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ARTICLE

Biogenic and abiogenic injuries in a Carboniferous Bellerophon (Gastropoda) from
the Isle of Man, United Kingdom
John S. Peel

Department of Earth Sciences (Palaeobiology), Uppsala University, Uppsala, Sweden

ABSTRACT
Two described specimens of the gastropod Bellerophon tenuifascia J. de C. Sowerby, 1824, from the
Carboniferous (Asbian) of the Isle of Man, United Kingdom, preserve repaired injuries resulting from environ-
mental breakage and failed, non-lethal, predatory attacks. Deep scars attributed to predatory attacks are
assigned to the ichnofossil Caedichnus and were focused on the mid-dorsal area of the aperture. Abundant
small-scale scallops and chipping of growth lamellae distributed around the apertural margin are mainly the
result of environmental damage. A deeply incised injury in the aperture of one specimen was probably a fatal
injury.
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Introduction

A multitude of processes are involved in the breakdown or
destruction of mollusc shells (Zuschin et al. 2003), but many
recent palaeontological studies have focussed on predation on
account of its widely accepted role as a driving force in evolution
(Vermeij 1977, 1987, 2013; Vermeij et al. 1981; Alexander & Dietl
2003; Bicknell & Paterson 2018; Budd & Mann 2019). A general
conclusion is that predation is the dominant agency for shell
destruction in marine gastropods in most environments.

The gastropod shell preserves a record of life-long incre-
mental growth, but it is also an archive of the discrete external
events that have affected the individual during its life.
Foremost amongst these are attacks from durophagous pre-
dators that break the shell to gain access to the soft parts
within. If successful, such attacks may destroy the shell com-
pletely, but unsuccessful attacks produce non-lethal injuries
which may be followed by the formation of new shell material
as the gastropod strives to repair its damaged shell.
Comparison of these repaired injuries with injuries in
present day shells has enabled the recognition of similar
damage in fossils from as far back as the Cambrian
(Skovsted et al. 2007; Bicknell & Paterson 2018). Cases of
failed predation with subsequent shell repair provide the
best evidence of the rise of predation in the geological record,
although the record may be difficult to interpret (Vermeij
1987; Alexander & Dietl 2003; Ebbestad et al. 2009; Budd &
Mann 2019). Destroyed shells obviously leave little record,
although some of the fragments may be diagnostic of the
predator and the prey (Vermeij 1987; Cadée 1994, 1995;
Zuschin et al. 2003; Harper & Kelley 2012; Salamon et al.
2014, 2018; Leighton et al. 2016) while the damage caused by
lethal attacks (Clarkson et al. 1995) can be difficult to recog-
nise in fossil material on account of imperfect preservation,
taphonomic effects or preparation.

Bellerophon is the eponymous genus for a group of iso-
strophic, bilaterally symmetrical gastropods known from the
Cambrian to the Triassic (Knight et al. 1960; Kaim & Nützel
2010; Bouchet et al. 2017). In recent years several studies have
focussed on the repair of non-lethal predatory injuries in beller-
ophontiform gastropods (Horný 1997a, b, 1998; Ebbestad 1998;
Ebbestad et al. 2009). Interestingly, Knight (1941, pl. 11, fig. 3d)
illustrated without comment a repaired deep V-shaped injury in
the apertural margin while describing type material of the type
species of the genus from the Devonian of Germany. Ebbestad
et al. (2009) employed terminology developed by Alexander &
Dietl (2003) and surveyed and classified the described cases of
shell repair in bellerophontiform molluscs from throughout the
Palaeozoic, attributing most of them to attacks from unknown
predators, although cephalopods are likely culprits (Peel 1984;
Kröger 2004; Klug 2007). Few cases of described injuries in
bellerophontoideans have been attributed to abiogenic agents,
an exception being the bizarre record of a crushed bellerophon-
toidean by Horný (1998), following the view expressed by
Vermeij (1987) that attempted predation is the primary cause
of shell breakage.

Many extant gastropod shells, however, display injuries
that are not associated with durophagous attacks. Drilling
by gastropods and other invertebrates leaves prominent per-
forations in the shell and such holes have a long, albeit often
problematic, geological record (Bengtson & Zhao 1992;
Carriker & Yochelson 1968; Conway Morris & Bengtson
1994; Baumiller 1996; Reyment 1999; Kelley & Hansen
2003). Physical abrasion or breakage of the apertural margin
is widespread, particularly in groups such as limpets living in
high energy environments (Cadée 1998, 1999; Shanks &
Wright 1986; Zuschin et al. 2003), but may also result from
storm activity (Savazzi 1991). Some advanced predatory gas-
tropods often damage their apertural margin while using it as
a tool to prise or chip open bivalve shells (Nielsen 1975;
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Fretter & Graham 1994; Alexander & Dietl 2003; Dietl 2003a,
b, 2004; Dietl et al. 2010).

