta Parish, Djupvik (for the extent ofthis old 
composite localitydesignation, see Jaanusson 1986, p. 13 ,  14) .  

Material. - Fifteen internal moulds of articulated specimens, 
two articulated specimens, and one single valve with pre
served shell. 

Diagnosis. - Shell medium-sized (maximum length ca. 
30 mm),  subelliptically elongate (Fig. 37B, F-G) with promi
nent oblique umbonal ridge having sulcus at proximal part of 
umbo (Fig. 37B) ,  beaks prosogyrate, dose together; length 
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almost twice the height; strong hinge plate with a single robust 
cardinal tooth in rightvalve, corresponding socket in left (Fig. 
37 A, C, E);  deep anterior adductor musde scar (Fig. 37 A, C) 
smaller than posterior scar; one deep anterior byssal-pedal 
retractor musde scar and several additional scars in umbonal 
region (Fig. 37A, C, E) .  

Deseription. -For description, see Liljedahl ( 1 989) .  L = 19.7-
30.6 mm; UH = 1 .85; H/2W = 1 .99. 

Comparisons. - Modiodonta gothlandica differs from ?Colpo
mya audae and ? Colpomya lokei in having raised dorsal mar
gins' a less pronounced anterior lobe, and an evenly rounded 
posterior end. 

Modiodonta gothlandica differs from Colpomya hugini by 
its less pronounced anterior lobe, more rounded lateral out
line, and larger size. 

Modiodonta gothlandica differs from ?Colpomya balderiby 
its more elongate shape and slightly more accentuated Uill
bonal ridge. 

Superficially Modiodonta gothlandica also resembles a 
number of modiomorphids with unknown interior. For 
example, Modiolopsis? consimilis Ulrich 1 897 (Pl. 42: 1 7) from 
the Ordovician of Minnesota resembles Modiodonta goth
landica in lateral outline but is shorter , more gibbous, and has 
its maximum convexity at mid-Iength of the shell. 

The Wenlockian Modiola antiqua Sowerby ( 1 839, p. 628, 
Pl. 1 3 : 1 )  is shorter than Modiodonta gothlandiea, has an 
undefined umbonal ridge, straight posterior dorsal margin 
and a sinuous ventral margin. 

McCoy ( 1 855, p. 267, Pl. lI :2 1 )  described and illustrated 
Modiolopsis nilssoni (Hisinger ) from the Ludlovian ofBritain. 
It differs externally from Modiodonta gothlandiea in being 
decidedly shorter and in having a faint sinus in the middle of 
the ventral margin, an undefined umbonal ridge, a long, 
almost straight posterior dorsal margin and a less developed 
umbo than Modiodonta gothlandica. 

Kjerulf ( 1 865, p. I l , Fig. 27) reported Modiolopsis nilssoni 
(Hisinger ) from the Middle Ordovician ofN orway and com
pared it to one specimen illustrated by Hisinger ( 1 837, Pl. 
18 :  l3 ) .  That specimen, however, is not Modiodonta gothland
iea (see Liljedahl 1989). He also referred to Modiolopsis 
modiolaris (Conrad) with which his specimen seems to be 
more dosely related, judging from the external features. 

Quenstedt ( 1 929) described Modiolopsis Nilssoni Hisinger 
from Upper Silurian deposits of Spitsbergen. He stated that 
the hinge apparently was edentulous and the muscular im
pressions weak. In three of the Spitsbergen specimens there is 
a distinct sinus in the ventral margin. 

Eeology and habitat. - Modiodonta gothlandica exhibits char
acteristics typical of endo-byssate bivalves, e.g., elongate com
pressed shell, reduced anterior end, maximum convexity 
above mid-height, and both posterior and anterior byssal 
retractor musde scars. The angle between the line through the 
ligament and that passing through the centre ofboth adduc-
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tor musde scars is almost the same as in the Recent Modiola 
demissus (cf. Stanley 1972, p. 1 70, Fig. 3 ) .  The hypertrophy of 
the posterior adductor musde scar, containing the impres
sion of a posterior byssal retractor (Fig. 19F, 37F) ) is not as 
pronounced as in the extant epibyssate Mytilus edulis or even 
in the endobyssate Modiolus modiolus, Modiolus demissus, 
and Braehidontes eitrinus (cf. Stanley 1972, Fig. 4) .  Thus, the 
posterior byssal retractor musde scar of Modiodonta goth
landicais situated more posteriorlythan that of, e.g., Modiolus 
demissus and seems to have been furnished with a byssus of 
less strength. Extantendobyssate mytilids have a reduced foot 
and are not true burrowers (Stanley 1 972, p.  1 7 1 ) .  

However, Modiodonta gothlandiea also shows similarities 
to active burrowing species. I ts anterior adductor musde scar 
is comparatively larger than that of extant endobyssate myti
lids. Modiodonta gothlandica exhibits an elaborate pattern of 
pedal musde scars, induding such of anterior pedal protrac
tors and retractors as well as pedal elevators (Fig. 38) .  

Accordingly Modiodonta gothlandiea exhibits morpho
logical characteristics typical for both endobyssate and active 
burrowing forms. It is therefore suggested to have been an 
endo-byssate filter feeder while retaining an ability to be an 
effective burrower. 

Another feature supporting the assumption of an active 
mo de oflife for this species is the distribution of the 'quick'
and 'catch' portions of the adductor musde scars (See 'Mor
phology of the modiomorphid shell', section on muscula
ture) .  In this species the 'quick' portion dominates (Fig. 19F), 
indicating the ability of rapid do sure of the valves. 

All specimens of Modiodonta gothlandiea except one are 
articulated and were isolated from a strongly argillaceous 
calcilutite. The original sediment was a carbonate mud mixed 
with terrigenous day, probablyrepresentingthe natural habi
tat of this species. 

Filter-feeding bivalves living in such a fine-grained sedi
ment require a stable life position with the posterior part of 
the shell (where the inhalent and exhalent openings are 
situated) well above the sediment surface, to prevent dogging 
of the gills. An elongate shell like that of Modiodonta goth
landica could have achieved that by byssal fixation (Fig. 38B; 
cf. the extant endobyssate Modiolus amerieanus anchored to 
larger partides in fine-grained sediments - Savazzi 1984, p. 
309, Text-fig. 1C) .  

Oeeurrence. - Wenlockian (Sheinwoodian) Slite Beds at 
Sanda; (Homerian) Mulde Beds at Djupvik, Gotland. 

Genus Colpomya Ulrich, 1 893 

Type speeies. - Colpomya constrieta Ulrich 1 893, p. 659, Pl. 
52: 1 7-19, from the middle Ordovician (Shermanian) of 
North America. 

Speeies. - Colpomyaeonstricta Ulrich, 1 893; C. dem issa Ulrich, 
1 893; C. hugini n.sp.; C. munini n.sp.; ?C. heimeri n.sp.; ?C. 
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Fig. 38 .  Modiodonta gothlandica (Hisinger, 1831 ) .  A. Maximum number of museular imprints in order of size. 1 .  Posterior adduetor muscle sear. Note 
hypertrophied dorsoanterior part depieting a byssal retraetor muscle sear, 2 .  Anterior adduetor muscle sear with pedal aeeessory muscle sears, 3 .  Anterior 
byssal-pedal retraetor muscle sear, 4. Pedal elevator muscle sear, 5-7. Pedal aeeessorymuscle sears. B. Reeonstruetion of the foot and its muscles and suggested 
life position. 

vaki n.sp. ; ?C balderin.sp.; ?C ranaen.sp.; ? C lokei n .sp . ; ? C  
friggi n.sp.; ? C  audae n.sp.; possibly C concors Reed, 1927. 

Emended original diagnosis (Ulrich, 1894, p. 522) .  - Shell 
subelongate, oblique, equivalve to subequivalve, inequilateral, 
subrhomboidal or oval in outline, widest posteriorly, mesial 
sulcus normally pronounced, causing a flattening of the 
umbones and a sinus in ventral margin, umbonal ridge more 
or less prominent: hinge plate straight, thin posterior to beak, 
strong anterior to beak, hinge of right valve consisting of a 
cardinal tooth fitting into depression of left, posterior and 
anterior of this depression in the left valve is a generally 
conspicuous, strong process which is partly received in a 
shallow socket at the anterior side of the tooth in the right 
valve: anterior adductor muscle scar deep, smaller than posterior 
one, a number of accessory muscle scars in anterior region, one 
ofwhich being the impression of a strong byssal-pedal retractor, 
generally with conspicuous posterior byssal-pedal retractor in 

Fig. 37. OA-G Modiodonta gothlandica (Hisinger, 1 8 3 1 ) .  DA. Dorsal view 
of internal east of artieulated specimen showing museular and hinge 
impressions in anterior part, RMMo 24942, x5.3.  DB. Lateral view ofleft 
valve of artieulated speeimen, RMMo 24939, x2.5. OC Dorsal view of 
internal east of articulated speeimen showing museular and hinge impres
sions in the anterior part, RMMo 24944, x4.2. OD. Dorsal view ofinternal 
east of slightly opened artieulated specimen, anterior facing right (holo
type), RMMo 149878, x2.6. (figured in Hisinger 1 827, Pl. 7:7; 1 828, Pl. 
18 :3 ) .  DE. Dorsal view of internal east of artieulated specimen, anterior 
facing left, same specimen as in C, x3. 1 .  OF. Lateral view ofinternal east of 
artieulated specimen, note pallial line and also hypertrophied posterior 
adduetor muscle sear (arrow), anterior faeing left, RMMo 24942, x 1 .9. 
OG. Lateral view of holotype, anterior faeing right, x2.3 .  (figured in 
Hisinger 1 827, Pl. 7:7; 1 828, Pl. 18 :3 ) .  OH-L. Colpornya hugini n.sp. OH. 
Dorsal exterior view of artieulated specimen, anterior facing left, note right 
valve being more convex than left, RMMo 25434, x4.8. DI. Dorsal external 
view of artieulated speeimen, anterior facing right, note epibionts on shell, 
RMMo 25435, x5.0. O]. External lateral view of left valve of artieulated 
specimen, RMMo 2543 1 ,  x3.6. DK. External lateral view of left valve of 
artieulated speeimen, RMMo 25436, x4.5. DL. External lateral view of 
right valve of artieulated specimen, RMMo 25432, x4.5. All specimens 
from the Wenloekian Mulde Beds at Djupvik, Gotland. (See Fig. 19 for 
explanation of museular impressions. ) 

hypertrophied posterior adductor muscle scar; integripalliate. 
(Italics denote emendations.) 

Colpomya hugini n.sp. 
Figs. 1 6A, 1 7A, 19B, 23:2, 27, 37H-L, 39--40 

Synonymy. - 0 192 1 Modiolopsis nilssoni (Hisinger) - Hede, 
pp. 5 1 ,  55. 0 1927b Modiolopsis nilssoni (Hisinger) - Hede, 
pp. 20, 2 1 ,  54. 

Derivation of name. - After one of the old Scandinavian god 
Woden's two ravens, Hugin, meaning Thought. 

Holotype. - A right valve, RMMo 254 1 1 .  

Type stratum. - Mulde Beds, Homerian, Wenlockian. 

Material. - About 300 specimens, most of which are articu
lated. 

Diagnosis. - Shell small, slightly inequivalve, normally right 
valve more convex than left, moderately inflated, conspicu
ous umbonal ridge more pronounced in right valve, sulcus in 
proximal part of umbonal ridge, no lun ule; hinge plate with 
a single robust cardinal tooth in right valve and correspond
ing socket in left; strong anterior pedal-byssal retractor 
musde scar. 

Externalfeatures. -Shell small (maximum length ca. 16 mm), 
obliquely subovate (Figs. 37J-L, 1 7J) ,  inequilateral, moder
ately compressed (Fig. 37H-I) ,  margins even, dosely fitting, 
total length of shell about l Y2 of total height; shell surface 
smooth with irregular, faint concentric growth lines; beaks 
subanterior, small, dose together, prosogyrate, not raised 
above commissure plane, slightly above dorsal margin; um
bonal ridge more defined in right valve; maximum convexity 
at about mid -length and slightly above mid -height of shell; no 
escutcheon; no lunule; dorsal margin slightly convex to al
most straight; anterior margin short, narrow and abruptly 
convex to almost pointed; posterior margin rounded, poste
rior end sometimes truncated: ventral margin long, slightly 
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Fig. 40. Co/pornya hugini n.sp. DA. Maximum number of  museular imprints in  order of  size. I :  Posterior adduetor muscle sear. Note hypertrophied 
dorsoanterior part depieting byssal retraetor muscle sears. 2: Anterior adduetor muscle sear. 3--6: Pedal aeeessory muscle sears. 4: Pedal elevator muscle sear. 
7: Anterior byssal-pedal retraetor muscle sear. DB. Suggested life position. 

convex, often almost straight; total length of shell of studied 
speeimens 5-1 6  mm; UH = 1 .59; H/2W = 1 . 79. 

Internal features. - Hinge line convex; dorsal margin entire 
below beak; ligament groove along dorsal margin (Fig. 39A
H, K) ; hinge plate strong, in right valve consisting of a single 
strong, triangular cardinal tooth in anterodorsal-postero
ventral direction below and just posterior to beak (Fig. 39C
D, F, K); in left valve consisting of a deep triangular socket at 
the dorsal margin (Fig. 39A-B, E); posterior part of dorsal 
margin housing a conspicuous gro ove along and dose to the 
shell margin, posterior to and originating from beak, extend
ing to posterior part of dorsal margin; large, subquadrangular 
posterior adductor musde scar with jagged anterior limita
tion, often with distinet growth lines (No. 1 in Fig. 40A) ; 
extraordinarily deep subcircular anterior adductor musde 
scar of moderate size, often with growth lines (No.2 in Fig. 
40A) ; one deep, elliptical scar between anterior adductor 
musde scar and umbonal cavity, dose to the hinge line (No.3 
in Fig. 40A) ; one deep, lanceolate scar in bottom of umbonal . 
cavity (NoA in Fig. 40A) ; one minute, circular scar dose to 
and dorsal to the anterior adductor musde scar (No.s in Fig. 

Fig. 39. Co/pornya hugini n.sp. DA. Hinge of left valve. Note absenee of 
lateral teeth, RMMo 25416, x9. 1 .  DB. Hinge of left valve, note ligament 
groove (arrows) ,  RMMo 254 1 8, x I2.5 .  C. Hinge of right valve, RMMo 
25412 ,  x I 2.0. OD. Hinge of right valve, RMMo 25413 ,  x I 4.3 .  DE. Hinge 
ofleft valve, RMMo 254 1 7, x 12.2 .  OF. Hinge of right valve, RMMo 254 1 1 
(holotype), x I 5.3 .  OG. Hinge ofleft valve, note ligament groove (arrow) , 
RMMo 254 1 5, x 1 4.9. OH. Lateral view of disloeated artieulated speeimen 
showing insertion area for the ligament (arrows) ,  anterior faeing left, 
RMMo 25419 ,  x 10 .4. DI. Lateral view of internal east of articulated 
speeimen showing museular impressions of right valve, RMMo 25420, 
x3.7.  OJ. External lateral view of artieulated speeimen, RMMo 25433, 
x I O.O. DK. Hinge of right valve, note ligament groove (arrows) ,  RMMo 
254 14, x I 2.0. All spee imens from the Wenloekian Mulde Beds at Djupvik, 
Gotland. 

40A) ; 2-4 additional minute scars in umbonal cavity in an 
anterior position (Nos. 6-9 in Fig. 40A); pallial line non
sinuate, runningfrom ventroposteriorend ofanterior adduc
tor musde scar to ventralmost end of posterior adductor 
mus de scar (Figs. 391, 40A) . 

Rernarks. - The shell shape of Colpornya hugini changes with 
size, the smallest speeimens being less ovate (Fig. 37L) than 
the large ones (Fig. 371) . The length/height (UH) ratio of 47 
speeimens ranges from 1 .27 to 2.02 (average 1 .59) .  In general 
outline the largest speeimens of C. hugini exhibit a straight 
ventral margin while the smallest shells have a more rounded 
shape with a convex ventral margin. 

In some shells the umbonal ridge is conspicuous, causing a 
flattening of the umbones and a slight sinus in the ventral 
margin (Fig. 371) . 

Cross sections of articulated specimens show calcified rem
nants of the ligament (Fig. 17 A), possibly being the inner 
ligament layer (see 'Morphologyofthe modiomorphid shell' : 
cf. Owen et al. 1953). Although laeking ligament ridges, the 
ligament resembles that of Mytilus edulis (cf. Trueman 1950, 
pp. 227-228, Figs. 3-4) .  

The general arrangement of the museular imprints of the 
present speeies is almost identical to that in e.g., Modiodonta 
gothlandica (cf. also similar museular pattern of Aleodonta 
burei herein) . It is also reminiscent of the principal museular 
pattern of living Mytilacea. The hypertrophied posterior 
adductor musde scar most probablyis homologous with that 
of a posterior byssal-pedal retractor of extant mytilids, al
though not being as pronounced as in, e.g., the Recent 
Modiolus rnodiola and Mytilus edulis (cf Newell 1942, p. 30, 
Fig.6) .  Scar No. 3 in Fig. 40A of Colpornya hugini is heavily 
incised, elongate and conspicuouslyenlarged, compared with 
the remaining scars in the umbonal region. I suggest that it is 
the scar of a byssal retractor. 
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Comparisons. - Colpomya hugini seems to be most dosely 
related to C. munini, from which it differs in having a more 
reinforced anterior part of the hinge plate, a thinner dorsal 
margin posterior to the beak, and alower umbo. C. huginialso 
has more raised dorsal margins, less conspicuous diagonal 
sulcus, and a less pronounced ventral sinus than C. munini. 

