Discinid brachiopod life assemblages: Fossil and extant
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Fossilized natural life assemblages of rhynchonelliform
brachiopods have been recognized by many authors (e.g.,
Hallam 1961, Johnson 1977, Alexander 1994). Peculiar
grape-like clusters of extant rhynchonelliformeans have
been reported from New Zealand’s fjords (Richardson
1997). A communal mode of life in monospecific clusters
may also be recognized by the presence of Podichnus trace
fossils (Bromley & Surlyk 1973, Asgaard & Bromley
1990, Robison & Lee 2008).

Solitary discinid brachiopod shells in sifu attached to vari-
ous substrates are known from the Silurian to Recent
(Davidson 1878, Thomson 1971, Richards 1974, Lockley &
Antia 1980, Bassett et al. 2009). However, Sowerby (1846)
and Reeve (1862) followed by Davidson (1888) had already
described and figured several complex natural clusters of ex-
tant discinid brachiopods. Their reports imply that such natu-
ral clusters are common in Discinisca lamellosa (Broderip,
1833) and Discinisca laevis (Sowerby, 1822) [= D. sowerbyi
Muir-Wood, 1936]. Similar clusters have been described by
Bassett et al. (2009) in the Recent Discinisca cf. tenuis
(Sowerby, 1846) and the Ordovician discinid Kosoidea
cedarbergensis Basset et al., 2009. LaBarbera (1985) de-
scribed similar clusters of more than twelve individuals of
Discradisca strigata (Broderip, 1833), while solitary individ-
uals were reported as uncommon. In these clusters, the living
individuals are attached to one another by a short pedicle. Due
to taphonomic reasons, such as decay of soft tissues, there is
only a slight probability that these complex life clusters are
preserved in the fossil records. In addition, not all extant
discinid brachiopods form aggregations. Paine (1962) found
solitary shells of D. strigata on rock surfaces and a solitary
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habitat is common in other extant discinids. Solitary extant
discinids attach to various hard substrates, such as rocky sur-
faces, pebbles, mollusc shells, whale bones, and manganese
nodules (for review see Zezina 1961).

Several clusters of discinids, with shells in possible
original life position, have been observed among Devonian
and Carboniferous fossils. These clusters indicate that
some extinct discinids had the same ecology and the same
discoidal pedicle, adapted for fixation to hard substrates, as
their extant relatives.

Material

The material studied is housed in the palaeontological col-
lections of the Natural History Museum, London, Great Bri-
tain (BMNH), the palaeontological collections of the Mu-
seum of West Bohemia, Plzeti, the Czech Republic (ZCM),
and the palaeontological collections of the Museum of Dr.
B. Horék, Rokycany, the Czech Republic (MBHR).

Description of fossil clusters

Gigadiscina lessardi Mergl & Massa, 2005
Figures 1, 2

Taxonomy. — See Mergl & Massa (2005).

Geographical and geological setting. — The shells (ZCM S
03734/MAME 001) were collected by French geologists in
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Figure 1. Cluster of Gigadiscina lessardi Mergl & Massa, 2005. Lateral view of host specimen (A), the first (B) and the second (D) colonist specimens,
and top view of the whole cluster (C). ZCM S 03734/MAME 001. Scale bar 10 mm.

the In Rahir Tin Amzi section situated about 100 km west
of In Guezzam in North Niger (sample H 1053; N19°38’,
E 4°45"). The basal unnamed Devonian unit which rests
unconformably on Silurian bedrock, is probably of Pragian
age. It is a local basal unit of the Devonian to Carbonife-
rous marine sequence of the Tamesna Basin (Mergl &
Massa 2004, 2005).