This paper describes two specimens of Bellerophon from
the lower Carboniferous of the Isle of Man (Fig. 1) which
preserve evidence of biogenic and abiogenic injuries during
life. The specimens are unusual amongst Palaeozoic bellero-
phontoideans in preserving evidence of both biogenic and
abiogenic injuries. Characteristic of the abiogenic damage is
that the injuries (scalloping and repeated chipping) com-
monly occur across most of the extent of the apertural margin
with relatively little penetration into the earlier growth stages.
In contrast, injuries with relatively deep penetration of the
apertural margin often result from predatory attacks,
although the two styles of damage are not exclusive
(Ebbestad et al. 2009; Stafford et al. 2015). Additionally, one
specimen may have succumbed to a major predatory attack
but several earlier, deeply penetrative repaired injuries are
interpreted as failed, non-lethal, attacks.

Description of material

The two specimens of Bellerophon are described from a small
outcrop of lower Carboniferous (Asbian) limestones of the
Balladoole Formation (including the Poolvash Limestone, equiva-
lent to the Poyllvaaish Formation of Lewis 1930; Dickson et al.
1987; Quirk et al. 1990) west of Castletown, at the southern tip of
the Isle of Man, UK (54⁰ 05ꞌN, 4⁰ 40ꞌW; Fig. 1). Several other
specimens from the same area in the collection from the Royal
Museum of Scotland, Edinburgh (RMSE), show well preserved
growth ornamentation without significant repaired injuries or

disturbances. Specimen RMSE 4199 (Fig. 2A, B, D) is from the
Dunlop Collection and identified as Bellerophon tenuifascia J. de
C. Sowerby, 1824, Poolvash; as such it was mentioned by Weir
(1931, p. 790). Specimen RMSE 1958.1.2968 is clearly the same
species and was collected at Balladoole (Fig. 2C, E, F).

Specimen RMSE 1958.1.2968 has a maximum preserved
length of about 42 mm. The specimen surface is partly dis-
turbed by post-depositional cleavage and recrystallisation half
a whorl back from the latest preserved growth stage, but it is
evident that major repaired oblique fractures represent at
least two substantial injuries interpreted as non-lethal preda-
tory attacks (c and d in Fig. 2C, D), although more may be
present. Both of these fractures retain step-like adapical mar-
gins, with the post-injury new shell being formed from
underneath the pre-injury old shell (Fig. 2D).

The aperture is broken in specimen RMSE 1958.1.2968 and,
on the left side (right side as viewed in Fig. 2C, E), the shell has
exfoliated from the internal mould to form a broken margin
oblique to the growth ornamentation. A deep V-shaped frac-
ture on the right side of the dorsal surface (left in Fig. 2C, E)
can be followed from near the lateral shoulder as far as the
median dorsal selenizone (a in Fig. 2E), marked by arrows). It
probably extends across the full width of the shell, although it is
not visible on the left dorsal area (Fig. 2C, E) due to the
exfoliation. In detail, the fractured margin is seen to consist
of several shallow scallops rather than a single break, indicating
that the shell was broken away in several separate actions that
produced an increasingly deep penetration as the selenizone
was approached. The fracture traverses lunulae in the seleni-
zone but then seems to have followed the selenizone towards
the aperture since visible growth lines on the left side (right
side as viewed in Fig. 2C, E) are unaffected. In total, the fracture
extends back through one-eighth of the whorl. The nature of its
broken margin and relationship to the sediment indicate that it
was formed preburial. Evidence of repair after fracturing is not
visible and the predatory attack may have been fatal.

Fracture c extends transversely across the dorsum in
a series of small concave scallops. It is also an embayment
but it can only be traced across the left side of the dorsum
(right side in Fig. 2C, D due to poor preservation in the
mid-dorsal area. It increases in curvature backwards as the
median selenizone is approached, in similar fashion to frac-
ture a but it is not as strongly expressed. Subsequent shell
growth is quite regular initially in the central dorsal area
abapical to the scar, with parallel growth lines, but becomes
increasingly disturbed as growth proceeds. The disturbances
include slight realignment of the growth lines and local or
more laterally extensive chipped lamellae (Fig. 2F, arrows)
and are likely abiogenic in origin. However, in one contin-
uous line of disturbance, a small, but deep, V-shaped injury
may reflect a predatory attack Fig. 2B, C, F), arrow b). This
is a typical non-lethal predation scar and the continued
growth of the gastropod does not seem to have been
affected; growth lines indicate that it was quickly filled.
The chipped apertural margin can be traced towards the
selenizone (s in Fig. 2F).