Colpomya hugini differs from ?C. audae as follows. In the 
right valve of C. hugini the entire hinge tooth is situated below 
and posterior to the beak, and the hinge is more reinforced in 
its anterior part, while in ?C. audae part of the hinge tooth is 
just below the beak. The socket of the left valve of C. hugini is 
deep and situated posterior to the beak, while in ?C. audae it 
is shallow and placed anterior to the beak. The length/height 
ratio of the mostelongated specimen of C. hugini is 1 .66, while 
in ?C. audae it ranges from 1 .90 to 2.24, i.e. ?C. audae is 
characteristically more elongated than C. hugini. 

Colpomya hugini differs from the type species of the genus, 
C. constricta Ulrich from the Ordovician ofN orthAmerica, in 
having a less pronounced tooth in the right valve and a less 
conspicuous protrusion in the anterior part of the hinge plate 
of the left one. The mesial depression is more pronounced in 
C. constricta than in C. hugini. 

Colpomya demissa Ulrich 1894, p. 524, Pl. 36:2 1-22, has a 
pronounced triangular shell shape and a more conspicuous 
mesial sulcus and sinuated ventral margin than C. hugini. The 
internal features of C. demissa are unknown. 

Modiolopsis nilssoni (Hisinger ) in McCoy ( 1 855, Pl. 1 , 1 :2 1 )  
resembles the most elongate specimens of Colpomya huginiat 
hand in gross shell shape but differs in exhibiting a pro
nounced umbonal ridge and a low umbo. Its interior is 
unknown. 

Modiolopsis rigida Hall 1 883 (illustrated in Hall 1 885, Pl. 
4 1 : 1 5) have similar external appearance as Colpomya hugini, 
but its interior is unknown. Corallidomus versaillensis (Miller, 
1874) ,  illustrated by Miller ( 1 889, p. 49 1 ,  Fig. 855),  Pojeta 
( l971 , PI. 14:5) and Frey (unpublished thesis, Pl. 12:4-9) ,  also 
shows similarities to Colpomya hugini in external features but 
has an edentulous hinge. 

Gross shell shape of Colpomya hugini is similar to that of the 
edentulous Aristerella nitid ula Ulrich ( 1897, p. 524, Pl. 35:30-
39) except for its larger umbo. 

Some species assigned to the edentulous Modiolopsis Hall 
show similarities in shell shape to Colpomya hugini, e.g., 
Modiolopsis excellens Ulrich ( 1 897, p. 54, Pl. 36: 13 )  and 
Modiolopsis veteraniBarrande ( 1 88 1 ,  Pl. 259, HI:20) , but both 
these species have a slightly more rounded ventral margin 
than Colpomya hugini. 

Modiolopsis leightoniWilliams ( 1 913 ,  Pl. 29:7-10) is longer 
in relation to its height than is Colpomya hugini. 

Modiolopsis parva Ulrich ( 1 890, pp. 28 1-282) has incon
spicuous beaks, is more compressed, has a straight hinge line, 
and an anterior margin that meets the dorsal margin at almost 
right angles. 

The internal features of these species of Modiolopsis are 
unknown. 

FOSSILS AND STRATA 33 ( 1 994) 

Ecology and habitat. -The shell of Colpomya hugini exhibits a 
number of external characteristics typical of both infaunal 
and epifaunal life habits, respectively. Its shell is streamlined, 
i.e. elongate, slightly inflated, with small beaks and a smooth 
shell surface, thus seemingly adapted either to active burrow
ing infaunal habitat or to epifaunal life in turbulent water. 

However, since Colpomya hugini probably also had a bys
sus (see below) , it was not likely an active burrrower. Further
more, the inequivalved condition may indicate either low
angle fixation to the substrate (cf. Stanley 1972, p. 1 86, on the 
life habit of slightly similar, inequivalved pterineids) or a 
nestling, epibyssate life habit. 

The diagonal umbonal ridge in, e.g., Modiolus and Mytilus 
channels the water to pass over the inhalent opening (pos
teroventrally) and over the exhalent opening (posterodor
sally, Newell l969, p. N: 144, Fig. 88) .  The umbonal ridge of 
Colpomya hugini is better defined in the right valve. Thus, if 
the animal was fixed at a low angle with the left valve dose to 
the substratum, the more developed umbonal ridge of the 
right valve may have channelled the water-flow more effi
ciently than would have been the case with the left valve up. 

Colpomya hugini is also suggested to have had relatively 
strong byssal retractor musdes, and thus attached with byssal 
treads of correspondingstrength. It seems as ifthis bivalvewas 
resting on one valve in a low-angle, semi-infaunal way (Fig. 
40B) .  It mayalso, however, have been fixed to sea-weed, coral 
stocks or similar structures. The juveniles, however, being 
more vulnerable to environmental forces and predators if 
situated above the sediment, had notyet achieved the straight 
ventral margin of the adult. Instead, in being rounded, the 
juvenile shell had a shell form better suited for burrowing. 
Accordingly, the juveniles may have lived within the sedi
ment, in an infaunal position (cf. juveniles of Modiolus ameri
canus who live entirely buried, while the adults have their 
posterior margin above the sediment surface, in Stanley 1972, 
p. 1 7 1 ;  cf. also shell form of the earliest nepiontic stages of 
Recent A vicula sterna and Perna epihippium, both byssally 
attached when adult but lackingthe conspicuous byssal notch 
when juvenile, in Jackson 1890, p. 328) .  

One well preserved, articulated specimen of Colpomya 
huginihas 1 3  Spirorbis-liketubes attached (6 0n the rightvalve 
and 7 on the left, Fig. 371) . The presence of filter-feeding 
epibionts scattered all over both valves of an articulated 
bivalve specimen indicates: ( 1 )  that the epibionts were most 
likely attached while the bivalve was alive; and (2) that the 
bivalve individual was epifaunally attached to an object at 
some distance above the sediment surface (probablya floccu
lar mud) . As argued above, however, this species may also 
have been endobyssate, lying on one valve in a low angle 
fixation (redining) . In such a position, filter feeding epibionts 
may grow also on thevalve facing the sediment (Savazzi 1984, 
p. 3 1 3, Text-fig. 1C) .  

Occurrence. - Wenlockian (Homerian) Mulde Beds at Djup
vik, Gotland. 
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Fig. 41 .  Colpomya munini n.sp. DA. External lateral view of right valve, RMMo 78 1 8 15 ,  x3 .3 .  Valar 1 .  DB. Hinge of right valve (holotype) . Note ligament 
groove (arrows), RMMo 1634 1 ,  x5.3 .  Burgsvik. De. External lateral view ofleft valve, RMMo 1 52564, x3.5 .  Vicinity ofBurgsvik. DO. External ventrai view 
of right valve (same as A). Note twisted ventraI margin, x4.5. DE. Hinge ofleft valve, RMMo 1 52466, x4.7. Vicinity of Burgsvik. OF. Hinge of right valve, 
RMMo 79 1 8 15 ,  x4.5. Burgsvik. OG. Hinge of right valve, LO 629 1 ,  x 1 1 .2. Valar 1 .  Ali localities represent the Whitcliffian Burgsvik Beds of Gotland. 

Colpomya munini n.sp. 
Figs. 23:3,  2 5 ,  2 7 ,  4 1  

Derivation of name. - After one of  the old Scandinavian god 
Woden's two ravens, Munin, meaning Memory. 

Holotype. - A right valve, RMMo 1634 1 .  Fig. 4 1B. 

Type stratum. - Burgsvik Beds, Ludlovian. 

Type locality. - Burgsvik, Gotland. 

Material. - About 20 speeimens. 

Diagnosis. - Shell small, subequivalve, obliquely subovate, 
slightly compressed, twisted ventral margin, conspicuous 
umbonal ridge and sulcus, beaks medium-sized, hinge plate 
with a small cardinal tooth in right valve and shallow socket 
in left. 

Externalfeatures. -Shell small (maximumlength ca. 1 8  mm),  
subovate (Fig. 4 1A, C), slightly inequivalved, right valve 
slightly more convex than left, obliquely subovate, inequi
lateral, compressed, margins even, except for twisted ventral 
margin (Fig. 4 ID) ,  total length of shell about l � of total 
height; shell surface smooth with faint concentric growth 
lines and occasionally with irregular, conspicuous growth 
increment stops (Fig. 41A, C-D) ;  beaks subanterior, small, 
dose together, prosogyrate, not extending above sagittal 

plane; umbo well above dorsal margin; conspicuous um
bonal ridge and mesial depression originating from umbo, 
which is more pronounced in right than in left valve; maxi
mum convexity about mid-Iength and above mid-height of 
shell; no escutcheon; no lunule; dorsal margin long, convex; 
anterior margin short, narrow, almost pointed; posterior 
margin long, evenly rounded; ventral margin long, twisted; 
total length of shell in measured specimens 10.5-18 .8 mm (a 
14 .9 mm);  length/height = 1 .48-1 .88 (a 1 .69); heightl 
2xwidth = 1 .38; number of specimens measured = 3.  

Internal features. - Hinge line convex; hinge plate strong, in 
right valve containing a single, blunt tooth, slightly elongate 
in anterior-posterior direction below and immediately pos
terior to beak (Fig. 4 1B, F-G),  a corresponding socket (Fig. 
4 1E) in the left valve; no lateral element of hinge; dorsal 
margin holding one or two ligament grooves, one of which 
originating from the beak, and extending to posterior part of 
dorsal margin; no muscular impressions observed. 

Remarks - Ontogenetic differences may be seen in the growth 
of the ligament area, which in juvenile specimens consists of 
one ligament groove and in adult ones of two grooves. 

Comparisons. - Colpomya munini seems to be most dosely 
related to C. hugini (see discussion of this species) .  
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The Silurian North American Modiolopsis exilis Billings 
( 1 874, pp. 1 32-133, Pl. 8 :5) dosely resembles Colpomya 
munini in external features but differs in exhibiting a longer 
dorsal margin and in having a slightly crescent-shaped um
bonal ridge situated more dorsally. The shell sculpture of 
Modiolopsis exilisconsists ofregular, strong concentric ridges. 
Internal features of this species are unknown. 

Pulastra eomplanata Sowerby ( 1 839, p. 609, Pl. 5 :7) from 
the Silurian of Britain is also dosely reminiscent of Colpomya 
munini but differs in having a lower umbo, a longer dorsal 
margin, and a crescent-shaped umbonal ridge. The internal 
features of the British species are unknown. 

The Devonian North American Modiomorpha regularis 
Hall ( 1 885, p. 270, Pl. 35 : 1 2) from the Shoharie Grit, super
ficially resembles Colpomya munini in external features but 
differs in having a smooth umbonal ridge and dearly proso
gyrate beak, while the umbonal ridge of C. muniniis obliquely 
straight and the beak more prosogyrate. The internal features 
of Modiomorpha regularis are unknown. 

Modiomorpha tioga Hall ( 1 885, p. 29 1 ,  Pl. 40: 18)  and 
Modiomorpha subalata var. ehemungensis Hall ( 1 885, p. 284, 
Pl. 4 1 :5-7) ,  from the Devonian of North America, are both 
similar in shell shape to C. muninibuttheirhinge morphology 
is unknown. 

Ecology and habitat. - The specimens of Colpomya munini 
were found in oolitic limestone indicating a habitat with 
relatively high water energy and unstable, shifting bottom 
substrate. In Recent environments of this type, bivalves are 
either rapid burrowers in order to maintain a secure, buried 
life position, or they have thick shells which increases their 
stability (Stanley 1970, pp. 8 1-82) .  None of these characters 
are present in this species (cf. Fig. 23:3, where C. munini lies 
dose to the region of slow burrowing) . 

The twisted commissure plane of this species suggests a 
semi-infaunal, byssally attached, life position with the com
missure plane indined, perhaps in a manner similar to that in 
some species of the Recent Modiolus (Fig. 22B; see discussion 
in 'Functional morphology'; cf. Savazzi 1984) .  The inequi
valvity of Colpomya munini further supports the assumption 
of a low-angle life position. Probably, in this unstable envi
ronment, it was fixed with byssus treads to ensure a stable life 
position (Fig. 25) .  

Oeeurrence. - Ludlovian Hemse Beds at Linde klint (uncer
tain localitydetermination) , Burgsvik Beds at Burgsvik, Bob
benarve, Fide, Rovalds, and Valar l, Gotland. 

? Colpomya heimeri n.sp. 
Figs. 23 :4 ,  25, 27, 42E, F 

Derivation of name. - After the old Scandinavian name Hei
mer, meaning 'home'. 
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Holotype. - A left valve RMMo 1 52419 .  Length = 36.3 mm, 
height = 17.4 mm, width = 5.8 mm; LlH = 2.09, W/L = 0. 16. 
Fig. 20E, F. 

Type stratum. - Burgsvik Beds, Whitdiffian, Ludlovian. 

Type locality. - Gansviken, Gotland. 

Material. - About 10 specimens and fragments. 

External features. -Shell medium -sized (maximum length ca. 
46 mm),  diagonally subrectangular (Fig. 42E), inequilateral, 
moderately compressed, posterior diagonal ridge extending 
from umbo to posteroventral extremity; margins even, shell 
surface with conspicuous growth-stop increments; beaks 
subanterior, prosogyrate, dose together , slightly above dorsal 
margin; maximum convexity about mid-length and about 
mid-height of shell; no lunule; no escutcheon; dorsal margin 
slightly convex; anterior margin short, abruptly rounded; 
posterior margin long, rounded; ventral margin long, slightly 
concave, almost straight, in juvenile stages slightly convex; 
largest specimen about 46.5 mm long and 19.0 mm high. 

Internal features. - Hinge line slightly convex, hinge plate of 
left valve with diagonal socket (Fig. 42F) .  No other features 
observed. 

Comparisons. - See ?Colpomya lokei and ? C.  audae. 

Ecology and habitat. - This species has a shell shape suitable 
for rapid burrowing (Fig. 23:4) . It shows similarities to some 
Recent endobyssate mytilids such as Braehiodontes eitrinus 
and Modiolus demissus (Stanley 1972, p. 1 72, Text-fig. 4) .  

The shell of ?Colpomya heimeri i s  smooth and moderately 
thick. The species was found in a coarse oolitic limestone, 
indicating an unstable, shifting bottom substrate. In such a 
habitat, a thick shell may have been a hindrance to rapid 
burrowing, but if provided with a byssus (as suggested by the 
slightly concave ventral margin) the animal most probably 
could maintain a stable, semi-infaunal life position (Fig. 25) .  

Oecurrence. - Ludlovian (Whitdiffian) Burgsvik Beds at 
Gansviken and Burgsvik, Gotland. 

? Colpomya vaki n.sp. 
Figs. 23:5, 27, 42A-D, G 

Systema tie position. - The hinge characters of? Colpomya vaki 
are unknown, and therefore its systematic position can not be 
established, but its consistent shell form is strongly similar to 
that of Colpomya, and it is thus referred to this genus with a 
question mark. 

Synonymy. - D? 1892 Modiolopsis similis n.sp. - Ulrich, p. 
237, Fig. 1 1 .  D? 1895 Modiomorpha westfaliea Beushausen 
Beushausen, p. 26, Fig. 2 .  

Derivation ofname. -After Vak, one of the many by-names of 
the old Scandinavian god Woden. 
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Fig. 42. DA-D. ?Colpomya vaki n.sp. DA. Internal casts of slightly opened articulated speeimens in situ, RMMo 6 1 1 23, x 1 .5 .  Whitcliffian Klinta Formation 
at Ramsåsa, Scania. DB. External lateral view of fragmented left valve, RMMo 1 6295, x2.4. Klinteberg Beds at Ojlemyrs kanal, Gotland. De. Lateral view of 
left valve of articulated speeimen, RMMo 6 1 185,  x 1 .6. Whitcliffian Klinta Formation at Ramsåsa, Scania. OD. External lateral view of right valve (holotype), 
RMMo 16302, x 1 .9. Klinteberg Beds at Ojlemyrskanal, Gotland. DE-F. ?Colpomya heimeri n.sp. DE. External lateral view of left valve (holotype), RMMo 
1 52419, x l .7. Whitcliffian Burgsvik Beds at Gansviken, Gotland. OF. Hinge ofholotype (same as E), x9.9. OG. ?Colpomya vaki n .sp. Lateral view ofleft valve 
of articulated specimen, RMMo 6 1202, x l .8. Whitcliffian Klinta Formation at Ramsåsa, Scania. 

Holotype. - A right valve, RMMo 16302, with shell preserved 
as recrystallized calcium carbonate. Fig. 42D. 

Type stratum. - Klinteberg Beds, Homerian, Wenlockian. 

Type locality. - Olje Myrs kanal, Gotland. 

Material. - About 20 specimens and fragments of disarticu
lated valves with preserved shells and ca. 30 articulated speci
mens preserved slightly opened as external moulds in a red, 
soft, silty and calcareous mudstone. 

Diagnosis. - Shell medium-sized, diagonally subtriangular, 
moderately compressed, relatively large umbo, length/height 
ratio ca. 1 .70. 

Description. - Shell medium-sized (maximum length ca. 
32 mm), diagonally subtriangular (Fig. 42C-D, G), inequi
lateral, moderately inflated, relatively large umbo, margins 
even, shell surface smooth with concentric growth lines, in 
some cases with growth-stop increments; beaks small, sub
anterior, prosogyrate, slighdy above dorsal margin; no es-

cutcheon, no lunule; maximum convexity posterior to mid
length and slighdy above mid-height of shell; dorsal margin 
slighdy convex, almost straight; anterior margin short, 
strongly rounded; posterior margin long, slighdy rounded, 
almost truncated; ventral margin long, rounded to almost 
straight; length 15 .2-32.8 mm, height 8.2-18 .8 mm, UH = 
1 .65-1 .85. No lateral elements of hinge; circular anterior 
adductor muscle scar: no other internal features observed. 