Description. — The cluster of three specimens probably re-
presents their original life position (Figs 1, 2). The largest,
a 60 mm long host specimen (Fig. 1A, right) presented a
hard surface for two other similarly sized colonist speci-
mens (Fig. 1C, left and top). The highly conical dorsal
valve of the host individual bears two tightly attached pla-
nar ventral valves. These belong to conjoined specimens as
suggested from the periphery of the dorsal valves preserved
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on the strip of rock on which an external mould of the mar-
gins of both conical dorsal valves are preserved. Two pla-
nar ventral valves of the colonists are inclined conformably
at an angle to the host dorsal valve. The margins of the co-
lonist shells do not overlap the commissure plane of the
host specimen. The sizes of colonist specimens (53 mm
and 50 mm) are similar to the size of the host specimen
(60 mm). This minor difference indicates that the growth of
the host specimen was retarded for a time compared with
that of the colonist individuals.

The pedicle foramina of two colonist shells are elevated
only 3-5 mm above the shell surface of the host specimen,
indicating only a slight space between specimens. Judging
from shell morphology, the pedicle of Gigadiscina lessardi
protruded though a large circular subcentral foramen.
There is no large, inward depressed area adjacent to the



foramen, as is developed in some other discinid genera.
The listrium is very restricted, forming only a small
broadly triangular plate. It is thus suggested that the pedicle
was short, sub-cylindrical, having a large adhesive area
distally. In a retracted position, the inferred length of the
pedicle extending from the foramen was only a few milli-
metres.

Taphonomy. — Apart from the described cluster, other avail-
able topotypic specimens (11 specimens) of Gigadiscina
lessardi are represented by complete conjoined shells.
Their preservation indicates little or no transport of the
shells, and rapid burial in sand. The enclosing sediment is
sandstone, with scattered rounded quartz grains up to 3 mm
in size.

Synecology. — This species is associated with the large te-
rebratulid Pleurothyrella sp. and another large discinid si-
milar to Orbiculoides siegenensis Kayser, 1892, indicating
the Malvinokaffric Realm (Mergl 2001). Upwards, a more
diverse fauna of spiriferids, chonetids and trilobites appear,
indicating a deeper-water environment. The fossil associa-
tion represents a typical low-diversity, level bottom com-
munity in the shallow littoral zone. This suggests that the
environment was similar to shallow-water Orbiculoidea
dominated benthic communities of the Lower Devonian
(Boucot 1975, Boucot ef al. 2001). Similar giant discinids
from temperate to cool marine environments of lower De-
vonian age (Rowell 1965, Boucot et al. 2001) are someti-
mes associated with terrestrial vertebrate remains corrobo-
rating their extremely shallow-water habitat.

Interpretation. — The fossils represent a life cluster where
the colonist shells were fixed by a short pedicle to the simi-
lar sized host shell. The giant size of all individuals and
shape of the shell, with moderate conical dorsal valve and
planar ventral valve with subcentral pedicle opening, indi-
cates adaptation for fixation to a hard substrate in a turbu-
lent littoral environment (Mergl & Massa 2005).

Ochlertella tarutensis Havlicek, 1984
Figures 3, 4G-K, 6A

Taxonomy. — See Havli¢ek (1984), Havlicek & Rohlich
(1987), and Mergl & Massa (1992).

Geographical and geological setting. — The shells (MBHR
C 1731) were collected by Czech geologists on the north
flank of the Murzuq Basin in southwestern Libya. The fos-
sil site is situated in the Eastern part of the Devonian and
Carboniferous outcrop area, some 37 km east from Ashki-
dah (map-sheet 2280-1I1, locality C-11). The stratigraphic
range of the species is restricted to the Tarut and Ashkidah
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Figure 2. Reconstruction of a cluster of Gigadiscina lessardi Mergl &
Massa, 2005. Natural size.

-,

Figure 3. Cluster of Oehlertella tarutensis Havli¢ek, 1984. Specimen
MBHR C 1731. Pale grey — specimens with dorsal valve above, dark
grey — specimens with ventral valve above; dashed line — margin of slab.

formations (Havlicek & Rohlich 1987), referred to the Late
Devonian or Early Carboniferous transition units. Seidl &
Rohlich (1984) and Havli¢ek & Rohlich (1987) presented
precise stratigraphic and locality data.