Fracture d, the oldest injury, extends as a broad, adaper-
turally concave fracture from the left umbilical area (right in
Fig. 2D) across the mid-dorsum. This fracture was filled with

Figure 1. Locality map showing outcrops of Carboniferous limestones around
Castletown, Isle of Man.
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new shell with regular growth lines that was broken subse-
quently at fracture c (Fig. 2C, D).

About half a whorl of the dorsal surface is visible prior to
injury d, but partially covered by inductural deposits.
Repaired injuries have not been observed and the regular
growth lines are only disturbed by occasional chipping.

Specimen RMSE 4199 has a maximum preserved length of
about 38mm. The undisturbed apertural margin is preserved on
the right side (Figs. 2B, 3A). Most of the early part of the final
whorl, and the aperture, consists of very fine, shallowly inclined
growth laminations but these become increasingly disturbed
during the last one-eighth of the whorl (Fig. 2A). Many of the
lamellae in this part of the shell are chipped and there are
numerous shallow scallops that can be traced over a large part
of the dorsal surface (area 1 in Fig. 3B). A significant fracture
cuts back more than 30 percent of its transverse extent at the
selenizone on the right side before being displaced forward
along the selenizone and traversing the left dorsal area. The
injury is partially filled by new shell (area 2 in Fig. 3B) but this
repair is itself broken adaperturally and a new area of shell was
subsequently formed across the entire dorsum (area 3 in Fig.
3B). Area 3 appears to be composite, with a filled repair near the
selenizone, but this is not clearly delimited. Area 4 represents the
trace of a subsequent growth episode emerging from under the
broken edge of area 3, but most of it was broken away. Both of
these terminate adaperturally in a deep transverse furrow on the
right side representing a major halt in growth, although the
course of this on the left side is uncertain. Beyond this, fine
and regular growth lamellae define the area to the preserved
apertural margin (area 5 in Figure 3B).

Biogenic and abiogenic injuries

The shell of Bellerophon tenuifascia is thickened in the umbilical
region on account of the narrowing of the umbilici by the reflexed
lip (Fig. 2A, D). Dorsally, individual growth lamellae are thin and
feather-edged, lying at a low angle to the shell surface, and they
are therefore susceptible to minor damage of the shell margin. An

Figure 3. Bellerophon from the Balladoole Formation, Carboniferous, of the Isle
of Man. Sketch (A) and interpretation (B) of specimen RMSE 4199, from
Poolvash, locating fractures and successive growth areas discussed in the text.
Compare with Figure 2B.

Figure 2. Bellerophon from the Balladoole Formation, Carboniferous, of the Isle of Man. A, B, specimen RMSE 4199, from Poolvash, in lateral (A) and dorsal (B) views
with arrow showing principal fracture; for interpretation see Fig. 2. C–F, specimen RMSE 1958.1.2968, from Balladoole in oblique (C, D) and dorsal (E) views, locating
predatory fractures a–d; detail of dorsum (F) with abiogenic disturbances arrowed, locating fracture b and selenizone (s). Scale bars: 5 mm.
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undisturbed apertural margin is preserved in specimen RMSE
4199 on the right side (Figs. 2B, 3A). In many other species of
Bellerophon, the growth lamellae are inclined at a higher angle to
the dorsal surface, resulting in a rounded and robust apertural
margin (Yochelson 1960). The presence of a tapering, feather-
edged margin may indicate that gastropod soft parts did not
extend beyond the apertural margin whereas the opposite may
be true in species with a well-rounded margin (MacClintock
1967).

The frequent shallow chipping of growth lamellae at the
apertural margin is dominantly abiogenic in origin, and this is
likely true also for the more significant transverse injuries which
follow growth ornamentation, i.e., the apertural margin. The
latter include the prominent transverse depression separating
areas 3 and 4 from area 5 in specimen RMSE 4199 (Fig. 3, see
also Fig. 2B). The injury subsequently filled by new shell of area
2 (Fig. 3) probably represents a predatory attack on account of
its depth and focus on the selenizone. Scalloped injuries on the
flanks (Fig. 3B, 1) that penetrate just a short distance may reflect
predatory attacks or have an abiogenic origin.