Comparisons. - The Ordovician Modilopsis similis Ulrich, 
1 892, is similar to ?Colpomya vakibut is slighdymore inflated, 
bears a more conspicuous mesial sulcus, and has a less pro
nounced umbonal ridge. 

?Colpomya vaki shows some resemblance in external ap
pearance to Modiomorpha westfalica Beushausen, 1 895 but 
differs in exhibiting a straight ventral margin and a more 
pronounced prosogyrous beak. 

Ecology and habitat. - No impressions of accessory muscles 
have been observed in ?Colpomya vaki, but the smooth, 
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compressed shell suggests a rapid-burrowing ability (Fig. 
23:5) .  

The speeies was found as disarticulated valves in coarse
grained sediments, and in the medium-size-grained Oved 
Sandstone as steinkerns of articulated specimens (Fig. 42A) . 
Both these occurrences represent unstable habitats. This 
species shows great similarity to some Recent epibyssate 
mytilids, e.g., Benthomodiolus abyssicola (Knudsen, 1970; in 
Dell 1987, p. 32, Figs. 46-47) and Idasola coppingeri (Smith, 
1885; in Dell 1987, p. 27, Figs. 1 3-16) .  Since there is no 
positive evidence of byssal attachment, and since in an un
stable substrate rapid burrowing may be a means of maintain
ing a safe life position, ?Colpomya vaki is interpreted to have 
been non-byssate, and semi-infaunal. 

Occurrence. - Wenlockian (Homerian) Klinteberg Beds at 
Olje Myrskanal, Gotland; Pridolian, Oved Sandstone Forma
tion at Helvetesgraven and Ramsåsa, Scania. 

? Colpomya ranae n.sp. 
Figs. 23:7, 25, 27, 43 

Derivation of name. - After Ran, a female sea giant of the old 
Scandinavian mythology. 

Holotype. - A right valve, RMMo 1583 1 1 , with preserved 
hinge. Fig. 43A-B. 

Type stratum. - Burgsvik oolite, Burgsvik Beds, Ludlovian. 

Type loeality. - Locality unknown, Gotland. 

Material. - Three specimens with preserved shell and 28 
internal moulds (steinkerns) .  

Diagnosis. - Shell large, diagonally elliptical, equivalved, 
compressed, umbo and beaks inconspicuous, hinge with a 
large, robust cardinal tooth in right valve and socket in left 
valve, deep pedal musde scars, shallow pallial sinus. 

Externalfeatures. - Shell large (maximum length ca. 70 mm),  
diagonally elliptical (Fig. 43E, G-H),  equivalve (Fig. 43F), 
inequilateral, compressed, margins even, shell surface 
smooth with fine concentric growth lines; beaks subanterior, 
small (Fig. 43D),  prosogyrate, dose together, slightly above 
dorsal margin; posterior umbonal ridge extending to pos
teroventral extremity; maximum convexity at about mid
length and slightly above mid-height of shell; no escutcheon; 
no lunule; dorsal margin long, almost straight, slightly con
vex; anterior margin short, narrowly rounded, almost 
pointed; posterior margin long, evenly rounded; ventral 
margin long, slightly convex; total length of measured shells 
45.4-70.5 mm (a = 48.94 mm; n = 9);  UH 1 .65-1 .9 1  (a = 
1 .78; n = 9) ;  H/2W = 2.80-3.24 (a = 2.99; n = 6) .  

Internal features. -Hinge line convex, hinge platewith a single 
robust cardinal tooth in right valve below and posterior to 
beak (Fig. 43B); fittinginto socket ofleftvalve; no lateral teeth; 
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no ligament observed; large, faint, subelliptical posterior 
adductor musde scar in a posterio-dorsal position, dose to 
dorsal margin (Fig. 43G); medium-sized, deeply impressed 
subcircular anterior adductor musde scar with jagged poste
rior limitation in a terminal position dose to the anterior 
margin (Fig. 43C, G);  one small, elliptical, extremely deeply 
impressed scar between anterior adductor musde scar and 
umbo (Fig. 43C, F) ;  One small, circular scar in bottom of 
umbonal cavity (Fig. 43F); two small scars in umbonal cavity 
in an anterolateral position (Fig. 43C); one minute scar in 
crest of umbonal cavity (Fig. 43F); 2-3 conspicuous ridges 
originating in the anterodorsal end of shell and running 
obliquely to posteroventral part, most pronounced in um
bonal part (Fig. 43G-H) ;  pallial line developed in many 
specimens as radial scars that run from ventralmost point of 
anterior adductor musde scar, along, and at some distanee 
from, ventral margin and meetventralmost point of posterior 
adductor musde scar in a shallow sinus-like feature (Fig. 
43G-H) .  

Remarks. - The posterior adductor musde scar shows no 
indication ofhypertrophy, which is typical ofbyssate forms. 
The scar between the anterior adductor musde scar and 
umbo is extremely deep and probably corresponds to an 
anterior pedal protractor, while the remaining scars probably 
show the positions of pedal elevators and pedal retractors. 
Early Palaeozoic bivalves generally lack a pallial sinus [with 
two exceptions, the Upper Ordovician Lyrodesma, in Kauff
man 1969, p. N165, and the Upper Ordovician Modiolopsis 
obtusas in Pojeta 1985, p. 1 1 7) and probably had no siphons, 
or had only short ones. The pallial sinus of ?Colpomya ranae 
may indicate the presenee of siphons. 

The relatively deep impressions of pallial musdes of ?Col
pomya ranae resemble the very strongly developed radiating 
pallial musdes in the Recent Solemya velum ( in Drew 1900, p. 
264) .  Solemya velum has united mantle margins where the 
radiatingmusdes are strongest. Therefore, it is not impossible 
that also ?c. ranae had fused mantle margins, facilitating 
active, rapid burrowing through the substrate and thus pre
venting sediment from entering the mantle cavity. 

Comparisons. - ?Colpomya ranae differs from the other spe
eies of the genus in being conspicuously compressed, exhib
iting a very low umbo, and having a significantly smaller beak. 

Modiolopsis excellens Ulrich ( 1 897, p. 5 1 1 ,  Pl. 36: 1 3-149, 
shows overall similarity to ?Colpomya ranae but differs from 
it in having a higher umbo and a less pronounced umbonal 
ridge. Its interior is unknown. 

Ecology and habitat. - This speeies is particularly character
ized by its equivalved, compressed, elongate shell, small beak, 
and smooth shell surface. It has conspicuous impressions of 
pedal musdes and bears strong impressions of radial musdes 
of the mantle (fused mantle margins?) but lacks positive 
evidence ofbyssal attachment. Shell morphology of ?Colpo
mya ranaesuggests rapid burrowing (dosest to blade shape in 
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Fig. 43. ?Colpomya ranaen.sp. DA. Externallateral view ofineomplete right valve (holotype), RMMo 583 1 1 ,  x 1 .6. Burgsvik. DB. Hinge o f  the holotype, x7.3 .  
OC Anterolateral view of anterior part of east of artieulated specimen showing pedal elevator sears (first two arrows from above),  pedal retraetor sear (third 
arrow), and anterior adduetor sear (aa), RMMo 2 1 565, x2.3 .  Grotlingbo. OD. External lateral view of incomplete right valve, RMMo 1 58253, x 1 .6. 
Gansviken. DE. Lateral view ofinternal impression ofleft valve showing anterior adduetor muscle sear (aa), SGU Type 8370, x 1 .6. Burgsvik. OF. Dorsal view 
of a east ofarticulated specimen showing museular impressions in anterior part (eompare C), anterior facing left, RMMo 2 1 546, x 1 .6. Grotlingbo. OG. Lateral 
view of east of artieulated speeimen showing sears of pedal elevators (first two arrows from the left), pedal retraetor (third arrow), anterior adduetor (aa) , 
posterior adduetor (pa), internal ridges, and pallialline (broad arrows) ,  same specimens as in C, x 1 .5 .  OH. Lateral viewofinternal mould ofleftvalve showing 
anterior adduetor muscle sear (aa), posterior adduetor muscle sear (pa), internal ridges, pallial line (marginal arrows) ,  and pallial sinus (arrow), RMMo 
2 1 544, x 1 .0. Grotlingbo. All loealities represent the Whitcliffian Burgsvik Beds of Gotland. 

Fig. 23; cf. anatomy of rapid burrowing protobranch sole
myids in Drew 1900 and Silurian protobranch Janeia silurica 
Liljedahl, 1984) .  

The speeies was found in argillaceous limestone, sandstone 
and oolitic limestone. The pallial sinus is indicative of si-

phons, and possibly this species was entirely infaunal with 
only the siphons protruding above the sediment (Fig. 25) .  

Occurrence. - Ludlovian (Whitcliffian) Burgsvik Beds at 
Burgsvik, Gansviken, Grotlingboudd, Gotland. 
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Fig. 44. ?Colpomya audae n.sp. DA. Lateral view of internal mould of right valve, SGU Type 837 1 ,  x3 .3 .  Burgsvik. DB. External lateral view of right vaJve, 
RMMo 16339, x3.6.  Burgsvik. De. External lateraJ view ofleft valve (holotype), RMMo 1 6337, x3 . 1 .  Burgsvik. OD. ExternaJ lateral view of a right vaJve, LO 
6345t, x3.2.  Valar 1 .  DE. Hinge of right valve, RMMo 2 1 503, x4.2. Burgsvik. Ali localities represent the Whitcliffian Burgsvik Beds, Gotland. 

? Colpomya audae il.Sp. 
Figs. 23:9, 25, 27, 44 

Derivation of name. - From the old Nordic name Auda, 
meaning swan-maiden, haze. 

Holotype. - A complete left valve, RMMo 16337. Fig. 44C. 

Type stratum. - Burgsvik Beds, Whitdiffian, Ludlovian. 

Type locality. - Burgsvik, Gotland. 

Material. - Fifteen specimens with preserved shell. 

Diagnosis. - Shell medium-sized, obliquely elongated, beaks 
small, hinge plate with a cardinal tooth in right valve and a 
socket in left valve. 

External features. -Shell medium -sized (maxim um length ca. 
53 mm), obliquely elongated (Fig. 44A-D) , inequilateral, 
moderately inflated, margins even, shell surface smooth with 
concentric growth lines; beaks subanterior, small, dose to
gether, prosogyrate, not raised above sagittal plane, slightly 
above dorsal margin; umbonal ridge smoothly rounded; 
maximum convexityin anteriorhalfand above mid-height of 
shell; no escutcheon, no lun ule; dorsal margin long, slightly 
convex; anterior margin short, narrow and pointed; posterior 
margin long, rounded; ventrai margin long, almost straight to 
slightly sinuated; total length of measured shell 14.70-
53.40 mm (a = 29.33; n = 12) ;  UH 1 .90-2.24 (a = 2.07; n = 
12) :  HI2W = 1 .84 ( n  = 1 ) .  

Internal features. - Hinge line convex, hinge plate narrow, in 
right valve with a single blunt cardinal tooth slightly elongate 
in anteroposterior direction, posterior and immediately be-

low beak (Fig. 44E), in left valve with corresponding socket; 
no lateral teeth; posterior to and originating from beak a 
ligament groove along and dose to shell margin extending 
about half way to posterior margin; large, faint, subelliptical 
posterior adductor musde scar in a dorsoposterior position 
dose to dorsal margin (Fig. 44A); medium-sized, subcircular, 
deeply impressed anterior adductor musde scar with uneven 
posterior limitation dose to anterior shell margin; one small, 
deeply incised scar between umbo and anterior adductor 
musde scar; one small scar in bottom of umbonal cavity; 
pallial line non-sinuate, running from ventralmost point of 
anterior adductor musde scar, at some distance from, and 
along ventral margin to ventralmost point of posterior ad
ductor musde scar. 

Remarks. - The jagged posterior limitation of the anterior 
adductor musde scar, and the deeply incised scar between the 
umbo and the anterior adductor musde scar, may be the 
impressions of anterior pedal musdes, while the scar in the 
umbonal cavity may show the position of a pedal elevator. 

Comparisons. - ?Colpomya audae shows similarities to ?C  
10kei and ?C heimeri. I t  differs from ?C lokei in having a more 
elongated hinge tooth, a more pronounced diagonal sulcus 
and ventral sinus, and by its smaller size. Compared with ? C 
audae, ? C heimerihas a more distinctly angular lateral outline 
and conspicuous growth increment stops. ?C  audae exhibits 
external features similar to those of the Bohemian Modiolopsis 
concors Barrande ( 1 88 1 ,  Pl. 262 III: IO-13) ,  but since the 
internal morphology of the latter is unknown, the systematic 
relationships between the two forms can not be evaluated. 
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Ecology and habitat. -The size difference between the adduc
tor musde scars of?Colpomya audae is not as pronounced as 
in extant endo-byssate mytilids (cf. Fig. 20A) , suggesting 
intact burrowing ability. The overall shell characteristics, 
indudingaslightsinuation oftheventralmargin, as well as the 
configuration of the musde scars, suggest effective burrowing 
and a semi-infaunal, endobyssate life habit (Fig. 25) .  

This species was found in oolitic limestone indicating an 
original habitat of unstable, shifting environment. In such a 
habitat an elongate, thin and small-sized shell, such as that of 
the present species, would be advantageous for rapid burrow
ing, and along with the presence of a byssus, ensure a safe life 
position within the substrate. 

Occurrence. - Ludlovian (Whitdiffian) Burgsvik Beds at 
Burgsvik, Glasskar, Rovalds, and Valar, Gotland. 

? Colpomya balderi n.sp. 
Figs. 23:6, 2 7 ,  45G--H, K 

Derivation of name. - After Balder, the sun-god and son of 
Woden and Frigg, of the old Scandinavian mythology. 

Synonymy. - D*v1880 Modiolopsis Nilssoni Hisinger - Lind
stram, in Angelin & Lindstram, p. 59, P1. l9 :5--6. Dnon 1880 
Ptychodesma Nilssoni (Hisinger ) - Lindstram, in Angelin & 
Lindstram, p. 18 ,  P1.2:2 1-22 

Holotype. - Internal mould of an articulated speClmen, 
RMMo 1 50416.  Fig. 45G-H. 

Type stratum. - Mulde Beds, Wenlockian. 

Type locality. - Djupvik, Eksta Parish. 

Material. - The holotype and one internal impression of a 
right valve. 

Diagnosis. - Shell medium-sized, suboval, equivalve; beaks 
prosogyrate, dose together, length of shell about 1 . 5  ofheight; 
strong hinge plate with one single robust cardinal tooth in the 
right valve, corresponding socket in left valve; deep anterior 
adductor musde scar that is smaller than posterior one; 
ligament unknown. 

External features. -Shell medium -sized (maximum length ca. 
32 mm) ,  suboval (45H, K) , equivalve (Fig. 45G), inequi
lateral, moderately inflated, margins even, shell surface un
known, beaks subanterior, prosogyrate, maximum convexity 
in anterior and upper half of shell; total length of shell of 
studied specimens 30.2-3 1 .5 mm; height 1 8.2-18.3 mm; 
width 4.5-4.75; LlH = 1 .66-1 .7 1 ;  H/2W = 1 .96. 

Internal features. - Hinge line convex, hinge strong with a 
single robust cardinal tooth in right valve, corresponding 
socket in left valve (Fig. 45G); large, suboval posterior adduc
tor musde scar at some distance from posterior margin with 
tapering anterodorsal end (Fig. 45H),  in one specimen with 
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distinct 'quick' and 'catch' structures (Fig. 1 9C) :  medium
sized, suboval anterior adductor musde scar with jagged 
posterior limitation dose to anterior margin, in one specimen 
with 'quick' and 'catch' structures (Fig. 45H); pallial line 
simple, running from ventroposterior end of anterior adduc
tor musde scar, at some distance from shell margin, to 
ventralmost end of posterior adductor musde scar continu
ing from anterodorsal end to posterior adductor musde scar 
along, and at some distanee from, dorsal margin to hinge plate 
(Figs. 19C, 45H) .  

Remarks. - The jagged posterior part of  the anterior adductor 
musde scar probably indicates the presence of pedal-byssal 
accessory musdes (cf. Stanley 1970) .  The hypertrophied dor
sal end of the posterior adductor musde scar suggests that this 
species had strong pedal retractor musdes possibly also con
taining byssal retractors (cf. Newell 1942, p. 3 1 ) .  

Comparisons. - See Modiodonta gothlandica. 

Ecology and habitat. - ?Colpomya balderiexhibits impressions 
ofpedal musdes suggesting a functional foot and possibly also 
byssal attachment of the animal. In combination with shell 
$hape, these features indicate a moderately rapid burrowing 
ability (Fig. 23:6) and a semi-infaunal, possibly byssally at
tached life position. 

This species was found in a very argillaceaous calcilutite, 
which was once acarbonate mud mixed with terrigenous day. 
In such a habitat an endobyssate bivalve may have been 
attached to larger partides such as shell fragments. 

Occurrence. -Wenlockian (Homerian) Mulde Beds at Djup
vik and Mulde tegelbruk, Gotland. 

? Colpomya lokei n.sp. 
Figs. 23:8, 27 ,  45A-E 

Derivation of name. - After Loke in the old Scandinavian 
mythology. Loke was an evil-comic giant. 

Holotype. - A fragmented right valve, RMMo 1 52715 .  Fig. 
45A. 

Type stratum. - Burgsvik Oolite, Burgsvik Beds, Whitdiffian, 
Ludlovian. 

Type locality. - Burgsvik, Gotland. 

Material. - Eight specimens preserved as internal moulds or 
as calcium carbonate shells. 

Diagnosis. - Shell large, robust, subovally elongated, moder
ately inflated, beaks small, hinge plate with one robust cardi
nal tooth in right valve and socket in left. 