Description. — Two clusters are preserved on the same rock
(Fig. 3). The first cluster consists of seven conjoined speci-
mens (Figs 3A-G, 4]). The shells are intact, preserved on a
poorly defined bedding plate across an area of 30 mm.
There are two different shell orientations: five specimens
have the ventral valves facing down, two specimens dis-
play the reverse orientation. The width of all the specimens
ranges between 10 to 12.5 mm. The body axes of the first
group vary within 90° (Fig. 6A). This clearly indicates a
preferred orientation of individuals in the cluster. Large,
spindle-shaped pedicle openings are in each case open and
continue as a shallow hollow slit into the surrounding sedi-
ment. Preservation of all specimens is remarkably similar.
The internal spaces inside the shells are empty and only a
narrow strip along the shell periphery is filled by sandy
matrix. This can be explained by rapid burial of live speci-
mens with tightly closed shells. The presence of the pedicle
and other soft tissues did not allow penetration of sediment
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through the pedicle slit and only a limited amount of sedi-
ment leaked into the closed shell. Consequently, soft tis-
sues, including the pedicle, disappeared from the chamber
after their decay.

Two other specimens (Fig. 3H, I) are less favourably
preserved and display a reverse shell orientation compared
with the specimens of the first group. The distance between
both clusters is 35 mm and both clusters are on approxi-
mately the same bedding plane.

Taphonomy. — The suggested life cluster is preserved in
fine ferruginous sandstone, lacking distinct bedding. Hea-
vily weathered clay and haematite pebbles and fragmental
bones of vertebrates form a substantial volume of the rock
and indicate rapid deposition of the bed. The brachiopod
shells are not broken, compressed or deformed, and are the
only brachiopods present in the rock.

Synecology. — The species Oehlertella tarutensis is com-
mon in the Tarut and Ashkidah formations, being associa-
ted with bivalves Myalina, Lyriopecten, Leptodesma and
others, a rhynchonellid brachiopod Cupularostrum areno-
sum, and a lingulid Wadiglossa wadigena. Placoderms, As-
pidichthys and Macropetalichthys, and an acanthodian,
Ctenacanthus, have also been identified (Seidl & Rohlich
1984). The truncated autochthonous stems of lycopsids in
ferruginous oolite bearing marine fossils have been obser-
ved in the Tarut Fm., indicating a swamp mangrove-like
environment. Therefore, the Tarut and Ashkidah formati-
ons, except for the uppermost part of the latter unit, are in-
terpreted as lagoonal, semilagoonal and swamp deposits
(Seidl & Rohlich 1984). Oehlertella tarutensis is also
known from the summit of the Ashkidah Formation, which
is characterized by a different, moderately diverse and
wholly marine fauna with dominant rhynchonelliform bra-
chiopods including the genera Syringothyris and Rhipido-
mella. This fauna is definitely of Early Tournaisian age.

Interpretation. — Both groups of shells likely represent an
original life cluster of nine (or more) specimens, attached
by the planar ventral valves to both sides of a common, soft
and unpreserved substrate. It does not appear that the shells
were attached to one another. The uniform sizes of shells
indicates a population of the same age. The length of the
pedicle of O. tarutensis cannot be reliably inferred, but
most likely was less than 3 mm.

Orbiculoidea bulla (McCoy, 1852)
Figures 4A, B, E

Taxonomy. — Graham (1972).

Geographical and geological setting. — The shells are deri-
ved from the material donated by Mr. C.T. Trechmann to
the Natural History Museum, London in 1964 (BMNH B
54079-54085). The original label contains only the follo-
wing data: Carboniferous, locality Redesdale, North (here
specimens BMNH B 54083 and BMNH B 54085 are figu-
red).