While predators are considered to be the dominant cause of
shell damage (Vermeij 1987; Alexander & Dietl 2003; Zuschin
et al. 2003), gastropods living in littoral environments, especially
the surf zone, are often subjected to mechanical damage from
rolling stones (Shanks & Wright 1986). Repaired injuries have
been widely described in patelliform shells (Bulkley 1968; Cadée
1998, 1999) but they also occur in other littoral forms (Rafaelli
1978). Cadée (1999) noted that up to 75 percent of specimens of
Nacella in the surf zone on King George Island (Antarctica)
usually showed more than one repair per shell resulting from
mechanical damage by stones and ice blocks. Storm damage may
also cause chipping of the apertural margin in lower energy
environments (Savazzi 1991; Zuschin et al. 2003).

At the present day, relatively shallow, transverse repaired
injuries are seen in active predators such as the neogastropods
Busycon, Buccinum, Fasciolaria and Sinistrofulgur which use
the apertural margin to prise or chip open bivalve shells
(Wells 1958; Nielsen 1975; Fretter & Graham 1994;
Alexander & Dietl 2003; Dietl 2003a, b, 2004; Dietl et al.
2010). Neither neogastropods nor this style of attack have
been recognised in Palaeozoic gastropods.

Bellerophon specimen RMSE 1958.1.2968 displays three
major injuries which are attributed to predatory attacks
(Fig. 2C–E). One of these (a in Fig. 2E) is a V-shaped scar
extending about 40 degrees back into the whorl from the
apertural margin and was probably lethal. In terms of shape,
it closely resembles repaired injuries described by Ebbestad
(1998, fig. 5, injury A) in Bucania from the Ordovician of
Sweden, and by Ebbestad et al. (2009, fig. 2A) in Bellerophon
from the Carboniferous of Belgium. With a depth:width ratio
of 0.6, the injury comfortably exceeds the parameter 0.3 used
by Stafford et al. (2015) to define the ichnofossil Caedichnus.
It is an embayment in the terminology of Alexander & Dietl
(2003) and Ebbestad et al. (2009). The location of the deepest
part of the injury in the area of the slit and selenizone may
reflect structural weakness (Lindström 2003; Lindström &
Peel 2005; Ebbestad 1998; Ebbestad et al. 2009), but also
reflect a focus on the chemical signal from the exhalant
current (Kohn 1961; Sakata 1989; Ferner & Weissburg 2005).

Injuries c and d are also embayments but they can only be
traced across the left side of the dorsum (right side in Fig. 2C, D)
due to poor preservation in the mid-dorsal area. As with injury
a, they consist of a series of concave scallops in the apertural
margin but subsequent formation of new shell indicates that
they represent non-lethal attacks. Initially, this new shell is quite
regular with parallel growth lines; later disturbances such as
slight realignment of the growth lines and chipped lamellae
(Fig. 2F), arrows) are probably mainly abiogenic. With
a backwards penetration of almost a quarter of a whorl, fracture
d is by far the largest injury experienced by the gastropod,
substantially greater than the presumed fatal injury in the
outer lip (a in Fig. 2C, E).

The increase in chipping and scalloping of the apertural
margin in the later growth stages of the described speci-
mens suggests that they may have occupied higher energy
environments when they attained a larger size. However, in
view of their derivation from reefoid limestone masses,
probably representing living sites with considerable local
variation in the degree of exposure, this change may have
been coincidental rather than representing either environ-
mental change or a distinct migration. A lack of repaired
injuries resulting from non-lethal predatory attacks in the
earlier growth stages is a relatively common feature in
affected gastropods and can have several causes (Vermeij
1987; Dietl & Alexander 1998; Alexander & Dietl 2003;
Griffiths & Gosselin 2008; Lindström & Peel 2005). Small
specimens may have been unattractive (too small) for the
predator, or they may have succumbed to attack and the
lethal injuries to their shells therefore remained unrepaired.
Thus, large specimens were better able to survive attacks, as
confirmed by their repaired injuries, with increase in size
providing a partial refuge against predation. Small speci-
mens of the prey and larger, more mature, specimens may
have occupied different environmental niches (Underwood
1979) which may have affected their availability or attrac-
tion to potential predators. Possibly only larger prey occu-
pied areas or niches frequented by their hunters. The latter
explanation is compatible with the increased abiogenic
chipping in later growth stages, but it is clear that a larger
sample is required to underpin the speculation.
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