External features. - Shelllarge (maximum length ca. 53 mm) , 
robust, subovally elongated (Fig. 45B-C), inequilateral, faint 
ventral diagonal sulcus; margins even, shell surface smooth 
with concentric growth lines; beaks subanterior, prosogyrate, 
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Fig. 45. OA-E. ?Colpomya lokei n.sp. DA. Hinge of right valve (holotype), RMMo 1 52715 ,  x2.4. Burgsvik, Burgsvik Beds, Gotland. DB. External lateral view 
of incomplete left valve, RMMo 152465, x l .S .  locality probably Burgsvik, Burgsvik Beds, Gotland. De. Lateral view of internal mould of almost complete 
left valve, RMMo 1 8683, x 1 .0. Burgsvik, Burgsvik Beds, Gotland. OD. Hinge ofrightvalve, RMMo 21476, x2.6. Burgsvik, Burgsvik Beds, Gotland. DE. Hinge 
of left valve (same as B), x3.6.  OF. ?Colpomya friggi n.sp. Hinge of left valve (holotype), RMMo 152469, x3.5 .  Narsholm, Burgsvik Beds, Gotland. OG. 
?Colpomya balderi n.sp. Dorsal view of internal cast of articulated specimen (holotype: figured by Angelin & Lindstrom 1 880, Pl. 19 :5-6) ,  RMMo 1 50416,  
x2 .2 .  Djupvik, Mulde Beds, Gotland. OH. ?Colpomya balderi. Lateral view of internal mould of right valve of articulated specimen (holotype, same as G, 
figured by Angelin & Lindstrom 1880, Pl. 19 :5) ,  showingimpressions ofposterior adductormuscle (pa) , anterior adductor muscle (aa), posterior pedal-byssal 
retractor (left black arrow) , anterior pedal accessory muscles (right black arrows) ,  secondary line of pallial attachment (black & white arrow) and pallial line 
(broad white arrows), see enlargement in Fig. 19C, x 1 .7. Dl. ? Colpomya friggi. external lateral view ofleft valve (holotype, same as F), x 1 .0 .  O]. ?Colpomya 
sp. l. External lateral view of right valve, LO 6292t, x 1 .2 .  Glasskar, Burgsvik Beds, Gotland. DK. ?Colpomya balderi. Lateral view of internal mould of right 
valve showing posterior adductor muscle scar (pa), anterior adductor muscle scar (aa) , and pallial line (arrows) ,  RMMo 2 1 708, x 1 .6. Djupvik, Mulde Beds, 
Gotland. 
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small, dose together, somewhat above dorsal margin; maxi
mum convexity about mid-Iength and at mid-height of shell; 
no escutcheon; no lunule; dorsal margin long, slightly con
vex; anterior margin somewhat rounded; posterior margin 
evenly rounded; ventral margin long, slightly convex, almost 
straight; length of measured speeimens 4 1 .6-53.3 mm, 
height 2 1 .5- 24. 1 mm, width 7.40-7.25 mm; UH = 1 .93-
2.23, H/2W = 1 . 5 1  (n = 2) .  

Internal features. - Hinge line slightly convex, hinge plate in 
right valve with a robust, diagonal cardinal tooth, below and 
slightly posterior to beak (Fig. 45A, D) ,  in left valve with a 
socket, anterior to which the ligamental plate is strong (Fig. 
45E); longitudinal ligament furrow in dorsal margin poste
rior to beak (Fig. 45E),  small, subcircular anterior adductor 
musde scar dose to anterior margin (Fig. 45C); posterior 
adductor musde scar not observed; pallial line dose to ventral 
margin. 

Comparisons. - ?Colpomya lokei seems to be most dosely 
related to ?c. heimeri from which it differs in the following 
way. Generally the anterior lobe of? C. lokei is somewhat more 
pronounced than that of ?C. heimeri, which has a more 
distinet diagonal ridge. The shell of?C. lokei is smooth, but in 
? C. heimeri conspicuous growth increment stops are present. 

Ecology and habitat. - The elongated shape (induding a con
vex ventral margin) ,  the smooth shell surface and rather thin 
shell of ?Colpomya lokei are features indicative of relatively 
rapid burrowing (Fig. 23 :8) .  No museular impressions, ex
cept for the anterior adductor musde scar, have been ob
served. Thus, no positive evidence ofbyssal attachment is at 
hand. Probable life position is with the posterior end just 
above the sediment surface. 

?Colpomya lo kei is found in oolitic limestone. In such a 
coarse-grained sediment there is no need for having the 
inhalent and posterior openings high above the sediment 
surface as must be the case in fine-grained sediments where 
there is risk of fouling near the sediment surface. 

Occurrence. - Ludlovian (Whitcliffian) Burgsvik Beds at 
Burgsvik and Snackvik, Gotland. 

? Colpornya friggi n.sp. 
Figs. 23 : lO ,  25 ,  27 ,  45F, I 
Derivation of name. - After the old Scandinavian mythologi
cal sea-giant Frigg. 

Holotype. - A complete left valve, RMMo 1 52469. Fig. 45F, 1 .  

Material. - The holotype and additional fragments preserved 
with calcium carbonate shells. 

Type stratum. - Burgsvik Beds, Ludlovian. 

Type loeality. - Glasskar, Gotland. 
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Diagnosis. - Shell large, robust, erect, diagonally subtriangu
lar, conspicuous umbonal ridge, umbo and beaks small, 
hinge with a robust tooth in righ valve and a socket in left 
valve. 

Description. - Shell large (maximum length ca. 57 mm) , di
agonally subtriangular (Fig. 451), inequilateral, moderately 
inflated, margins even, shell surface smooth with concentric 
growth lines; beaks small, subanterior, medium-sized, dose 
together, prosogyrate, hardly reaching above dorsal margin; 
umbonal ridge dividing shell in two equal parts; maximum 
convexity slightly anterior to mid-Iength and in upper half of 
shell; no escutcheon; no lun ule; dorsal margin convex; ante
rior margin short, convex; posterior margin long, evenly 
rounded; ventral margin long, convex in anterior part and 
slightly sinuated in posterior part; total length of measured 
shell 56.8 mm; height 39. 1 mm;width 1 1 .75 mm; UH = 1 .45; 
H/2W = 1 .67. Hinge line convex, hinge plate strong with a 
robust cardinal tooth in the right valve (Fig. 45F); left valve 
with a diagonal socket just below beak. 

Comparisons. - In lateral outline ?Colpomya friggi resembles 
?C. sp. l and ?C. vaki but it is larger and more inflated than 
these and has a more distinct umbonal ridge and less pro
nounced anterior lobe than ?C. vaki. Furthermore, the ridge 
of? C. friggi is more diagonally set and the shell more erect than 
in ?C. sp. l .  

Ecology and habitat. - Based o n  shell shape alone it seems as 
if?Colpomya friggi was a slow-burrowing bivalve (Fig. 23: 10) .  
No muscular impressions have been observed. Possibly the 
slightly sinuated part of the ventral margin indicates byssal 
attachment. 

The sediment in which this species was found is an oolitic 
limestone, suggesting an unstable original environment. It 
possibly lived semi-infaunally attached with a byssus 
(Fig. 25) .  

Occurrence. - Ludlovian (Whitdiffian) Burgsvik Beds at 
Glasskar, Gotland. 

? Colpornya Sp. l 
Fig. 23 : 1 1 ,  27, 45J 

Systematie position. - The hinge of ?Colpomya sp. l has not 
been observed, but its similarity in gross shell shape and shell 
thickness to ?C. friggi possibly indicates dose systematic 
relationship. 

Material. - Three specimens and additional fragments with 
preserved shell. 

Description. - Shell large (maximum length ca. 5 1  mm) , ro
bust, diagonally subtriangular (Fig. 45]) , inequilateral, mod
erately inflated, margins even, shell surface smooth with 
concentric growth lines; beaks small, subanterior, medium
sized, dose together, prosogyrate; umbonal ridge prominent, 
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doser to posterior margin; inconspicuous mesial depression; 
maximum convexityat about mid-length and in upper halfof 
shell; no escutcheon; no lun ule; dorsal margin short, convex; 
anterior margin short, rounded; posterior margin long, 
evenly rounded; ventral margin long, slightly convex; L = 
5 1 .30 mm; H = 32.5 mm; W = 8.8 mm; UH = 1 .58; HI2W = 
1 .85. 

Comparisons. - Externally ?Colpomya sp. 1 agrees with the 
Middle Devonian Modiomorpha mytiloides (Conrad) as fig
ured by McAlester ( 1962, Pl. 16 :  10; composite mould laeking 
hinge structures) .  

?Colpomya sp. 1 seems to  be  most dosely related to  ? c.  
friggi, from which it is distinguished byits somewhat different 
shell shape, a more compressed shell, and a more distinet 
umbonal ridge situated less dorsally than in ?c. sp. 1 .  

Eeology and habitat. - Shell morphology of ? Colpomya sp. 1 
suggests a moderately rapid-burrowing ability (Fig. 23: 1 1 ) .  
N o  museular impressions have been observed, but the shell 
form, with moderately reduced anterior end, indicates a 
semi -infaunal life position with the posterior end protruding 
above the sediment. 

This speeies was found in a medium-grained oolitic lime
stone indicating an unstable environment. There is no posi
tive evidence of a byssus, rather the contrary (convex ventral 
margin) ,  and in this kind of environment a moderately rapid 
burrowing ability probably would have been sufficient to 
maintain a safe infaunal life position. 

Oeeurrence. - Ludlovian (Whitdiffian) Burgsvik Beds at 
Glasskar, Gotland. 

Genus Aleodonta n.gen. 
Figs. 16 , 36 

Derivation of name. - After the old Scandinavian name Ale 
and Greek odous (genitive odontos), tooth. 

Type and only speeies. - Aleodonta burei n.sp. 

Diagnosis. - Shell small, subequivalve, inequilateral, sub
ovate, margins even except for dorsal margin of right valve 
overlapping left; beaks subanterior, small, prosogyrate; no 
diagonal suleus; shell surface smooth; no escutcheon; lan
ceolate lun ule; internal linear ligament, dorsal margin ofleft 
valve sigmoidal below beak; hinge line convex; no hinge plate; 
one cardinal tooth in the right valve, one socket in the left; no 
lateral hinge teeth; anterior adductor musde scar deep, 
smaller than posterior one; a number of accessory musde 
scars, integripalliate. 

Comparisons. - Aleodonta seems to be most dosely related to 
Modiodonta, Colpomya, and Mimerodonta. It differs from all 
three in the overlapping posterior part of the dorsal margin, 
the sigmoidal dorsal margin of the left valve below the beak, 
and from Modiodonta and Colpomya in laeking an ordinary 
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hinge plate. Aleodonta differs from Mimerodonta by exhibit
ing one cardinal tooth in the right valve and one socket in the 
left. Mimerodonta has one cardinal tooth flanked by two 
shallow sockets in the rightvalve, and one deep socket flanked 
by a tooth-like reinforcement on each side in the left valve. 

Aleodonta burei n.sp. 
Figs. 1 6B, 1 7B, 19D, E, 23: 12 ,  27, 46-47 

Derivation ofname. -After Bure, the progenitor of the gods in 
the old Scandinavian mythology. 

Synonymy. - 0 192 1 Modiolopsis nilssoni (Hisinger) - Hede, 
pp. 5 1 ,55. 0 1927 Modiolopsis nilssoni (Hisinger) - Hede (in 
Munthe et al. ) ,  pp. 20, 2 1 , 54. 

Holotypes. - One complete right valve RMMo 2542 1 ,  Fig. 
46M and a complete left valve RMMo 25424, Fig. 46A. 

Type stratum. - Mulde Beds, Homerian, Wenlockian. 

Type loeality. - Djupvik 1-2, Gotland, Sweden. (see Jaanus
son 1 986 for the extent of this composite locality) 

Material. - About 300 speeimens, most of which are articu
lated and with preserved shell. 

Diagnosis. - Shell small, obliquely subovate, slightly inequi
valve, in most cases right valve more convex than left one 
which it overlaps, moderately inflated, undefined umbonal 
ridge, lanceolate lun ule; hinge with a robust cardinal tooth in 
right valve, and a deep socket in left valve. 

Externalfeatures. -Shell small (maximum length ca. 1 7  mm),  
obliquely subovate (Fig. 46B-D, I, K) ,  inequilateral, moder
ately inflated (Fig. 46C),  margins even except for dorsal 
margin of right valve slightly overlapping left (Fig. 46F-G) ;  
total length of shell about 1 .3 of  total height; shell surface 

Fig. 46. Aleodonta burei n.sp. DA. Hinge ofleft valve, RMMo 25424, x 1 1 .0. 
DB. External lateral view of left valve of artieulated speeimen, RMMo 
25428, x4.7. De. Dorsal external view of artieulated specimen, anterior 
facing left, RMMo 25426, x5.5 .  OD. External lateral view of left valve of 
artieulated speeimen, same as C, x4.7. DE. Hinge of left valve, RMMo 
25423, x 12.0 .  OF. Anterior external view of articulated specimen, same as 
C and D, x4.2. OG. External ventrai view of artieulated speeimen. Note 
epibionts in posterior part of right valve (eompare J ) ,  RMMo 25427, x3.5 .  
OH. Hinge of left valve, RMMo 25425, x8.6. DI. Lateral view ofleft valve 
of internal east of artieulated specimen showing museular impressions of 
anterior adduetor muscle (aa) , anterior aeeessory muscles (as), posterior 
pedal retraetor muscle (pbr), posterior adduetor muscle (pa) , and pallial 
line (arrows) .  RMMo 25428, x4.5. O]. External lateral view of right valve 
of artieulated specimen. Note epibiont eolony at posterior end (same as G) ,  
x3.5 .  DK. Lateral view of internal mould of left valve of articulated 
speeimen showingmuseular impressions of anterior adduetor muscle (aa) , 
and posterior adduetor muscle (pa) RMMo 25430, x4.2. DL. Hinge of 
right valve, RMMo 25422, x l 1 .0. DM. Hinge of right valve (holotype), 
RMMo 2542 1 ,  x I5.0. All speeimens from the Homerian Mulde Beds at 
Djupvik, Gotland. 
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smooth with conspicuous irregular growth rugae; beaks sub
anterior, small, dose together, prosogyrate, located slightly 
above dorsal margin, umbonal ridge rounded, undefined; 
maximum convexityin anterior half and above mid-Iength of 
shell; no escutcheon, lanceolate lunule; dorsal margin long, 
convex to strongly convex; anterior margin short, narrow, 
and abruptly rounded; posterior margin evenly rounded, 
posterior end of this margin almost truncated in some speci
mens; ventral margin rounded; total length of shell of mea
sured specimens 7-17  mm; length/height = 1 .34; lengthl 
width = 2.35; height/width = 1 .67. 

Internal features. - Hinge line convex, hinge 'support' strong, 
containing one cardinal tooth below and just posterior to 
beak ofthe rightvalve (Fig. 46L-M), that fits into socket of the 
left (Fig. 46A, E, H); no lateral element ofhinge; posterior to 
the beaks the dorsal margin is slightly incised to hold linear 
ligament; faint, subquadrangular, large posterior adductor 
musde scar (Fig. 461, K), sometimes with an irregular, jagged 
anterior end and growth lines as well as 'quick' and 'catch' 
portions well marked (No. l in Fig. 47A) ; extremely deep, 
subelliptical anterior adductor musde scar, in some speci
mens with growth lines and 'quick' and 'catch' structures 
(No. 2 in Fig. 47 A) ; three to four accessory musde scars 
between anterior adductor musde scar and the bottom of the 
anterior part of umbonal cavity in anterodorsal position 
(Nos. 3-6 in Fig. 47 A); one minute, circular scar anterodorsal 
to posterior adductor muscle scar (No.7 in Fig. 47 A) ; pallial 
line non-sinuate, running from posteriormost end of ante
rior adductor musde scar, at some distance from the shell 
margin, to ventral point of posterior adductor musde scar. 

Remarks. - The length/height ratio of 27 articulated speci
mens ranges from 1 . 14 to 1 .50. 

Cross sections of articulated specimens exhibit calcified 
remnants of the ligament (probably the inner layer of the 
ligament, Fig. 1 7B. cf. Fig. 18 ) ,  similar to that of Mytilusedulis, 
exceptforthe absence ofligamental ridges (cf. Trueman 1950, 
pp. 227-228, Figs. 3-4) .  

The general pattem of muscular impressions of Aleodonta 
burei is similar to that in fossil and extant Mytilacea (cf. also 
Colpomya huginiand Modiodonta gothlandica) . The irregular 
limitation of the anterior end of the posterior adductor 
musde scar (Figs. 25A, 46K) may be homologous with a 
posterior byssal and pedal retractor in modem mytilaceans, 
although it is not as large as in the extant Modiolus modiolus 
and Mytilus edulis (pbr in Fig. 20). The insertions of the 
accessory musdes in the anterior portion of the umbonal 
cavityof Aleodonta bureihave a corresponding position as the 
anterior byssal retractors of the mentioned extant myti
laceans and, thus, the corresponding musdes probably had 
the same or similar function (cf. Newell 1942, Fig.6) .  

Ecology and habitat. -Aleodonta bureihas a rounded, gibbous 
shell with a smooth surface, thus resembling some burrowing 
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species, such as representatives of the ovate Nuculoida (cf. 
Liljedahl 1983, 1984) . The height/width plotted against 
length/height gives the value 1 .25, thus a figure that falls 
within the region of slow burrowing but dose to the rapid 
burrowingregion in Fig. 23. The slightlyinequivalve nature of 
the valves, however, suggests that the species was not an active 
burrower but buried to get a semi-infaunal life position [cf. 
Yoldiaand other protobranchs (infaunal deposit feeders) that 
sometimes assume a semi-infaunal position; see Yonge 
194 1 ] .  