Description. — Two specimens probably represent an origi-
nal life cluster (Fig. 4B, E). The host specimen (Fig. 4E,
right) bears a similarly sized colonist specimen. In addi-
tion, three incomplete shells are preserved on the underside
of the same nodule. The pedicle of the colonist specimen
was fixed near the anterolateral margin of the host speci-
men. There are also other nodules (Fig. 4) with more than
one specimen but their relationships are unclear. There are
no additional data regarding the taphonomy and ecology of
these samples.

Interpretation. — The sample of O. bulla probably repre-
sents an original life cluster, similar to clusters of related O.
nitida. It is improbable, that the empty shells were displa-
ced and swept together by bottom currents.

Orbiculoidea nitida (Phillips, 1836)
Figures 4C, D, F

Taxonomy. — Graham (1972).

Geographical and geological setting. — The shells are from
the Etheridge collection, purchased by the Natural History
Museum, London, in 1869. The original labels indicate that
the specimens come from the Coal Measures at Coalbrook-
dale (specimens BMNH B 94039, BMHN B 94037). All
specimens are preserved with the original shell in carbo-
nate nodules.

Description. — Two natural groups are preserved. The first
group of four specimens consists of an 18 mm long host
shell with three much smaller colonist individuals attached

Figure 4. Clusters of Carboniferous discinids. © A—~C — Orbiculoidea bulla (M’Coy, 1852). A — ventral valve with fragments of other valves, probably
representing a life cluster, BMNH B 54083. B, C — two dorsal valves, probable a life cluster, BMNH B 54085. ¢ D-F — Orbiculoidea nitida (Phillips,
1836). E, F — shell with three small shells attached (E) and detail of the attached shell (F), BMNH B 94039. D — cluster of three shells, BMNH B 94037.
Scale bars 5 mm (A-E), and 2 mm (F). « G—=K — Oehlertella tarutensis Havlicek, 1984, specimen MBHR C 1731. G — two specimens (H, I) from the sec-
ond cluster. H, I, K — details of preservation showing chamber in pedicle opening and partial infilling of interior by sediment in specimens B, D and C.

J — seven specimens (A-G) from the first cluster. Scale bar 5 mm (G-K).
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(Fig. 4C, F). The almost planar ventral valve is preserved
as an external mould. The original presence of the dorsal
valve is indicated by its partial external mould. Three
small individuals of the same species are preserved on the
outer surface of the host ventral valve. All are located on
the anterolateral part of the valve. The colonist specimens
are 2.4 mm, 3.0 mm and 4.3 mm long, respectively. Their
anterior margins are orientated anterolaterally in two spe-
cimens, and the reverse orientation is displayed in the
third specimen. This indicates a preferred shell orienta-
tion.

The second example (Fig. 4D) consists of three dorsal
valves. The ventral valves are not visible but it is probable
that all specimens represent conjoined individuals. The
host specimen is ca 18 mm long. It is poorly preserved,
with the shell partly collapsed and bearing the first colonist
of a comparable size and convexity. The second colonist
specimen is fixed to the surface of the first colonist. It is
less than half size in comparison with the two other speci-
mens. The sites of fixation of the colonist individuals are
located on the anterior slopes of the host specimen. The
body axes of all specimens are within a 90° arc. This indi-
cates some preferential orientation of colonist individuals.
There are no data regarding the taphonomy and ecology of
these samples.

Interpretation. — Both aggregations probably represent
original life clusters. The fixation of small individuals to
the underside of the planar ventral valve indicates a suffi-
cient gap between the substrate and the underside of the
host shell. The space was not less than 2—-3 mm because
the apices of the attached small individuals are unworn.
However, the extent of the gap was the definite limit for
growth of the attached individuals. One can speculate that
the largest attached individual was close to the gap maxi-
mum. Growth on the exterior of the dorsal valves, inferred
from the second cluster, has no size limit. Therefore the
first colonist shell in the second described group is nearly
the same size as the host shell. The second colonist is only
half-sized and represents a younger, not fully grown spe-
cimen.

