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Abstract
The small, but rather deep pit in the internal mould of the body chamber of Upper Devonian Cyclopoceras (nom. nov.)

abundans (Taxyceratidae, Discosorida) from Central Russia is described in this paper. Similar pits are known to exist on

internal moulds of Paleozoic cephalopod shells including nautiloids and Devonian ammonoids, and are interpreted as

imprints of blister pearls: nacreous projections on the inner shell surface formed by mollusk for isolation of parasites. The

pit studied herein corresponds with asymmetry of the muscle attachment scars and deformation of the last septum: the

largest central pair of the muscle scars are shifted from the center of the ventral side, whereas the last septum is curved

apically above the pit. These deformations indicate an abnormal growing of the shell at the latest stages of its development,

giving a base for assumption that the pit was caused by a parasitic disease. The assumption of an appearance of this

abnormality due to an attack by a drilling predator seems less likely. This finding is the first known possible imprint of

blister pearls in Discosorida.
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Introduction

The shells of cephalopod mollusks preserve traces of a

wide range of events which occurred throughout their lives,

especially the traces of predator attacks and parasitic

infestations. Predators generally left sufficiently obvious

signs: broken edges of the aperture, mantle damage leading

to ‘‘scars’’ on newly formed parts of the shell, and holes in

the shell walls (Keupp 2000, 2012; Hoffmann and Keupp

2015 and references therein). It is more difficult to recog-

nize the aftermath of parasitic infestations. The most

studied signs of parasites in fossil shells are blister pearls:

hemispherical formations located on the inner wall of the

shell, which were formed by mollusks to isolate the para-

site. They are known in bivalves (Ituarte et al. 2005) and

well studied in Paleozoic ammonoids (De Baets et al.

2011, 2015). Inside such pearls in ammonoid conchs, small

narrow tubes were found: probably, traces of soft bodies of

small worm-like parasites (Keupp 1987; Lehmann 1990;

De Baets et al. 2011). On the internal moulds of mollusk

shells, the blister pearls are preserved as shallow pits.

Isolated findings of blister pearls and their imprints were

reported from extant Nautilus (Landman et al. 2001:

Fig. 20.1e) and various fossil nautiloids (Kieslinger 1926;

Shimansky and Zhuravleva 1961; Manda and Turek 2009;

Turek and Manda 2016).

The anomalous asymmetry of the shell shape (sym-

metropathy) could also be an indication of parasitic

activity. The asymmetry which is likely related with par-

asites is known in ammonoids (De Baets et al. 2015).

According to several researchers, the parasites could have

been the cause of an abnormal curvature of the phragmo-

cone shell walls and asymmetry of suture lines. Such

examples were described among Paleozoic nautiloids

(Shimansky and Zhuravleva 1961).

In this paper, the unusual specimen of discosorid nau-

tiloid Cyclopoceras abundans (Zhuravleva, 1972) from

Upper Devonian of Central Russia is described. The

internal mould of this nautiloid shell bears a deep narrow

pit, accompanied by noticeably deformed muscle attach-

ment scars and an abnormally curved last septum. This is
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the first report of a combination of a pit (which is an

imprint of protrusion of the inner shell wall) with a cur-

vature of the septum and displacement of the muscle scars

in Discosorida. The nature of this anomaly and the possible

relation to parasitism are discussed.

Materials and methods

The specimen MSU EF 13877 was found in an abandoned

quarry near the village Krutoye on the left bank of the

Truda River in the vicinity of Livny, Orel region, the

Central Devonian Field (Fig. 1). It was collected by Elena

Kirilishina (Moscow State University) in the upper part of

the Upper Devonian (Fransian), clay layers embedded with

brown or yellowish-pink limestones (Mironenko and Kir-

ilishina 2012). All cephalopods in this locality are pre-

served as limestone internal moulds without any traces of

aragonite shell layers. Ventral and lateral sides of internal

moulds of these nautiloids are more or less well preserved,

whereas a dorsal side is almost never preserved in this

locality. Together with MSU EF 13877, approximately 20

discosorid moulds were collected without any pits or other

visible abnormalities. The specimen is housed at the Earth

Science Museum at Moscow State University (MSU),

exhibition fund, number MSU EF 13877.

Systematic remarks

The generic name Cyclopites was proposed by Zhuravleva

(1962, p. 110; type species Gomphoceras cyclops Wen-

jukoff, 1886, by original designation) for a fossil nautiloid

genus from the Upper Devonian (Frasnian-Famennian) of

Central and North-Western regions of Russia. However,

this name is preoccupied by a generic name of Cambrian

aglaspidid arthropod Cyclopites Raasch 1939, which is in

active current use in paleontology. Raasch originally pro-

posed the generic name Cyclopina for this arthropod, but

this name was already preoccupied and replaced for Cy-

clopites by Størmer (1955). To resolve homonymy, in

accordance with article 60 of the International Code of

Zoological Nomenclature (1999), Cyclopoceras nom. nov.