The Djupvik marl was once a soft carbonate mud mixed 
with terrigenous day. To avoid silting of the gills, the filter
feeding epifauna must live at some distance above the sedi
ment surface in such a habitat. Generally in a mud, the only 
attachment surfaces available for an epifauna are fumished by 
other organisms. In deep water muds, mainly molluscan 
skeletal remains provide a substratum for epifauna (Allen 
1953) .  

Eight articulated specimens of Aleodonta burei contain 
epibionts on their right valves (Fig. 46G, D. The epibionts are 
bryozoans, which in all cases but one leave the valve margin 
free so that the valves of the bivalve could operate. In the 
remaining specimen, the bryozoan colony has slightly over
grown the right valve, seemingly having made it impossible 
for the bivalve to function. However, specimens of 5pirorbis 
may extend over the sagittal plane attached to both valves of 
live bivalves (P.A. Berkman, Ohio State University, personal 
communcation, 199 1 )  

Since all specimens with attached epibionts are articulated, 
they must have been buried rapidly after death. The epibionts 
do not cover large areas of the bivalve shell but are restricted 
to the posterior end. Thus, the epibionts, being filterers, 
evidently were attached to live bivalves. 

In analogy with Recent examples of epifauna on bivalves 
(Savazzi 1984) the position of the epibionts ofAleodonta burei 
suggest a life position with the posterior end of the shell 
protruding above the surface of the bottom (Fig. 4 7B) . On the 
single specimen with the epibiont slightly overgrowing the 
valve margins, the epibiont possibly kept growing for some 
time after the bivalve's death but eventually became buried 
together with the dead bivalve. The fact that all the epibionts 
are situated on the right valve of all infested specimens may 
indicate that this species had a low-angle position in the 
sediment (Fig. 25B; cf. Stanley 1972, p. 1 85) .  

The arrangement of the muscular imprints suggests byssal 
attachment. Compared with, e.g., Colpomya hugini and Mo
diodonta gothlandica, the byssal attachment of Aleodonta 
burei was evidently weaker, as indicated particularly by the 
smaller size of the byssal retractor musde scar. This condition 
may have been compensated by the low-angle life position 
with the commissure plane more horisontal. 

Occurrence. -Wenlockian (Homerian) Mulde Beds at Djup
vik, Gotland. 
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Fig. 47. Aleodonta burein.sp. DA. Maximum number ofmuscular imprints in order of size. I :  Posterior adductor muscle scar. Note jagged dorsoanterior part 
indicating accessory muscle scars. 2: Anterior adductor muscle scar a!so with one side jagged, indicating the presenee of pedal accessory muscles. 3--{): Anterior 
byssal-peda! accessory muscle scars. 7: Posterior pedal-byssa! retractor muscle scar. B: Suggested life position. Note bryozoan epizoan colony in posterior 
part of right valve. 

Genus Mimerodonta n.gen. 
Figs. 16 , 36 

Derivation of name. - After the old Scandinavian god Mimer 
and Greek odous (genitive odontos), tooth. 

Type speeies. - Mimerodanta atlei n.sp. 

Speeies. - Mimerodanta atlei, Mimerodonta njordi. 

Diagnosis. - Shell small, inequilateral, diagonally subtriangu
lar to elongate, margins even, beaks subanterior, prosogyrate, 
diagonal sulcus, shell surface smooth; no escutcheon, lan
ceolate lunule; internal linear ligament; dorsal margin con
tinuous below beak; hinge line almost straight; no hinge plate; 
one robust cardinal tooth with one to two shallow sockets on 
each side in the right valve, one deep socket flanked by two 
tooth-like reinforcements in the left; no lateral elements of the 
hinge; anterior adductor musde scar deep, smaller than 
posterior one; a number of accessory musde scars; integri
palliate. 

Comparisons. - See discussion of Modiodonta. 

Mimerodonta atlei n.sp. 
Figs. 16C, 23: 13 ,  27 ,  48 ,  49 

Derivation of name. - After the old Scandinavian mythologi
cal king Atle, meaning 'little father'. 

Holotype. - A right valve, RMMo 24094. Fig. 48D. 

Type stratum. - Ludlovian Hemse Beds. 

Type loeality. - Bjars Traskbacke, Gotland. 

Material. - About twenty specimens and fragments. 

Diagnosis. - Shell small, obliquely subtriangular, moderately 
inflated, diagonal umbonal ridge, lanceolate lunule, hinge 
with a robust triangular, cardinal tooth flanked by two shal-

low sockets in right valve and a deep socket with projecting 
tooth-like reinforcements of the dorsal margin on each side in 
left valve. 

Externalfeatures. -Shellmedium-sized (maximumlength ca. 
17 mm) ,  obliquely subovate to subtriangular (Fig. 48A, E-G) ,  
inequilateral, total length of shell almost V2 of total height; 
shell surface smooth with fine concentric growth lines, in 
some cases with distinct growth increment stops; beaks sub
anterior, small, dose together, prosogyrate, not extending 
above sagittal plane, slightly above dorsal margin; mesial 
depression; maximum convexity in anterior half of shell, and 
slightly below mid-height; no escutcheon; lanceolate lunule; 
dorsal margin long, convex; anterior margin short, rounded; 
posterior margin long, evenly rounded; ventral margin long, 
slightly sinuated; total length of shell of measured specimens 
14. 1-17.4 mm; UH = 1 .24-1 .38 (a = 1 .30; n = 6) ;  H/2W = 
1 .32-1 .50 ( a  = 1 .40; n = 3) .  

Internal features. - Hinge line convex; hinge in  the right valve 
with a single robust, blunt cardinal tooth immediately below 
beak, flanked by a shallow socket -like depression on each side 
(Fig. 48B-D).  Left valve has deep, V-shaped socket with 
tooth-like projecting dorsal margins on each side (Fig. 48C, 
H); posterior part of dorsal margin broad, containing narrow 
ligament grooves originating from the beak, that reach poste
rior part of dorsal margin; extremely large subquadrangular 
posterior adductor musde scar in dorso-posterior position, 
dose to dorsal margin; deep, subrounded anterior adductor 
musde scar; one small, deep scar between anterior adductor 
musde scar and umbonal cavity in a dorsal position; pallial 
line simple, non-sinuate. 

Comparisons. - Mimerodonta atlei differs from M. njordi in 
being subtriangular and in exhibiting a distinct umbonal 
ridge. M. njordi is elongate and has a less distinct umbonal 
ridge. 

Mimerodanta atlei shows some resemblance to the Ordovi
cian Modiomorpha kallholniensis Isberg ( 1 934, p. 1 7 1 ,  Pl. 
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Fig. 48. Mimerodonta atlei n.sp. DA. External lateral view of a partlypreserved shell and internal mould of right valve showing posterior adductor muscle scar 
(pa) , RMMo 1 52543, x3 .3 .  DB. Hinge of right valve, RMMo 1 52543, x6.7. De. Hinge ofleft valve, note ligamental groove (at arrows) ,  RMMo 1 52242, x4.2. 
OD. Hinge of right valve (holotype) ,  RMMo 24094, x8.  7 .  DE. External lateral view of right valve, RMMo 1 58262, x5.7. OF. External lateral view ofleft valve, 
RMMo 1 5254 1 ,  x3.5 .  OG. External lateral view of left valve, RMMo 1 52542, x3.3 .  OH. Hinge of left valve, RMMo 1 5254 1 ,  x8.3 .  All speeimens from the 
Ludlovian Hemse Beds at Bjarstraskbacke, except for E which was collected at Ljugarn, all Gotland. 

26:5) .  Externally Modiomorpha kallholniensis is more elon
gate, has a less pronounced posterior end, and a more con
spicuous mesial sulcus. The dentition of the Ordovician 
species is faint, consisting ofa diminutive cardinal tooth in the 
right valve (cf. robust cardinal tooth of Mimerodonta atlei) . 

Mimerodonta atlei also resembles the Bohemian Modio
lopsis interpolataBarrande ( 188 1 ,  Pl. 258, 1:5,3 ) ,  the interior of 
which, however, is unknown. 

Ecology and habitat. - The subtriangular and gibbous shell 
morphology of Mimerodonta atlei suggests a slow-burrowing 

ability (Fig. 23: 1 3 ) .  The deep anterior accessory muscle scar 
indicates either a functional foot or a strong byssal retractor. 
The presence of an anterior lobe and the fact that the centre 
of gravity is relatively high, suggest a semi-infaunal life posi
tion, possibly with byssal attachment (Fig. 49) . 

The species was found in a dense, fine-grained limestone, 
which was once a soft calcareous mud. 

Occurrence. - Ludlovian Hemse Beds at Bjars Traskbacke, 
Hageby Traskbacke, and Ljugarn, Gotland. 
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Fig. 49. Suggested semi-infaunal life position of Mimerodanta atlei n.sp. 

Mimerodonta njordi n.sp. 
Figs. 23: 14,  25 ,  27, 50 

Derivation of name. -After Njord, god of wealth, trading and 
shipping, in the old Scandinavian mythology. 

Holotype. - A left valve, RMMo 16335. Fig. SOc. 

Type stratum. - Burgsvik Beds, Whitdiffian, Ludlovian. 

Type locality. - Burgsvik, Gotland. 

Material. - About a hundred speeimens. 

Diagnosis. - Shell medium-sized, obliquely elongate, sub
equivalve with right valve slightly more convex than left, 
beaks small, hinge plate with one robust cardinal tooth in 
right valve and deep socket in left valve, hinge line straight 
posterior to beaks, ventral margin slightly sinuated. 

Externalfeatures. -Shellmedium-sized (maximumlengthca. 
20 mm),  obliquely subovate to elongate (Fig. SOA-C, E, H),  
subequivalved, right valve slightly more convex than left; 
inequilateral, compressed, margins even, total lenght of shell 
about 1 � of total height; shell surface smooth with fine 
concentric growth lines, sometimes with irregular conspicu
ous growth-increment stops; beaks subanterior, small, dose 
together , extending slightly beyond sagittal plane, moderately 
raised above dorsal margin; diagonal umbonal ridge evenly 
rounded; maximum convexity in anterior half and above 
mid-height of shell; no escutcheon; no lunule; dorsal margin 
long, slightly convex, almost straight posterior to beaks; 
anterior margin short, evenly rounded, almost truncated; 
posterior margin evenly rounded; ventral margin long, 
slightly sinuated; UH = 1 .53-2.22 (a = 1 .75) ;  H/2W = 1 .09-
1 .47 (a = 1 .32) ;  n = 5. 

Internal features. - Hinge line straight; hinge in right valve 
with a single, blunt, slightly elongate cardinal tooth arranged 
in dorso-anterior/ventro-posterior direction below and just 
posterior to beak, flanked by shallow sockets on each side (Fig. 
SOD, F, K); left valve containing a corresponding deep socket 
flanked by projecting reinforcements on each side (Fig. SOG, 
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I-J) ;  no lateral teeth; posterior part o f  dorsal margin housing 
a conspicuous broadening of the dorsal margin with ligament 
grooves along, and at some distance from, the valve margin 
and originating from beak, reaching the posterior part of the 
dorsal margin; large, faint, quadrangular posterior adductor 
musde scar in a posterior position, dose to the dorsal margin 
(Fig. SOH);  subequal, relatively deeply incised, subcircular, 
terminal anterior adductor musde scar dose to the anterior 
margin; one circular, deeply impressed scar between anterior 
adductor musde scar and beak in a dorsoanterior position; 
pallial line simple, non-sinuate, running from ventropos
terior end of anterior adductor musde scar to ventralmost 
end of posterior adductor musde scar (Fig. SOH) .  

Remarks. - Although no articulated speeimens have been 
found, it appears that the right valve of this speeies is slightly 
more convex than the left one. 

Comparisons. - See Mimerodonta atlei. Mimerodonta njordi 
shows similarity in external features to Modiolopsis inter
polata Barrande ( 1 88 1 ,  Pl. 258, 1 :8; non Modiolopsis inter
polata Barrande, 1 88 1 ,  Pl. 258, 1 :5,3) but differs in having a 
slightly sinuated ventral margin and a smaller beak. 

Ecology and habitat. - Shell width of Mimerodonta njordi is 
relatively large in relation to height resulting in a position 
dose to the region of slow-burrowing in the diagram in Fig. 
23: 14. The presenee of a deep accessory musde scar in the 
anterior region, and the slightly sinuated ventral margin, 
indicate byssal attachment. 

These specimens were isolated from a coarse oolithic lime
stone, indicating an unstable, shifting original environment. 
A moderately thick shell attached with byssus most probably 
compensated for a slow burrowing ability in such a habitat, 
and the species may have had a semi-infaunal life position 
(Fig. 13 ;  cf. extant Modiolus demissus, see Stanley 1972, p. 1 72, 
Text-fig. 4B) .  

Occurrence. - Ludlovian (Whitcliffian) Burgsvik Beds at 
Burgsvik, Fide, Grotlingboudd (uncertain determination of 
species) ,  Rovalds, and Valar, Gotland. 

Genus Radiatodonta Dahmer, 192 1  
Figs. 1 6, 36 

Type speeies. - Radiatodonta goslarensis Dahmer 192 1 ,  p. 245, 
Pl. 10:6-7. 

Diagnosis. - Modiomorphid with several short, erect, dor
sally convergent hinge teeth. 

Comparisons. - This genus is easily distinguished from other 
modiomorphids by its conspicous arrangement of several 
convergent hinge teeth. In the type speeies, Radiatodonta 
goslarensis from the Devonian of Germany, the teeth are 
dorsally convergent, but Zhang ( 1 977, Pl. 1 20: 1 7) described 
the Devonian Radiatodonta shaodongensis Zhang from China 
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Fig. 50. Mimerodonta njordi n.sp. DA. External lateral view ofleft valve, RMMo 2 1 707, x3.0. DB. External lateral view ofleft valve, RMMo 1 6363, x 1 .9 .  OC 
External lateral view ofleft valve, holotype, RMMo 16335, x2.2. OD. Hinge of right valve, RMMo 2 1 504, x9. 1 .  DE. Externallateral view ofleft valve, RMMo 
1525 1 6, x2.5 .  OF. Hinge of right valve, RMMo 1 52530, x9.3. OG. Hinge ofleft valve, note ligament groove (at arrows) ,  RMMo 1 52529, x7.9.  OH. Lateral 
view of internal intern al mould ofleft valve showing muscular impressions of anterior adductor muscle scar (aa) , posterior adductor muscle scar (pa), and 
pallial line (at arrows), LO 6290t, x2.4. DI. Hinge ofleft valve, same as E, x9.3 .  DI. Hinge ofleft valve, RMMo 1 525 1 7, x8.3 .  DK. Hinge of right valve, RMMo 
1525 18 ,  x7.5 .  All speeimens from the Whitcliffian Burgsvik Beds, at Burgsvik, except for H which is from Valar l, Gotland. 
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as having hinge teeth subparallel to the dorsum and overlap
ping one another posteriorly (Pojeta et al. 1986). 

In the two present species, Radiatodonta sp. l and Radiato
donta sp. 2, the hinge teeth are dorsally convergent. 

Radiatodonta Sp. l 
Figs. 16D, 27, 5 1B, D 
Material. - A right valve, RMMo 1 58325. Fig. 5 1 B, D. 

Description. - Shell large (maximum length ca. 70 mm) ro
bust, diagonallyelliptical, inequilateral, well inflated, margins 
even, shell surface smooth with concentric growth lines, 
beaks subanterior, small, dose together, located slightly 
above dorsal margin; shell maximum convexity in posterior 
half and at about mid-height; no escutcheon; no lunule; 
dorsal margin long, slightly convex; anterior margin short, 
lobate; posterior margin long, probably evenly rounded; 
ventrai margin long, sinuous; length of specimen 60 mm 
(incomplete) ,  height of specimen about 25 mm. Hinge line 
convex, hinge plate strong with a robust, diagonal cardinal 
tooth just below beak, flanked by at least two small elongate 
teeth; posterior part of dorsal margin extends in tooth-like 
projection; large conspicuous, deep circular anterior adduc
tor musde scar, deep circular pedal-byssal muscular scar 
between anterior adductor musde scar and hinge plate. 
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Comparisons. - Radiatodonta sp. l differs from Radiatodonta 
sp. 2 in having a more sinuate ventral margin, being more 
gibbous, and in lacking a distinct umbonal ridge. 

Ecology and habitat. - This species is characterized by a con
spicuously sinuated ventral margin suggesting the presence of 
a byssus. It most probablywas a slow burrower and is assumed 
to have had an endo-byssate life position. 

Radiatodonta sp. l was found in oolitic limestone indicat
ing an original substrate of coarse oolitic sand. 

Occurrence. - Ludlovian (Whitdiffian) Burgsvik Beds, local
ity unknown, Gotland. 

Radiatodonta Sp. 2 
Figs. 23: 15 ,  25, 27, S IA, C 

Material. - A right valve, RMMo 1 58259. Fig. S IA, C. 

Description. - Shell large (maximum length ca. 65 mm),  ro
bust, diagonally elliptical, inequilateral, moderately inflated, 
margins even, shell surface smooth with concentric growth 
lines; beaks subanterior, small, dose together, located slightly 
above dorsal margin; umbonal ridge prominent in proximal 
part; maximum convexity at about mid-Iength and mid
height of shell; no escutcheon; no lunule; dorsal margin long, 
slightly convex; anterior margin short, narrow; posterior 

Fig. 51. DA. Radiatodonta sp. 2. Hinge of right valve, RMMo 158259. Whitcliffian Burgsvik Beds at Gansviken, Gotland. DB. Radiatodonta sp. ! .  Hinge of 
right vaJve, RMMo 1 58325, x3.0. Whitclifian Burgsvik Beds, probablyat Burgsvik, Gotland. De. Radiatodonta sp. 2 .  ExternaJ lateral view of right valve, same 
as A, xO.9. OD. Radiatodonta sp. ! .  External lateral view of incomplete right valve, same as B, x 1 .2 .  