The pedicle of the species was probably short, but may
have extended to 2-3 mm in length, as there is enough
space for the small specimen below the ventral valve and
substrate.

Description of Recent clusters

Discinisca lamellosa (Broderip, 1833)
Figures 5A-D, 6B

Taxonomy. — Reeve (1862), and Davidson (1888).

Material. — Two natural clusters of specimens were collec-
ted by Mr. H. Cumming between Ecuador and Colombia,
probably in the Gulf of Ancon (BMNH Pal. PI ZB 1251)
and in the Ancon Bay, Peru (BMNH Pal. PI ZB 11) (after
Reeve 1862), respectively. A third smaller cluster is “po-
ssibly from Peru” as indicated by the attached label
(BMNH Pal. ZB 68).

Description. — Two of the three groups consist of more than
20 specimens. The first cluster (BMNH Pal. PIZB 11) con-
sists of 10 large specimens (length 15-23 mm, the host spe-
cimen is 23 mm long) and more than 18 smaller specimens.
The second large group consists of ca 25 specimens. The
third cluster (BMNH Pal. ZB 68) consists of 12 specimens.

The dimensions of the specimens vary significantly in
all the clusters. There are shells less than 1 mm long. These
shells are often fixed between the concentric lamellae of a
larger specimen. The smaller shells are also located in
crevices and gaps between larger shells. Colonist speci-
mens of all size groups are generally attached to the upper
side of the host specimen but several individuals are also
attached to the underside of the host specimen. Underside
specimens display a distinct preference for fixation near
the anterior periphery of the host individual. There is a
clear radial arrangement of the attached shells (Figs 5D,
6B). The colonist underside specimens have a tendency to
be more inclined, less regular, having convexo-concave
profiles to their ventral valves. Frontal margins of the colo-
nist shells are extended far behind the margin of the host
shell. The upper side colonist shells display a preferred atti-
tude, with their body axes directed toward the apex of the
host specimen. Planes of commissure of colonist shells
broadly diverge from that of the host specimen. There are
specimens having almost vertical commissures compared
with the host specimen.

Ecology. — The figured clusters of Discinisca lamellosa
were, following data presented by Reeve (1862), collected

Figure 5. Clusters of Recent discinids. * A—C — Discinisca lamellosa (Broderip, 1833), BMNH Pal. PI ZB1251, locality Gulf of Ancon, figured by
Davidson (1888) on pl. 26, fig. 6, upper side (A), lower side (C) and side view (B) of cluster. ® D — Discinisca lamellosa (Broderip, 1833), BMNH ZB 68,
exact locality unknown (“possibly from Peru”), host specimen with radially arranged colonist specimens. * E-I — Discinisca laevis (Sowerby, 1822),
BMNH Pal. PIZB 3623, locality Callao, Peru, figured by Davidson (1888) on pl. 26, fig. 10, upper (E) and lower (F) side of cluster, with host specimen at
the top, lower (G) and upper (H) side of cluster originally attached to host shell (site marked by arrow), and juvenile specimen (I). ® J-L — Discinisca laevis
(Sowerby, 1822), BMNH Pal. PIZB 1235, locality Chile, figured by Reeve (1862), pl. 1, fig. 5, two shells (J) originally attached to cluster (K), and a juve-

nile specimen (L). Scale bar 5 mm (A-L).
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from a depth of 9 to 17 m. According to this author, the spe-
cies formed layered clusters on a sandy substrate. Modern
data from Callao, Peru (Argiielles ef al. 2002, Pacheco &
Garate 2005) indicate, that Discina lamellosa, often found
in clusters, is one of the dominant invertebrates in subtidal
megabenthos, together with the bivalve Semimytilus algo-
sus.