(type species Gomphoceras cyclops Wenjukoff 1886), is

here proposed as a replacement name for Cyclopites Zhu-

ravleva non Størmer (1955).

Results

Shells of Cyclopoceras are slightly flattened dorso-ven-

trally, with a pronounced ventral sinus on the aperture

(Fig. 2). They are typically 30–50 mm in width (Zhuravl-

eva 1972), whereas their full length is difficult to measure

due to a poor preservation of the phragmocone and aper-

ture. Muscle scars of Cyclopoceras are numerous, typical

for the oncoceratomorph type of nautiloid muscle attach-

ment areas (Mutvei 1964). The largest pair of muscle scars

is located at the middle of the ventral side (Mironenko and

Kirilishina 2012). There is a shallow-wide keel at the

middle of the ventral side. Unlike many discosorid genera

of Russian platform, described by single fragments, Cy-

clopoceras is very widespread and abundant in Frasnian

deposits of Central Russia.

The specimen MSU EF 13877 is a limestone internal

mould of the body chamber without a phragmocone and

aperture (Fig. 3). It is 33 mm in length, 38 mm in width,

and the thickness in the dorso-ventral direction is 28 mm.

Fig. 1 Maps of the locality. a General view on the Central Russia. b Vicinity of Livny. Locality is marked by asterisks; its coordinates are

52�27001.400N, 37�28017.900E
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The body chamber slightly contracts towards the aperture.

A siphuncle opening on the imprint of the last septum and a

shallow keel at the center of the ventral side are preserved.

A belt of muscle attachment scars, typical for oncocer-

atomorph nautiloids (see Mutvei 1964), is located along the

last septum. A slightly elongated pit is clearly visible on

the right side of the ventral part of the body chamber in

front of the attachment scars. The walls of this pit are

nearly plumb, but the bottom is concave and the edges are

smoothed. The pit is 2–2.5 mm; its deep is approximately

2 mm. The shell layers are not preserved in this specimen,

however, judging by the shape of the pit, the slightly

elongated bell-shaped projection must have been located

on the inner surface of the body chamber wall where the pit

appeared in the internal mould.

Cyclopoceras abundans like other discosorids has a belt

of small muscle attachment scars consisting of shallow

depressions and tubercles around the last septum. Cy-

clopoceras has 10–11 pairs of muscle attachment scars on

the ventral side of the shell (Mironenko and Kirilishina

2012). The size of these scars increases to the middle of the

ventral side, and therefore, the largest scars are normally

located above the mid-ventral shallow keel (Mironenko

and Kirilishina 2012). In the specimen studied herein

attachment scars are anomalous: a pair of the largest scars

is significantly shifted to the right and situated above the

pit. Ten scars are located on the right side from the largest

pair, but, on left side, there are only six scars. The shape of

the last septum is also unusual. Normally, Cyclopoceras

abundans septa are lenticular, but, in this specimen, the last

septum is asymmetric and curved apically above the pit

(Fig. 4). At the same time, the general shape of the body

chamber, a position of central keel on the ventral side, and

the location of the siphuncle are not distorted. The

siphuncle opening is at the middle of the ventral part of the

septum imprint in this specimen and the shallow keel is in

front of it on the center of the ventral side, as well as in

other Cyclopoceras moulds.

Discussion

Sublethal injuries of shell abnormalities have never been

reported from the discosorid shells in Russia. The pits in

the shells or internal moulds of these nautiloids also have

never been described. The lack of shell layers makes it

difficult to determine how exactly the pit appeared; how-

ever, the deformation of the muscle attachment scars and

last septum with the remaining shape of the body chamber

clearly indicate that the pit had appeared when the animal

was alive, during the shell formation process. Theoreti-

cally, the shape of the last septum could have been dis-

torted by post-mortem processes, but the position of the

largest muscle scars could not have changed after the death

of the animal.