74 LouisLiijedahl 

marginlong, evenlyrounded;ventralmarginlong, in anterior 
part convex, in posterior part sinuated; total length of mea
sured specimen 65.3 mm: height 3 1 .7 mm; width 10.0 mm. 
Hinge line convex, hinge plate strongwith atleast two dorsally 
convergent teeth and two sockets; posterior adductor musde 
scar in antero-dorsal position, dose to dorsal margin; deep 
subcircular anterior adductor musde scar. 

Comparisons. - Radiatodonta sp. 2 differs from Radiatodonta 
sp. 1 in the following way. The ventral margin of Radiato
donta sp. 1 is concave while that of Radiatodonta sp. 2 is 
convex in its anterior part and concave onIy in its posterior 
part. Radiatodonta sp. 2 also exhibits an umbonal ridge, in 
contrast to Radiatodonta sp. 1, and its shell is more com
pressed than that of Radiatodonta sp. 1. Radiatodonta sp. 2 
differs from ?Colpomya lokei by its conspicuously sinuated 
posterior part of the ventral margin, sharper umbonal ridge, 
lower umbo, and smaller beak. 

Eeologyand habitat. -This species exhibits great similarities in 
shell morphology to extant endo-byssate mytilids, in that it 
has an elongate, compressed shell, maximum convexity 
above mid -height, and the angle between the line through the 
ligament and the one through the centre of the two adductor 
musde scars is almost the same as in Modiolus modiolus (see 
Stanley 1972, p. 1 72, Text-fig. 4C) . Radiatodonta sp. 2 has a 
decidedly compressed shell and is thus considered to have 
been a rapid burrower (Fig. 23: 15 ) .  It is suggested that this 
species had a semi-infaunal, endobyssate life habit (Fig. 13 ) .  

Radiatodonta sp. 2 was found in  a coarse oolitic limstone, 
the original sediment being coarse, oolitic sand. 

Oeeurrence. - Ludlovian (Whitdiffian) Burgsvik Beds at 
Gansviken, Gotland. 

Genus Goniophora Phillips, 1 848 
Fig. 36  

Type speeies. - Goniophora cymbaeformis Sowerby, 1 839. 

Emended diagnosis. - Shell equivalve, strongly inequilateral, 
posteriorly elongated, rather inflated with strong, angular 
umbonal ridge extending from beak diagonally to inferior 
angle; beaks small, dosely incurved, prosogyrate; umbo 
prominent; margins even; external opisthodetic ligament, 
possiblywith additional internal portion; comarginal growth 
lines, in some cases with radial elements on ventral half of 
shell; hinge plate small, fairly strong, supported by anterior 
and posterior ridge forming a septum anteriorlyand a slender 
plate or flange posteriorly; hinge either with a single tooth in 
left valve and a corresponding socket in right, or each valve 
having one conspicuous cardinal tooth in ventral part of 
hinge and one marginal tooth (in some cases two) in dorsal 
part of hinge plate, teeth diagonally arranged; no lateral 
elements of the hinge; anterior and posterior adductor 
musde scars observed; pallial line integripalliate. 

FOSSILS AND STRATA 33 ( 1994) 

Systema tie position. - The concept of the genus Goniophora 
Phillips, 1 848 (in Phillips & Salter 1 848) ,  has long been 
debated. The original erection of this genus was not accom
panied by any diagnosis, and the hinge characters of the type 
species Goniophora cymbaeformis (Sowerby, 1 839) are still 
unknown. 

The features in the original illustration of Goniophora 
cymbaeformis (Sowerby 1839, Pl. 3 : 10 ;  sampled from the 
Downtonian Long Quarry Beds at Chapel Horeb east of 
Llandovery, South Wales) ,  which several authors have inter
preted as hinge teeth (Fig. 521 herein) ,  are in fact two narrow 
ridges (cf. identical structures in Goniophora onyx; Fig. 52E 
herein) .  

The taxonomic affinities of  Goniophora have been dis
cussed elsewhere (Liljedahl I984, pp. 63-66), and, to sum it 
up, there seem to be two different kinds ofhinges described in 
'Goniophora-like' species (with the typical umbonal ridge) ,  
viz. one equivalved type (equal number of teeth and sockets 
in each valve; Fig. 52F, H) ,  and one inquivalved type (uneven 
number ofhinge teeth in the two valves) .  

Based on external features, an array of shells with a diagonal 
umbonal keel have been assigned to Goniophora. Except for 
the diagonal keel, they may exhibit pronounced dissimilar 
shape and sculpture. McLearn ( 19 18, p. 140) erected the 
genus Cosmogoniophora (hinge unknown) for Goniophora
like shells with radial striae, from the Upper Silurian ofN orth 
Arnerica (type species Goniophora bellula Billings) .  Dahmer 
( 1936, p. 23) referred shells similar to Goniophora, also with 
fine radial costellae and unknown hinge, from the Lower 
Devonian of Germany, to the new genus Tylophora (type 
species Goniophora eoncentrica Drevermannn) . Isberg ( 1 934, 
p. 202) considered Goniophora-like shells withouthinge teeth 
from the Upper Ordovician from Sweden to belongto his new 
genus Goniophorina, and Cosmogoniophora-like shells with
out hinge teeth from the same beds belong to the new 
subgenus Goniophorina ( Cosmogoniophorina) (Isberg 1934, 

p. 207). Specimens ofIsberg's 'tooth-Iess' taxa were prepared 
out of an extremely dense and hard, crystalline limestone. I 
have studied the original specimens and cannot daim with 
certainty whether or not these shells had hinge teeth prior to 
preparation. No specimens of Goniophorina ( Cosmogonio
phorina) have any diagnostic radial shell sculpture. Isberg 
heavily embellished the photographs ofhis plates. 

In the present material two of the species referred to 
Goniophora show radial sculpture, viz. Goniophora acuta and 
Goniophora brimeri. Unfortunately, no hinge structure has 
been observed in either of these, and, consequently, their 
generic affinity cannot be confirmed. 

' Goniophora-like' specimens with unknown hinge charac
ters may belong to two or more different genera. External 
sculpture and shell form, on the other hand, are not consid
ered as of generic but of specific significance. Thus, Cosmo
goniophora McLearn, Tylophora Dahmer, Goniophorina 
Isberg, and Goniophorina ( Cosmogoniophorina) Isberg are 
suggested to be synonyms of Goniophora Phillips. 
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Fig. 52. 0A-H. Goniophora onyxLiljedahl, 1 984. DA. Internal lateral viewofleftvalve (holotype), SGU Type 3736, x 1 .9, sample G79-90LJ. DB. Internal lateral 
view of right valve (holotype), SGU Type 3735, X 1 .9, sample G79-90LJ. De. Internal lateral view of right valve, SGU Type 8372, x2.0. OD. External lateral 
view of right valve, x2.0, same as e. DE. Internal ventro-lateral view ofleft valve (holotype) showing anterior and posterior reinforcement ridge, respectively 
(at arrows) ,  x3.2. OF. Hinge of right valve (holotype), x6.7. OG. External dorsal view of right valve, same as C, D, x2. 1 .  OH. Hinge ofleft valve (holotype) , 
x7.7. All specimens from the Homerian Halla Beds at Mollbos 1 ,  Gotland. Ol. Goniophora cymbaeformis (Sowerby, 1839) .  External dorsal view ofincomplete 
right valve (holotype), illustrated by Sowerby ( 1 839, PI. 3 : lOa), British Geological Survey Geological Society collection no. 6689, showing two posterior 
reinforcement ridges, seen as slits in the mould (at arrows, see text),  x l .O. Chapel Horeb, Pridoli, Long Quarry Beds. 

Goniophora onyx Liljedahl, 1984 
Figs. 1 6F, 24,  27, 52A-H 

Synonomy. - 0 1 984 Goniophora onyx n.sp. - Liljedahl, 63-
72, Figs. 29-3 1 .  

Holotype. - One right valve, SGU Type 3735 (Fig. 52B, F )  and 
one left SGU Type 3736 (Fig. 52E, H) ,  both from sample G79-
90LJ. 

Type stratum. - Halla Beds, Late Wenlockian. 

Type locality. - Mollbos l, Gotland. 

Material. - Forty-two silicified single valves, eight of which 
with fairlywell preserved hinge, and one internal mould with 
parts ofshellmaterial preserved as calcium carbonate. RMMo 
2 1 745. 
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Diagnosis (from Liljedahl 1984) . - Goniophora with dorsal 
margin slightly convex, posterior margin evenly rounded, 
anterior margin lobate, ventral margin straight except for its 
proximal end, where it has a daw-like appearance laterally; 
hinge plate with one large cardinal tooth and one smaller 
marginal tooth with corresponding sockets separating them, 
obliquely placed in relation to hinge line; two ridges, or septa, 
supporting and originating from underneath the hinge plate, 
one anteriorly and the other posteriorly. 

Description. - See Liljedahl ( 1 984) . 2W/L = 0.56, H/2W = 
0.7 1 ,  H/L = 0.4 1 (N = 2) .  

Comparisons. - Among species with well-documented inter
nal features the Devonian species Goniophora secans Bar
rande, 1 88 1 ,  seems to be most dosely related to Goniophora 
onyx (see Liljedahl 1984) . However, it differs externally in the 
following way. Goniophora secans exhibits a more developed 
posterior end at the point of maximum extension of the shell 
(in G. onyx, this is in the anterior part), a less developed 
anterior lobe, and an umbonal ridge which is erect except for 
its proximalmost part, where it is dorsally indined. The 
umbonal ridge of G. onyxis dorsally indined from mid -length 
of the shell. Furthermore, the daw-like posterior end present 
in G. onyx is lacking in G. secans. 

Goniophora onyx differs from G. bragei and G. acuta by the 
daw-like shape of the shell, and from the latter also by its 
lobate anterior end, and in having a C-shaped umbonal ridge 
in the right valve, as seen in lateral view. The umbonal ridge 
of G. acuta is comma-shaped in the right valve. 

In its daw-like lateral silhuette, Goniophora onyx shows 
similarity to the Devonian G. schwerdi Beushausen ( 1 895, p. 
206, Pl. 1 7:22-30) which, however, has a much shorter shell. 

Ecology and habitat. - Goniophora onyx has a thin, compara
tively broad unornamented shell with a distinct umbonal 
keel. When seen in lateral view, the keel divides the shell in a 
large ventral part and a smaller dorsal part consisting of the 
posterior margin only. The life habit of this species is sug
gested to have been semi-infaunal with the keel at the sedi
ment/water interface, and, thus, with most of the shell buried 
(Fig. 24) . Specimens of Goniophora onyxwere isolated from 
a fine-grained argillaceous limestone which was once a soft 
mud. In such an environment the broad shell of this species 
would have produced a good physical stability ( 'snow shoe' 
effect; Thayer 1974) . Ifabyssus was present, therewas no need 
for it to be very strong. G. onyx has only been found as 
disarticulated valves. The disarticulation is probably due to 
intense bioturbation (Liljedahl 1985) .  

Occurrence. - Wenlockian Halla Beds at Mollbos l ,  Lud
lovian Hemse Beds at Hammarudd, Gotland. 
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Goniophora bragei n.sp. 
Figs. 24 ,  27 ,  53B-D, H 

Synonymy. - D? l895 Goniophora schwerdi n.sp. - Beus
hausen, p. 206, Pl. 1 7:22-30. 

Derivation of name. - After Brage, poet of V alhall and son of 
the god Woden, in the old Scandinavian mythology. 

Holotype. - A complete left valve, RMMo 1 58744. Fig. 53D. 

Type stratum. - Probably Burgsvik Beds. 

Type locality. - Unknown, probably Burgsvik, Gotland. 

Material. - Nine specimens, internal moulds with more or 
less complete shells preserved as calcium carbonate. 

Diagnosis. - Shell small, dorsal margin convex, posterior 
margin straight, anterior margin pointed and lobate, ventral 
margin almost straight; hinge plate with a single(?)  cardinal 
tooth and a socket in the right valve and corresponding 
features in the left; hinge plate reinforced by ridge anteriorly. 

Description. - Shell small (maximum length ca. 1 7  mm) , 
subtriangular (Fig. 53D), inflated, margins even, beaks small, 
dose together, strongly incurved, prosogyrate, high erect 
umbonal ridge, angular, becoming conspicuously narrow 
andhigh-crested posteriorly (Fig. 53D); maximum convexity 
at about mid-height and in upper half of the shell (Fig. 53H); 
shell surface smooth with comarginal growth lines; dorsal 
margin convex; anterior margin short, rounded, lobate; pos
terior margin almost straight, truncated; ventral margin long, 
almost straight; hinge line convex, hinge plate with at least one 

Fig. 53. DA. Goniophora brimeri n.sp. Dorsolateral view of internal east of 
artieulated specimen showing hinge reinforeement ridge (r) as a slit, 
hypertrophied posterior adduetor muscle (pa) sear, and posterior byssal 
muscle sear (pbr) ,  RMMo 2 1722, x2.6.  Ludlovian Hemse Beds at 
Ostergarn. DB. Goniophora bragei n.sp. External lateral view of right valve, 
RMMo 158722, x 1 .9. Whitcliffian Burgsvik Beds at Burgsvik. OC-D. 
Goniophora bragei. De. External lateral view of left valve, RMMo 2 1 656, 
x2.3. Whitcliffian Burgsvik Beds at Burgsvik. OD. External lateral view of 
left valve (holotype), RMMo 1 58749, x2.2. Whitcliffian Burgsvik Beds at 
RovaIds. OE-G. Goniophora brimeri n.sp. DE. Lateral view of left valve of 
internal east of artieulated speeimen, same as A, x2. 1 .  OF. Dorsal view of 
same speeimen as A, E, x 1 .9. OG. External lateral view of left valve of 
internal east of artieulated speeimen, RMMo 2 1 74 1 ,  X 1 .7, Wenloekian 
Visby Beds at Visby. OH. Goniophora bragei. External dorsal view of right 
valve, RMMo 1 58722, x2.4. Whitcliffian Burgsvik Beds at Burgsvik. Dl. 
Goniophora alei n.sp. Internal lateral view ofleft valve (holotype), RMMo 
158743, x4.4. Unknown loeality of the Burgsvik Beds. DI. Goniophora tyri 
n.sp. External lateral view of right valve (holotype), RMMo 2 1 682, x 1 .7. 
Ludlovian Hemse Beds at Linde Klint. DK. Goniophora alei. External 
lateral view of left valve (holotype), same as l, x3.0 .  DL. Goniophora alei. 
External dorsal view of left valve, (holotype), same as l and K, x3.9 .  DM. 
' Goniophora' sp. l. lnternal lateral viewofleftvalve, RMMo 1 58746, x 1 .65. 
Loeality unknown. ON. 'Goniophora' sp. l .  External lateral view of left 
valve (same as M) ,  x 1 .2 .  DO. Goniophora tyri. External dorsal view of 
incomplete left valve showing conspicuous 'finger print' shell seulpture, 
RMMo 2 1 753, x2.5 .  Ludlovian Hemse Beds atÅsa traskbaeke. All loealities 
in Gotland. 
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cardinal tooth and socket in each valve; hinge reinforced by 
posterior ridge; anterior septum not observed; deeply im
pressed anterior adductor muscle scar present, no other 
internal features observed, 2W/L = 0.69, H/2W = 0.63, (n = 
5) ,  HIL = 0.47. 

Comparisons. - Goniophora bragei seems to be most closely 
related to the Devonian G. schwerdiBeushausen ( 1 895, p. 206, 
Pl. 1 7:22-30; see also Maillieux 1937, p. 134, Pl. 10 :7) ,  from 
which it differs by its almost straight ventral margin. G. 
schwerdihas a pronounced sinuated ventral margin resulting 
in a hook-like appearance in lateral view. 

Goniophora bragei also shows some similarity to the Bohe
mian (Upper Silurian-Lower Devonian) G. testis Barrande 
( 1 88 1 ,  Pl. 26 1 :V) but differs from this by its straight ventral 
margin compared with the conspicuously convex ventral 
margin of G. testis. 

Goniophora bragei, with length/height ratio of 1 .92, also 
resembles the Bohemian (Silurian-Devonian) G. media Bar
rande ( 1 88 1 ,  Pl. 357:9), which, however, is decidedly longer 
(L/H = 2.73 ) .  

Goniophora bragei shows some similarity to  the Silurian G. 
perangulata Hall, 1 870 (in Hall 1885, p. 293, Pl. 34:2) ,  but the 
umbonal ridge of that speeies is more dorsally inclined in the 
anterior half of the shell and, furthermore, it has a distinet 
mesial suleus. 

The Ordovician Goniophorinasolvenslsberg, 1934, is exter
nally reminiscent of Goniophora bragei, but its internal fea
tures are unknown and thus, its systematie relationship is 
difficult to establish. 

Ecology and habitat. - Goniophora bragei has a small and 
unsculptured shell characterized byits sharp-edged umbonal 
keel. It has been found only as single valves in oolitic lime
stones and sandstones, indicating an unstable habitat. G. 
bragei is believed to have had a semi-infaunal life position 
(Fig. 24) and been provided with a byssus. 

Occurrence. - LUdlovian (Whitcliffian) Burgsvik Beds at 
Burgsvik, Gotland. 

Goniophora brimeri n.sp. 
Fig. 27, 53A, E-G 

Derivation ofname. - After Brimer, a by-name of Mimer, the 
infernal ruler and guardian of the spring ofwisdom, from the 
old Scandinavian mythology. 

Holotype. - A complete articulated steinkern, RMMo 2 1 722. 
Fig. 53A, E-F. 

Type stratum. - Ludlovian Hemse Beds. 

Type locality. - Ostergarn, Gotland. 

Material. - Fifteen specimens preserved as internal moulds or 
with shell material. 
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Diagnosis. - Goniophora with posterior margin evenly 
rounded, ventral margin straight, non-Iobate and truncate 
anterior end, S-shaped umbonal ridge; hinge with one ante
rior septum and one posterior ridge. 