Remarks. — There are some previously published figures of
two clusters in the older literature. One group was descri-
bed and illustrated by Reeve (1862, pl. 1, fig. 3). The se-
cond group, figured by Sowerby (1846, pl. 73, fig. 1) was
re-drawn by Davidson (1888, pl. 26, fig. 6), and is
re-figured here in Fig. 6A—C. Another similar cluster from
Callao, Peru was figured by Rowell (1965) and Holmer &
Popov (2000).

Discinisca laevis (Sowerby, 1822)
Figures SE-L, 6C, D, 7

Taxonomy. — Sowerby (1822), Reeve (1862), Davidson
(1888), and Muir-Wood (1936).

Material. — The natural cluster of specimens (BMNH Pal.
PI ZB 3623) was collected at Callao, Peru. The second
smaller cluster (BMNH Pal. PI ZB 3624) is from Concep-
tion Island, Chile. The third cluster (BMNH Pal. PI ZB
1535) was collected by Mr. H. Cumming on the coast of
Chile (after Reeve 1862).

Description. — The first cluster consists of 24 preserved
specimens (Fig. SE-I). All specimens are conjoined, form-
ing three size groups. The first size group consists of four
specimens with lengths ranging from 27 to 30 mm. These
four individuals are attached to a single host specimen. The
second group consists of 14 specimens with lengths ran-
ging from 10 to 25 mm. These specimens are attached to in-
dividuals of the first group, or to individuals within the se-
cond group. One specimen is also attached to the host
specimen. The third group is represented by five specimens
(at least) smaller than 6 mm. These individuals were obser-
ved on shells of the first group. Attached specimens are at-
tached to both dorsal and ventral valves, forming a com-
plex grape-like aggregation (Fig. 7). The planes of
commissure of all specimens are approximately the same.
Shell orientation is clearly unidirectional, generally ran-
ging within a 140° arc. A second smaller cluster consists of
four specimens of similar size. The different size clusters
of attached specimens suggest three hatching episodes.
The third cluster consists of 10 specimens (currently
broken into two pieces with eight and two specimens, re-
spectively) (Fig. 5J-L). All specimens are conjoined, with
approximately the same orientation of the apices except for
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one juvenile specimen (Fig. SL). There are two size-
groups. The first consists of the larger specimens, with
lengths ranging from 23 to 27 mm. The second distinct size
group is represented by two specimens, 6 mm and 3 mm
long, respectively. The orientation of body axes ranges
within 140° (8 specimens measured) indicating some pref-
erence for shell attitude. The planes of commissure of all
specimens have approximately the same orientation.

Remarks. — The first and second clusters were figured by
Davidson (1888). In his figures (pl. 26, figs 10, 11) the
large cluster is not split into two clusters. These clusters are
now stored in the Natural History Museum (Fig. 4F, G).
The remains of the pedicle of the host specimen in the se-
cond group is preserved near the lateral margin of the host
specimen (Fig. 5F, right side of top specimen).

The third cluster has been described and figured by
Reeve (1862). In his figure (pl. 1, fig. 5) the group con-
sists of ten specimens. This cluster is now stored in the
Natural History Museum and consists of two groups (Fig.
2K, L). It is identified by the label as Discinisca tenuis
(Sowerby, 1846), following Reeve’s (1862) original de-
termination. However, Davidson (1888, p. 197) ques-
tioned this determination. It seems more likely that this
cluster also belongs to D. laevis. The species D. tenuis oc-
curs along the coast of Namibia (Hiller 1990, 1993) and
there are no records of this species from the Pacific coast
of South America.