Description. - Shell medium-sized (maximum length ca. 
28 mm) , lanceolate (Fig. 53E, G),  inflated, margins even; shell 
surface smooth with comarginal growth lines, ventral half 
also with radial riblets; beaks small, close together, incurved, 
prosogyrate; umbonal ridge S-shaped in lateral view, angular, 
laeking crest, dorsally inclined; maximum convexity at mid
length and at mid-height of shell; dorsal margin short, 
stronglyconvex; anterior margin short, truneate, non-Iobate; 
posterior margin long, evenly rounded; ventral margin 
straight to slightly concave; posterior reinforcement ridges 
observed (Fig. 53A, E-F) ;posterioradductormusclescarwith 
associated byssal-pedal retractor muscle scar observed (Fig. 
53A, E) ,  2W/L = 0.6 1 ,  H/2W = 0.65, (n = 5) ,  HIL = 0.48 
(n = 1 ) .  

Comparisons. - Goniophora brimeri i s  most easily distin
guished from G. bragei, with which it seems to be most closely 
related, by its non-Iobate anterior end, its S-shaped umbonal 
ridge, and by the fact that it lacks a crest on the umbonal ridge. 

Ecology and habitat. - Goniophora brimeri has a compara
tively broad shell with reduced anterior lobes and a conspicu
ous pedal-byssal muscle scar, indicating the presenee of a 
byssus. This species has been found in fine-grained lime
sto nes and siltstones, and it probably had a semi-infaunal life 
position. Most speeimens of G. brimeri are preserved as 
articulated speeimens, which strengthens the assumption 
that the fine-grained sediments, in which they have been 
found, represent their original habitats. 

Occurrence. -Llandoverian Lower Visby Beds or Wenlockian 
Upper Visby Beds at Visby; Wenlockian Slite Beds at Vall 
kanal; LUdlovian Hemse Beds at Petesvik, Gotland; Klinta 
Formation at Klinta and Ramsåsa, Scania. 

Goniophora tyri n.sp. 
Fig. 24, 27, 53J, o 
Derivation of name. - From the old Scandinavian Aesir war 
god Tyr, son ofWoden. 

Holotype. - An almost complete right valve, RMMo 2 1 682. 
Fig. 53]. 

Type stratum. - Ludlovian Hemse Beds. 

Type locality. - Linde Klint, Gotland. 

Material. - Nine disarticulated incomplete specimens pre
served with shell material as calcium carbonate. 

Diagnosis. - Goniophora with evenly posterior margin 
rounded, slightly concaveventral margin, S-shaped umbonal 
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ridge, conspicuous transverse 'finger print' sculpture, and 
hinge with one cardinal tooth and socket in each valve. 

Description. - Shell medium-sized (maximum length ca. 
35 mm), sublanceolate (Fig. 53J), inflated, anterior part 10-
bate, shell surface with conspicuous transversly undulating 
costellae (Fig. 530); beaks small, dose together, prosogyrate; 
dorsally indined, S-shaped (from a lateral view) umbonal 
ridge; dorsal margin long, convex; anterior margin short, 
lobate; posterior margin long, evenly rounded; ventral mar
gin slightly concave; hinge line convex, hinge with one diago
nal cardinal tooth and socket in each valve; no other internal 
features observed. 2W/L = 0.56 ( n  = 3 ) .  

Comparisons. - Goniophora tyri differs from all other de
scribed Goniophora species by its conspicuous rugose trans
verse shell sculpture. It shows dose external similarity to 
Goniophora sp. from the late Ordovician (Ashgill) ofIreland, 
illustrated by Tunnidiff ( 1 982, p. 80, Pl. 12 :  15 ) .  The hinge of 
that unnamed species of Goniophora, is however, unknown. 

Ecology and habitat. - This speeies is primarily distinguished 
by its unique shell sculpture of transverse finger-print-like 
concentric costellae. Possibly, these strengthened the shell, 
but they may also have assisted in keeping the valves in a stable 
life position. 

The umbonal keel divides the shell in two subequal halves, 
resulting in a life position with more than half the shell above 
the sediment surface when positioned with the umbonal keel 
parallel to the surface. The speeies has been found in siltstones 
and coarse-grained limestones, and its fairly broad shell 
suggests a semi-infaunal mo de oflife, as presented in Fig. 24. 
No muscular impressions have been observed, but probably 
it had a byssus to maintain a stable life position, in view of the 
fact that such a great part of the shell is likely to have been 
above the sediment surface. 

Occurrence. - Ludlovian Hemse Beds at Linde klint, Gotland. 

Goniophora alei n.sp. 
Fig. 27, 53! ,  K, L 
Derivation of name. - After the old Nordic name Ale. 

Holotype. - An incomplete left valve, RMMo 1 58743 with 
shell preserved as calcium carbonate. Fig. 531, K-L. 

Type stratum. - Unknown. 

Type locality. - Unknown, Gotland. 

Material. - Only the holotype. 

Diagnosis. - Goniophora with a conspicuously gibbous valve, 
a sharply defined umbonal ridge and an involute beak. 

Description. - Shell small (length 1 3  mm),  lanceolate (Fig. 
53K), gibbous, margins even, shell surface with comarginal 
growth lines, beaks conspicuously small, dose together, 
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prosogyrate, involute (Fig. 53L); umbo high, umbonal ridge 
S-shaped in the leftvalve, with erect crest; maxirnum convex
ityataboutmid-heightandmid-lengthofshell; dorsalmargin 
convex; anterior margin almost non -lobate; posterior margin 
convex; ventral margin slightly convex: no internal features 
observed. 2W/L = 0.84, HIL = 0.47 ( n  = 1 ) .  

Remark. - N o  other species o f  the genus exhibits such a 
strongly incurved beak, which in this case is best described as 
involute, with the possible exception of G. acuta Sandberger 
(in Beushausen 1895, p. 2 1 1 , Pl. 17 : 1-3) ,  which otherwise is 
quite dissimilar to the present species. 

Comparisons. - This species is easily distinguished from most 
known speeies of Goniophora by its strongly involute beak. 

Ecology and habitat. - This speeies exhibits the broadest shell 
of all the speeies of Goniophora dealt with here. It shows 
similarity to living endo-byssate mytilids in exhibiting a 
triangular cross section with maximum width at mid-height 
of shell. Thus, it may have had a semi-infaunal life habit and 
have been attached with a strong byssus. 

Goniophora alei has been found in oolitic limestones sug
gesting an original high-energy habitat. In such an environ
ment, an effective byssus is a prerequisite to maintain a stable 
life position for a small, relatively thick-shelled endobyssate 
bivalve. 

Occurrence. - Locality and horizon unknown, Gotland. 

Goniophora acuta Lindstrom, 1 880 
Figs. 24 ,  27 ,  54A-H 

Synonymy. - Dnon 1850 Cypricardia? acuta n.sp. - Sand
berger, p. 263, Pl. 27: 12 .  Dnon 1870 Sanguinolites acutus 
Hall - Hall, p. 37. Dnon 1877 Sanguinolites acutus Hall 
Miller, p. 202. Dnon 1877 Goniophora acuta Hall - Miller, p. 
192 .  Dv* 1880 Goniophora acuta Lindstrom - in Angelin & 
Lindstrom, p. 19, Pl. 19:23-26. Dnon 1881  Goniophora acuta 
Barrande - Barrande, p. 8 1 .  Dnon 1885 Goniophora acuta 
Hall - Hall, p. 295, Pl. 43: 1-3. 

Holotype. - A complete, deformed articulated speeimen, 
RMMo 1 5041 7, preserved as calcium carbonate. Fig. 54A, D. 

Type stratum. - Klinta Formation, Late Ludlovian. 

Type locality. - Klinta, Scania. 

Material. - Four articulated speeimens showing external fea
tures only, preserved as calcium carbonate. 

Emended diagnosis. - Goniophora with long dorsoposterior 
margin and subparallel anteroventral margin, conspicuously 
narrow and elongated and with high inflation, erect umbonal 
ridge. 

Description. - Shell large (maximum length ca. 50 mm), lan
ceolate (Fig. 54B) ,  conspicuously elongate, margins even, 
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shell surface with conspicuous comarginal growth threads 
(Fig. 54B, C, G), ventral half also with radial riblets (Fig. 54F);  
beaks small, terminal, dose together, slightly prosogyrate; 
umbo high with angular, erect umbonal ridge slightly curved; 
maximum convexity in anterior and lower part ofshell; dorsal 
margin long, almost straight; anterior margin short, almost 
straight; posterior margin long, evenlyrounded; ventral mar
gin slightly convex; no internal features observed. 2W/L = 
0.45, HI2W = 0.65 ( n  = 4),  HIL = 0.22 ( n  = 1 )  

Comparisons. -This species is easily distinguished from other 
speeies of the genus by its narrow, elongated lateral shell 
shape, which is particularly emphasized by the acute angle 
formed by the dorsal and anterior margin, respectively. 

Eeology and habitat. - The shell of Goniophora aeuta is con
spicuously flattened and broad. The straight diagonal keel 
divides the shell into two equally large parts. In addition to the 
fine concentric shell pattern, the ventral half also exhibits a 
coarser radial sculpture, possibly strengthening the shell and 
also stabilizing the animal in its reclining life position. The 
beak is small and pointed and unsuitable for attachment of 
strong byssal musdes. G. acuta has been found in fine
grained, argillaceaous limestones and siltstones. One speei
men has been collected in situ with the diagonal keel parallei 
to the bedding plane (Fig. 54H) .  Specimens have only been 
found articulated, indicating an original low-energy habitat. 
In substrates of such habitats, there was no need for the flat, 
low-profile shell of G. acuta to have a byssus in order to 
maintain a stable life position on the sediment surface 
(Fig. 24) .  

Oeeurrence. -Wenlockian Slite Beds at Valbytte 3;  Ludlovian 
Hemse Beds at Petesvik, Gotland, and Klinta Formation at 
Klinta, Scania. 

Fig. 54. OA-H Goniophora acuta Lindstriim, 1880. DA. External dorsal 
view of articulated specimen (holotype; same as D),  anterior facing left, 
RMMo 1 504 17,  x l .S .  Whitcliffian Klinta Formation at Klinta, Scania. DB. 
External lateral view of right valve of articulated speeimen. Note radial 
sculpture in ventraI half ofvalve, RMMo 1 58729, x 1 .3 .  Ludlovian Hemse 
Beds at Petesvik, Gotland. OC External dorsal view of articulated speei
men, same as B, x 1 .3 .  OD. External lateral view of left valve of holotype 
(specimen somewhat dorsoventrally compressed, owing to compaction), 
x 1 .3 .  DE. External anterior view of articulated speeimen (same as A, D),  
x 1 .3 .  OF. External ventraI view of articulated speeimen, note radial shell 
sculpture (same as C, E) .  OG. Shell surface sculpture of dorsal part of shell. 
OH. External lateral view of articulated speeimen in life position (at 
arrows) with umbonal ridge parallei to bedding plane (substrate bed 
eroded),  LO 6346t, xO.9. Whitcliffian Klinta Formation at Klinta, Scania. 
DI. ' Goniophora' gymeri n.sp., external lateral view of right valve, RMMo 
158748, x 1 .2 .  Locality on Gotland unknown. DI. ' Goniophora' gymeri. 
External dorsal view of right valve, same as I, x 1 .2 .  DK. Mytilarca sp. 
Internal lateral view ofleft valve (see discussion in text), RMMo 8146, x 1 .3 .  
Klinteberg Beds at Ojlemyrs kanal, Gotland. DL. ' Goniophora' gymeri. 
Internal lateral view of right valve, same as I and 1, x 1 .3 .  DM. 'Goniophora' 
gymeri. External lateral view of right valve (holotype), RMMo 158726, 
x 1 .3 .  Wenlockian Slite Beds at Bjlirs, Gotland. 
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' Goniophord gymeri n.sp. 
Figs. 24, 27 ,  54I-J, L-M 

Systematie position. - The robust hinge plate of this speeies is 
distinet from the small hinge plate characteristic of typical 
Goniophora such as e.g., G. onyx. Most probably 'G. '  gymeri 
belongs to another, so far unrecognized, genus, and is only 
tentatively placed in Goniophora. 

Derivation of name. - After Gymer, a giant in the old Scandi
navian Mythology. 

Holotype. - An incomplete left valve, RMMo 1 58726. Fig. 
54M. 

Type stratum. - Wenlockian Slite Beds, Gotland. 

Type loeality. - Bjars, Hejnum, Gotland. 

Material. - Four fragmented speeimens preserved with cal
cium carbonate shells. 

Diagnosis. - Dorsal margin long, convex; anterior margin 
short, pointed; anterior and middle part of ventral margin 
straight; beak small, terminal; hinge plate triangular, robust, 
anterior adductor musde scar on umbonal shelf. 

Deseription. - Shell large (maximum length ca. 45 mm) , lan
ceolate elongate (Fig. 541, M),  inflated; margins even; beaks 
extremely small, dose together, incurved, prosogyrate; C
shaped umbonal ridge in a right valve; maximum convexity 
above mid-height and at about mid-Iength of shell; shell 
surface smooth with comarginal growth lines; dorsal margin 
long, convex; anterior margin short, pointed, forming acute 
angle with the dorsal margin; posterior margin not observed; 
ventral margin long, anterior and middle part almost straight, 
posterior part not observed; hinge line convex, hinge plate 
robust, triangular; hinge teeth eroded; anterior adductor 
musde scar on umbonal shelf (Fig. 54L) : no further internal 
features observed. 2W/L = 0.79, H/2W = 0.55 ( n  = 4),  HIL = 
0.75 ( n  = 1 ) .  

Comparisons. - 'Goniophora' gymeri is distinguished from 
other Goniophora speeies by its large size, robust hinge, and its 
terminal beak. The terminal beak dosely resembles that of, 
e.g., Mytilarea. 'G.' gymeri seems to be most dosely related to 
'G. ' sp. l but differs from this by its C-shaped and more 
dorsallyinclined umbonal ridge in the proximal part, its more 
acute angle formedbythe anterior and dorsal margins, and its 
higher umbo. 

Ecology and habitat. - The shell of 'Goniophora' gymeri is 
large. Its umbonal keel is strongly sigmoidal and the beak 
terminal. The hinge plate is extremely thick and the anterior 
adductor musde scar is housed on an umbonal shelf (in 
contrast to the remaining speeies of this genus except for ' G.' 
sp. l herein) .  It shows similarities in external morphology to 
Recent epifaunal mytiliids as well as to the Pennsylvanian 
Promytilus NeweIl, 1 942, which is believed to have been 
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epifaunal, and which, in fact, is considered to be the ancestor 
of Mytilus (Newell 1942, p. 37) .  

Just like Promytilus, 'Goniophora' gymeri and 'G. '  sp.  l are 
found in coarse sediments which supports the suggestion that 
the latter two also lived epifaunally and were attached to larger 
partides (Fig. 24) . 

Oeeurrence. - Wenlockian Slite Beds at Bjars and Storugns, 
Gotland. 

' Goniophord Sp. l 
Figs. 24, 53M-N 

Systematie position. - The robust hinge plate of this species is 
distinet from the small hinge plate characteristic of 'typical' 
Goniophora such as G. onyx. 'G. '  sp. l is dosely related to 'G. ' 
gymeriand is suggested to belongto the same, as yet unnamed, 
genus as that speeies. It is thus only tentatively placed in 
Goniophora. 

Material. - One left valve, RMMo 1 58746, preserved with 
calcium carbonate shells, Fig. 53M-N. 

Deseription. - Shell large (length 41 mm) ,  thick, robust, lan
ceolate, margins even, shell surface smooth with comarginal 
growth lines; beaks small, dose together, prosogyrate; umbo 
low with S-shaped umbonal ridge in a left valve, maximum 
convexity obove mid-height and in posterior part of shell; 
dorsal margin long, convex; anterior margin short, pointed, 
forming an acute angle with dorsal margin; posterior margin 
long, truncated; ventral margin S-shaped; hinge line almost 
straight, hinge plate triangular, robust, hinge teeth eroded; 
anterior adductor musde scar on umbonal shelf: no further 
internal features observed, 2W /L = 0.65, HI2W = 0.8 1 ,  H/L = 
0.52 ( n  = 1 ) .  

Comparisons. - This speeies seems to b e  most dosely related 
to 'Goniophora' gymeri, from which it is distinguished by its 
lower umbo (Fig. 53M), less dorsally indined umbonal ridge 
in the proximal part, lesser acute angle formed by the anterior 
and dorsal margins, and its sinuated ventral margin and S
shaped umbonal ridge. 

Ecology and habitat. - The only speeimen of 'Goniophora' 
sp. l was found in a coarse-grained limestone suggesting a 
high-energy habitat. It is believed to have had a strong byssus, 
and probably it had an epifaunal life habit (Fig. 24) . 

Oeeurrence. - Unknown, Gotland. 

Subfamily Modiolopsinae n.subf. 
Fig. 36 

Diagnosis. - Modiomorphidae without hinge teeth. 

Type genus. - Modiolopsis Hall, 1847. 
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Genera. - Corallidomus Whitfield, 1 893; Modiolopsis Hall, 
1 847; Orthodesma Hall & Whitfield, 1 875; Pholadomorpha 
Foerste, 19 14; Whiteavesia Ulrich, 1 893; and others. 

Genus Modiolopsis Hall, 1 847 
Fig. 36  

Type speeies. - Modiolopsis modiolaris (Conrad, 1 84 1 )  

Diagnosis. - Equivalved, inequilateral, modioliform shell 
which expands posteriorly; opisthodetic, parivincular liga
ment, hinge plate narrow, edentulous; surface smooth; sub
isomyarian museulature, deeply impressed anterior musde 
scar, larger but fainter posterior adductor musde scar; several 
accessory pedal and byssal musde scars; pallial line non
sinuate, continuous. 

Modiolopsis alvae n.sp. 
Figs. 1 6E, 23: 1 6, 25 ,  27 ,  55 ,  56  

Derivation of the name. - After the old Nordie name Alva, 
feminine of Alvar, meaning earnest. 

Holotype. - A complete left valve, LO 6293T, preserved as a 
silicified repliea, sample G83-3LL. Fig. 55A. 

Type loeality. - Gothemshammar 7, Gotland, Sweden. 

Type stratum. - Halla Beds c, Homerian, Late Wenlockian. 

Material. - One complete left valve speeimen (holotype) and 
a number of fragments of silicified speeimens and a few non
silicified calcium carbonate speeimens. 

Diagnosis. - Shell large, compressed, length twice the height, 
hinge plate edentulous; myophoric buttress continuing as a 
narrow ridge posteriorly; anterior adductor musde scar with 
uneven posterior limitation, pallial line non -sinuate, formed 
by punctiform scars in anterior part and radial scars in 
medium part; conspicuous depression in anterior lobe. 

External features. -Shell large (maximum length ca. 36 mm) , 
subelliptical (Fig. 55A-B, E), equivalve, inequilateral, com
pressed, margins even; total length about twice the height; 
shell surface smooth with faint concentric increment sto ps; 
beaks subanterior, small, dose together, prosogyrate, almost 
in line with dorsal margin; no umbonal ridge, maximum 
convexity at about mid-length and at mid-height of shell; no 
escutcheon; no lunule; dorsal margin long, slightly convex; 
anterior margin straight, almost pointed, forming a con
spicuous anterior lobe; ventral margin long, almost straight; 
posterior margin evenly rounded; total length of measured 
shells 1 8 .2-36.2 mm (a = 27.98 mm; n = 8) :  L/H 1 .75-2 . 1 2  
(a  = 1 .93; n = 8) ;  H/2W = 1 .40-2.28 (a  = 1 .87. n = 3 ) .  

Internal features. - Hinge line slightly convex, hinge plate 
comparatively strong in anterior and central part, edentulous 
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Fig. 55. Modiolopsis alvaen.sp. DA. Internal lateral view ofleftvalve (holotype) showing posterior adductor muscle scar (pa) ,  posterior byssal retractor muscle 
scar (pbr) ,  buttress (b),  and anterior adductor muscle scar (aa) , LO 6293T, x2.4, sample G83-3LL. DB. External lateral view of right valve, RMMo 1 58260, 
x l .  7. De. Internal lateral view of anterior part of right valve showing hinge with buttress (b) and muscular impressions of anterior adductor (aa) and ante ri or 
pedal retractor (pr), LO 6294t, x2,5, sample G83 - 1LL. OD. Internal lateral view of anterior part of left valve showing hinge with buttress (b), impressions 
ofanterior adductor (aa), and anteriorpedal retractor (pr), LO 6297t, x2.8. DE. Lateral viewofinternal cast ofleftvalve ofarticulated speeimen, RMMo 1 8623, 
x 1 .5. OF. Internal lateral view ofanterior part ofleftvalve showing anterior pedal retractor muscle scar (pr) and anterior adductor muscle scar (aa), LO 6296t, 
x2.9. OG. Hinge of right valve, RMMo 1 58260, x3.8 .  OH. Hinge of left valve, LO 6295t, x4.2, sample G83 - 1 LL. All speeimens from the Wenlockian Halla 
Beds at Gothemshammar 7, Gotland. 

(Fig. 55A, C, G-H);  hinge plate continuing posterior to beak 
in a conspicuous ridge, or buttress, diverging from dorsal 
margin, and becoming fainter distally (Fig. 55C); large, circu
lar, weakly impressed posterior adductor muscle scar (Fig. 
55A) in a posterodorsal position at some distance from the 
shell margin (No. l in Fig. 56); subcircular, large anterior 
adductor muscle scar (Fig. 55C, D-F),  deeply incised, espe
cially in its posterior part (No. 2 in Fig. 56); one deep, 
medium-sized, circular scar (Fig. 55A, C-D, H) in an anterior 
position in the umbonal cavity (No. 3 in Fig. 56); one small 

scar in contact with the anterior adductor muscle scar in a 
posterodorsal position (No. 4 in Fig. 56); two small scars (Fig. 
55C) in contact with the anterior adductor muscle scar in a 
posterior position (Nos. 5-6 in Fig. 56); hypertrophied 
anteroposterior part of the posterior adductor muscle scar 
(No. 7 in Fig. 56); pallial line non-sinuate, running from 
ventral end of anterior adductor muscle scar to posterior 
adductor muscle scar with punctiform scars in the anterior 
part, and radial scars in the medium part; conspicuous de
pression posterior to anterior adductor muscle scar. 
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Fig. 56. Modiolopsis alvae n.sp . Maximum number of muscular imprints 
in order of size. I: Posterior adductor muscle scar. Note hypertrophied 
dorsoanterior part indicating byssa! retractor muscle scar (no. 7 ) .  2: 
Anterior adductor muscle scar. 3 :  Anterior byssal-pedal retractor muscle 
scar. 4-6: Anterior pedal accessory muscle scars. 

Remarks. - The collection of silicified speeimens available is 
small and fragmentary, owingto incomplete silicification and 
to the fact that the material was most probably fragmented 
and wom prior to burial. The shells also have been heavily 
attacked by boring and other destructive organism activity. 

Since no articulated speeimens have been isolated, the 
relative convexity of the opposing valves cannot be precisely 
determined but is suggested to have been approximately 
equal. 

The ridge (buttress) originating from the hinge plate pos
siblyserved as a reinforcement of the hinge of a comparatively 
thin shell (cf. similar structures in the almost contemporane
ous Goniophora onyx Liljedahl 1984, Fig. 52E herein) .  

Modiolopsis alvae shows no  indication of  the presenee of 
any extemal ligament (nymph or such), nor of any intemal 
one. The dorsal margins of the valves seem to meet and dose 
tighdy, suggesting the presenee of an intemallinear, or 'myti
lid', ligament, although no ligamental ridges have been ob
served. Pojeta ( 1971 ,  p. 2 1 )  diseussed the ligament in some 
well preserved silicified Ordovician modiomorphids. He, 
too, observed no ligament ridges such as those characteristic 
ofRecentMytilidae (Pojeta 197 1 , p. 2 1 , PIs. 13 :6-8, 1 7: 1 , 3 , I l , 
13 ;  see also Trueman 1950; Soot-Ryen 1955) . 

The pattem of museular impressions, as well as the shell 
shape of Modiolopsis alvae, indicate a byssally attached life 
habit (see discussion below in the section 'Ecology and habi
tat' ) .  Although being heavily impressed, the anterior adduc
tor musde scar is reduced in size compared to the posterior 
one. The irregular limitation of the anterior adductor musde 
scar indicates the presenee of two additional scars (Nos. 5--6 
in Fig. 56) which, together with the conspicuously deep scar 
just belowthe anteriorpartofthehingeplate (No. 3 in Fig. 56), 
are believed to be the sites of pedal and byssal-pedal retractor 
musdes. Also the hypertrophied anterodorsal end of the 
posterior adductor musde scar indicates the incisement of a 
separate musde, most probably a posterior byssal-pedal 
retractor musde (No. 7 in Fig.56). 
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Systematie position. - Modiolopsis alvae exhibits characteris
ties typical of modioliform modiomorphids, such as ob
liquely subovate shell shape, anterior reduction of shell, 
inconspicuous beaks, compressed valves, and complex pat
tem of accessorymusde scars in the anterior umbonal region. 
Although the hinge is strenghtened by a buttress, which has 
not been observed in anyother modiomorphid, and the hinge 
plate is considerable thinner than in Modiolopsis, it is tenta
tively placed in Modiolosis. 

Also Whiteavesia Ulrich exhibits similarities to Modiolopsis 
alvae, such as general shell form (except for its concaveventral 
margin) ,  and the broadening of the hinge plate below the 
beak. Furthermore, Whiteavesia has large, prominent um
bones. Both Modiolopsis and Whiteavesia have a museular 
pattem similar to that of Modiolopsis alvae. 

Endodesma Ulrich bears some resemblance to Modiolopsis 
alvae in gross shell shape but differs from it in exhibiting a 
prominent umbo with deep umbonal sulcus, resuting in a 
sinuated ventral margin, and also in the fact that it lacks a 
myophoric buttress. 

Speeies of Orthodesma Hall & Whitfield and Psiloconcha 
Ulrich also resemble Modiolopsis alvae, but these have gaping 
shells contrary to the latter's tighdy fitting shells margins. 

Other modiomorphid genera, such as Modiolodon Ulrich 
and Modiomorpha Hall & Whitfield, also contain speeies 
bearing similarities to Modiolopsis alvae, but these possess a 
strong hinge with conspicuous cardinal tooth or teeth. 

Comparisons. - The edentulous Ectenocardiomorpha acuta 
Isberg, 1934, from the U pp er Ordovician ofDalama, Sweden, 
shows extemal similarities to Modiolopsis alvae, except for its 
more pronounced umbo and umbonal ridge. The general 
shape of Ectenocaridomorpha acuta is subtrigonal, while Mo
diolopsis alvae is typically elongate. 

Ecology and habitat. - Modiolopsis alvae is principally stream
lined, i.e. elongate and compressed, with an incouspicuous 
umbo that hardly reaches above the dorsal margin, and a 
smooth shell surface. Accordingly, based on extemal features 
alone, this speeies seems to have been well adapted for bur
rowing in soft substrates. In the diagram of Fig. 23, it falls 
within the region of rapid burrowing (Fig. 23: 16) .  

However, its shell form, except for the non-sinuated ven
tral margin, also resembles that of modem endo-byssate taxa, 
e.g., Modiolus americanus Leach. The general pattem of mus
cular impressions of Modiolopsis alvae is reminiscent of that 
of Recent mytilids as well as that of several other Palaeozoic 
modioliform modiomorphids. 

Modiolopsis alvae has a reduced anterior end, but the 
reduction is not as pronounced as in modem epibyssate taxa, 
such as Mytilus. The maximum convexity of the valves of 
Modiolopsis alvae is at about mid-length and mid-height of 
the shell, i.e. it lacks the typical triangular cross section with a 
maximum convexity below mid-height seen in epibyssate 
speeies. 
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Taking into accountalso the muscularpattem, Modiolopsis 
alvae shows characteristics typical of both rapid-burrowing 
species as well as of non-burrowing, endo-byssate species. I 
suggest that M. alvae was a weakly byssate. semi-infaunal 
burrowing species (Fig. 25) .  

The specimens from the Halla and Hemse Beds were found 
in extremely argillaceaous limestone, suggesting a soft origi
nal substrate. In such an environment a functional byssus is 
advantageous to keep a long shell in a safe life position (see 
discussion of Modiodonta gothlandica) . 

The Burgsvik specimens are smaller and shorter than the 
above mentioned ones and lived in a more unstable environ
ment, as indicated by the oolitic limstone in which they were 
found. 

Occurrence. - Wenlockian (Homerian) Halla Beds at Got
hemshammar 7, Klinteberg Beds at Bryggans fiskelage; Lud
lovian Hemse Beds at Ostergam; Whitdiffian B urgsvik Beds, 
Gotland. 

Summary 

The Silurian Nuculoida of Gotland and Modiomorphidae of 
Sweden have been studied in terms of taxonomy, dassifica
tion, functional morphology, and stratigraphical distribu
tion. All available specimens of modiomorphids and nucu
loids have been investigated, induding several hundred 
specimens borrowed from the Swedish Museum ofNatural 
History, Stockholm, and the Geological Survey of Sweden, 
Uppsala. Additional material from the Department of His
torical Geology and Palaeontology, Lund is also induded in 
this study. Comparisons have been made with actual North 
American material. 

Because of the large quantity of nuculoid specirnens and in 
most cases also excellent state of preservation, it has been 
possible to reconstruct soft-part anatomy and functional 
morphology of most species. Life habit and ecology of these 
bivalves have been suggested accordingly. 

Three different nuculoid faunas have been studied with 
regard to life habit, including the reconstruction of feeding 
levels, or tiers, of the individual species. 

From the silicified fauna in the Halla Beds at Mbllbos, 
counting more than 3500 specimens, ontogenetic growth 
series for some of the nuculoid species have been constructed. 
Rare phen omena, such as traces ofparasites and of predators, 
pearl building etc. have also been recorded. Tiers of this 
bivalve community have been proposed. 

Twenty-one different species, assigned to 10 genera, are 
distributed among the different nuculoid families as follows: 
Nuculodonta gotlandiea, Ledopsis burgsvikensis, Similodonta 
djupvikensis, and Praenucula Jaba in Praenuculidae; Nucu
loidea lens, Nuculoidea pinguis, Nuculoidea burgsvikensis, Nu
culoidea sp. A, ?Nuculoidea ecaudata, and ?Nuculoidea sp. in 

Silurian bivalves from Sweden 85 

N uculidae; Caesariella lindensis, Ekstadia tricarinata, Ekstadia 
kellyi, Palaeostaba baltica, Nuculites solida, Nuculites sp. A, 
and Nuculites sp. B in Malletiidae; 'Nuculana' oolitica and 
'Nuculana' sp. A in Nuculanidae. Tancrediopsis gotlandica 
and Tancrediopsis solitudaare questionably referred to Malle
tiidae (cf. Pojeta 1988, p. 2 1 1 ) .  

The nuculoid bivalves studied ranges from at least the 
Wenlockian Visby Beds to the Sundre beds of Gotland. 
Nuculoids have been found in all units on Gotland except for 
the Tofta Beds, the Klinteberg beds, the Eke Beds, and the 
Sundre Beds. 

The different nuculoid species occur in lithologies laid 
down under various environmental conditions, from muds, 
fine-grained argillaceous limestones to coarse sandstones and 
oolitic limestones. 

The Silurian modiomorphids ofSweden are equivalved to 
subequivalved bivalves ofelongate subovate shell shape. They 
have a reduced anterior lobe and an opisthodetic elongate 
ligament, which resembles that of modem mytilids. They lack 
resilial ridges but instead they have grooves for the reception 
of the ligament. 

They exhibit typically small beaks and umbones, and most 
species have smooth, compressed, stream-lined shells well fit 
for efficient burrowing. The valves have either a hinge plate 
without teeth or with one or several cardinal teeth, or are 
provided with a cardinal tooth without a hinge plate. Poste
rior teeth of the hinge are lacking. 

The dosest living relatives of the Modiomorphidae, the 
Mytilidae, have only a small, rudimentary foot and lack 
normal pedal burrowing mechanism. Accordingly, they are 
not effective burrowers (Stanley 1972, p. 1 7 1 ) .  The modio
morphids under study, however, exhibit a muscular mor
phology pattem intermediate between highly effective bur
rowers, like nuculoids, and Recent mytilids. It is therefore 
suggested that the Silurian modiomorphids examined re
tained the ability of effective burrowing, and several of them 
also had a byssus for maintaining a stable life position. 

Four different modes of life have been suggested for the 
modiomorphids studied, viz. epifaunally epibyssate, semi
infaunally endobyssate, semi-infaunally non-byssate, and 
infaunally non -byssate (with fused mantle margins and pres
ence of siphons) .  

Some 25 species ofmodiomorphids are described, ofwhich 
22 are new. These belong to seven genera, two of which are 
new. Two new subfamilies are suggested. The taxa are: Sub
families Modiomorphinae and Modiolopsinae. Modiodonta 
gothlandicaLiljedahl, 1989, Colpomya huginin.sp., C munini 
n.sp., ? C heimerin.sp., ?C vakin.sp., ? C ranaen.sp., ?C audae 
n.sp., ? C balderin.sp., ? C lokei n.sp., ?C friggi n.sp., ?C sp. l ,  
Aleodonta burei n.gen and sp. ,  Mimerodonta atlei n.gen. and 
sp., M. njordi n.gen. and sp. ,  Radiatodonta sp. l, R. sp. 2, 
Goniophora onyx Liljedahl, 1984, G. bragei n.sp., G. brimeri 
n.sp., G. tyrin.sp. , G. alein.sp. ,  G. acuta Lindstrbm, 1880, 'G.' 
gymeri n.sp. ,  'G. ' sp. l ,  and Modiolopsis alvae n.gen. and sp. 
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The modiomorphids are generally rare constituents of the 
Silurian faunal associations in Sweden. However, when 
present they may form a substantial part of the bivalve fauna, 
for instance, that in the Wenlockian Mulde marl at Djupvik, 
Gotland. They have been found in sediments indicating a 
wide range of environmental conditions. Fine-grained lime
sto nes and siltstones, indicating moderate to low wave and 
current action, contain the most prolific faunas (low diversity 
but high numbers of each taxon) while coarse-grained sedi
ments such as oolitic limestones and sandstones have faunas 
ofseveral species butwith onlysmall populations ofeach. Reef 
environments were less favourable since most species were 
semi-infaunal soft bottom dwellers. 

The bivalves studied range from at least the Wenlockian 
Visby Beds of Gotland to the Pridolian Oved Sandstone in 
Scania. Modiomorphids have been found in all units on 
Gotland except for the Hogklint Beds, the Tofta Beds, the Eke 
Beds, the Hamra Beds and the Sundre Beds. They occur only 
in the uppermost Silurian units in Scania, viz. the Colonus 
Shale, the Klinta Formation and the Oved Sandstone. 

Four of the seven genera studied (Aleodonta, Colpornya, 
Mirnerodonta, and Modiodonta) seem to have been endemic 
to Baltoscandia in Silurian time. However, because coeval 
British bivalve faunas have been described on external, and 
thus systematicallyunsatisfactory, characters only, it maywell 
be that at least some of the endemic Gotland taxa had a wider 
geographic distribution than is now apparent. 
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