Discussion

Solitary discinids, both fossil and extant, are fixo-sessile
invertebrates, attached by a pedicle to various hard substra-
tes. Since the Ordovician, the fossil record has included
discinids attached to brachiopods (Cooper 1956, Bassett et
al. 2009), bivalves (Davidson 1888), cephalopods (Havli-
¢ek 1972, Lockley & Antia 1980, Gabbott 1999), conulari-
ids (Mergl 2006), plant debris (Thomson 1971) and chon-
drophorans (Richards 1974, Hannibal 2003). Observations
of Recent discinids indicate a cryptic mode of life on the
underside of cobbles (Paine 1962) or even an infaunal
mode of life on the underside of large boulders deeply em-
bedded in coarse sand (Kato 1996). On these substrates, the
discinids sometimes form aggregations of uniformly-sized
individuals or have bimodal or polymodal distributions in-
dicating separate recruitment episodes (Richards 1974).
Considering extant discinids, only LaBarbera (1985) has
described in detail the behaviour of the extant Discinisca
strigata. Many of his observations could be applied to the
clusters described here.

Clustering. — Extant discinids pursue a solitary life mode
(Paine 1962) or form clusters (LaBarbera 1985). The ob-



servations of LaBarbera (1985) on clusters of Discradisca
strigata indicate its ability to prevent or repress the growth
of competitive invertebrates by the abrasion and wear of
epifauna (sponges, bryozoans, serpulids) and depletion of
nutrients in the locally circulating water. The mechanical
wear is generated by the greater hardness of the organo-
phosphatic shell and by the shell rotation on the pedicle.
This rotation may describe a 60-150° arc. The rotation
with extended setae also mechanically inhibits sponge and
bryozoan growth by directly damaging their tissues. Anot-
her suggested competitive mechanism is the improvement
in feeding by utilization of anterior setae to form an incur-
rent siphon extended above and near suspension feeding
epifauna. Clusters described by LaBarbera (1985) consis-
ted of between two to over a dozen animals; some bore
young D. strigata.

The described cluster of Oehlertella tarutensis proba-
bly represents a similar aggregation of specimens of the
same age, attached to a plant or other unfossilized sub-
strate. The substrate was utilized by the numerous larvae
from a single hatching event. The individuals were not
significantly affected by one another during growth.
Their shell surface probably did not represent an attrac-
tive substrate for settlement of larvae. The reasons for for-
mation of monospecific grape-like clusters are less clear.
There are suggestions of larval settlement preferences
(Wilson 1958) or poor dispersal power (Blochmann
1908). Some groups of described discinids (D. nitida) are
superficially similar to clusters of the marine gastropod
Crepidula. Grouping of these gastropods is associated
with a higher probability of fertilization by males at-
tached to host female specimens. However, it does not
seem likely, that discinids have the same reason for clus-
tering. According to the present author, the hard, rela-
tively stable, raised substrate of the shell is advantageous
in minimizing predation stress. The settlement of the lar-
vae in crevices between already existing shells and their
lamellae increases the chance of juvenile survival. Unlike
a bare rock surface, the surface of moderate-sized shells
attached by a pedicle or a byssus (e.g., brachiopod shells
or pectinid bivalves) and elevated above the surface prob-
ably decreases grazing pressure from chitons, gastropods
and echinoids. According to Asgaard & Bromley (1990),
grazing is a major limiting factor in distribution of the Re-
cent micromorphous terebratellacean Argyrotheca in the
Mediterranean Sea. However, clustering is probably not
efficient against predation by larger predators, such as the
rock-lobster Jasus lalandii which is a main predator of bi-
valves and Discinisca tenuis along the Namibian coast to-
day (Hiller 1993).

Orientation. — Both in fossil and recent clusters, a preferred
orientation of the body axis is evident (Fig. 6). This may be
explained by a preference of discinids to orientate the shell
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Figure 6. Rose-diagrams of orientation of body axes in discinid clusters;
n — number of specimens, H — host specimen.

Figure 7. Diagram of a grape-like cluster of Discinisca laevis (Sowerby,
1822), specimen BMNH Pal. PI ZB 3623. Note five or six generations:
1(H) — host specimen; 2-5 — longest chain of four colonist specimen;
3%, 4% — groups of small specimens.

and lophophore relative to water currents (LaBarbera
1985), and can be used as a criterion for recognition of ori-
ginal life aggregations. However, the apex of the ventral
and dorsal valve, respectively, may not always show the
same alignment, because discinids are able to rotate the
dorsal valve in a large arc relative to the ventral valve (La-
Barbera 1985).
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Shell size and life span. — There are few data about the life
span of Recent discinoids. La Barbera (1985) suggested
that the studied adult populations of D. strigata are over ten
years old even though size of specimens in its clusters did
not surpass 15 mm. The same size range is present in the
fossil cluster of Oehlertella tarutensis. Unlike D. strigata
where juvenile specimens under 2 mm were present, the
cluster of O. tarutensis contains uniformly sized individu-
als and probably represents a single hatching episode. A si-
milar uniformity of shell size is seen in the Gigadiscina les-
sardi cluster. The colonist shells of this species are
remarkably large and nearly the same size as the host indi-
vidual. Similar features are seen in extant Discinisca la-
mellosa and D. laevis. 1t is unlikely, that colonist and host
shells could be the same age. The colonist shells attached to
large, almost adult shells, as is evident from the fixation of
colonist shell pedicles near the margin of the host shell. Ac-
tive creeping by means of the pedicle on the host specimen
surface or moving from one shell to another is unlikely.
The size uniformity of the host and attached specimens
could be explained by competition for food. The host spe-
cimen is deprived of food by the feeding of colonist indivi-
duals with their shell margins extended over the margin of
the host specimen. Thus, the growth of the host specimen
is retarded compared to that of the colonist specimens.
The much smaller juvenile specimens, abundant on the sur-
face of extant species (Fig. 5C, D, K) do not significantly
affect the feeding ability of large individuals. These much
smaller specimens probably represent another hatching
event. Bimodal size distribution of the host and colonist
specimens is also seen in Orbiculoidea bulla and O. nitida
clusters as reported by Richards (1974) and in the Pennsyl-
vanian Orbiculoidea newberryi Hall. The bimodal distri-
bution of Kosoidea cedarbergensis Basset et al., 2009 is
noted by these authors. In the extant species (Fig. 7), there
are approximately three to five size ranges in the clusters,
which represent separate generations (Williams et al.
2001).

Length of pedicle. — Stidkamp (1997) described finds of
Orbiculoidea? mediorhenana Fuchs, 1915 with remar-
kably long pedicles, but its pedicle size is probably a pre-
servational artefact (Otto 2000). A rather short pedicle can
be inferred for the late Ordovician discinid Kosoidea (Bas-
sett et al. 2009). The mode of preservation of the Devonian
and Carboniferous clustered discinids also indicate the pre-
sence of short pedicles, basically similar to that of Recent
Discina (Blochmann 1900).

Conclusions

Shell morphology and ecological behaviour such as an epi-
faunal style of life, clustering of equally-sized specimens,
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aggregation into grape-like clusters, presence of two or
more size-groups in discinid clusters, orientation of shells
in clusters, the predicted length and shape of pedicle sug-
gest that there is a continuity of soft-body morphology and
basic life style within the discinoid clade throughout a ma-
jor part of the fossil record, at least from the Early Devo-
nian. It is suggested, that formation of grape-like clusters is
a response to grazing predators. The initial survival of ju-
veniles attached to elevated host shells or floating objects is
more probable than if on surfaces accessible to grazing.

There is an obvious higher morphological uniformity
amongst post-Devonian discinoids. These invariably pos-
sess a planar ventral valve, conical dorsal valve and a
sucker-like pedicle. The Ordovician, Silurian and Devo-
nian discinoids exhibit much higher morphological dispar-
ity (Cooper 1956; Bassett 1986; Mergl 2001, 2006, 2008,
2009; Valentine et al. 2003) that reflects more diverse hab-
itats and feeding behaviors. The cause of this decrease
morphological disparity is unclear, but higher predation
pressure from grazing molluscs, vertebrates and competi-
tion from byssate bivalves from the Devonian Period on-
wards could have been important.
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