Fig. 2 Scheme of Cyclopoceras abundans shell. a Ventral view.

b Lateral view. ph phragmocone, bch body chamber, ms muscle scars,

k shallow ventral keel, ap aperture

Fig. 3 Cyclopoceras abundans No MSU EF 13877. a Ventral view,

b lateral view, and c enlarged view on the pit. Scale bars for a,
b 1 cm, and for c 5 mm
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The absence of deformation of the body chamber mould

and a normal position of the siphuncle and mid-ventral

shallow keel also confirm the appearance of the pit, while

the animal was alive. In the case of post-mortem defor-

mation of the shell or of the internal mould, the shape of

the body chamber as well as the position of the keel and

siphuncle would have changed. In the cases of post-mortem

drilling of the shell or the fossilized internal mould by any

macroboring organism on the sea bottom or if the pit is an

imprint of some epizoan which lived inside an empty shell,

the shape of the muscle scars and septum must not have

changed, since they must have formed in such cases before

a drilling event or settlement of an epizoan. Consequently,

the pit is a trace of a protrusion on the inner shell wall

which must have appeared when both the animal was alive

and the shell development was not fully completed.

The question arises: what was the reason for the for-

mation of such local protrusion and distortion of the shape

of a growing septum and muscle scars? It cannot be a bite

or shell breakage: the bite traces are more shallow and

wider than this pit (see Keupp 2012; Hoffmann and Keupp

2015). Even if a predator had punctured the wall of the

body chamber, it is highly unlikely that the hole would

have been so small and that the regeneration would have

led to such an inner protrusion (see healed punctures on

ammonite shells in Keupp 2006).

Nevertheless, the pit is probably a trace of a healed

boring of the shell wall produced by some boring predator

or, perhaps, the pit is a trace of parasitic activity, similar to

blister pearls, described in ammonoids (De Baets et al.

2011, 2015). Due to the preservation as internal mould,

both hypotheses seem possible; however, some assump-

tions can be made based on circumstantial evidence. While

the distortion of the last septum may be explained by the

protrusion on the inner body chamber surface playing a

role as a physical obstacle for the rear part of the mantle,

the displacement of the muscle scars is likely related to the

damage of the soft tissues. This damage could have

appeared during an attack from a drilling predator as well

as from the action of a parasite.

The shells of Recent Nautilida (Nautilus and Allonau-

tilus) often bear oval-shaped borings produced by octopods

(Saunders et al. 2010). However, such borings (they are

belonging to ichnotaxon Oichnus ovalis) have never been

found on the shells in pre-Cenozoic strata (Klompmaker

et al. 2014; Zonneveld and Gingras 2014). Circular

Fig. 4 Comparison of two

Cyclopoceras abundans

specimens from the same

locality and layer—normal and

with a pit, both in ventral view,

with their schematic drawing.

a Specimen No MSU EF 13877,

b specimen No MSU EF 13876.

Scale bars are 1 cm
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drillings, usually interpreted as borings produced by gas-

tropods (Oichnus ispp.), are known starting from the

Cambrian (Bicknell and Paterson 2017). In the Devonian

strata, such drillings are also very abundant (Baumiller

1993, 1996; Leighton 2003). However, all these borings

were found on benthic fauna (brachiopods, bivalves, gas-

tropods, echinoderms, etc.), whereas Cyclopoceras must

have been actively swimming animals (their shells have a

noticeable hyponomic sinus on the ventral side of the

aperture) and it is highly improbable that they could have

become the prey of crawling gastropods. The only example

of borings, which are probably related with gastropods on

the nautiloid shell (Upper Jurassic Paracenoceras), was

depicted by Keupp (2012), the nature of these holes is

doubtful. Certainly, it cannot be excluded that among Early

Paleozoic drilling predators, there were not only gas-

tropods, but also some cephalopods which were able to

prey on other cephalopods. However, to date, the drillings

have never been found on the shells of Paleozoic ammo-

noids and nautiloids, and therefore, the drilling hypothesis

for the explanation of the pit in Cyclopoceras does not

seem plausible.

The small width of the pit with a rather noticeable depth

is also a piece of evidence in favor of the parasitic version.

Cephalopod mollusks usually repair holes in the body

chamber walls forming additional nacreous layers from the

inner surface of the chamber (Keupp 2006), i.e., they put a

patch on the hole. However, in this case, there was no flat

patch on the inner surface of the body chamber, but a

prominent hemispherical pearl. Such pearls are the result of

mollusk reaction to parasitic infestation rather than to the

hole in the shell wall (De Baets et al. 2011, 2015). Blister

pearls and their imprints are poorly known in nautiloids.

The imprints of hemispherical pearls in Paleozoic nau-

tiloids were described and depicted—to the author’s

knowledge—only once: in Silurian oncocerid Pomer-

antsoceras pollux (Manda and Turek 2009). At the same

time, hemispherical pearls and their imprints in the internal

moulds are widespread among Devonian ammonoids (De

Baets et al. 2011, 2015). Occasionally, they can be found in

Jurassic ammonites (Keupp 2000, 2012; Mironenko

2012, 2016). However, in ammonoids, they have never

been reported in relation to shell abnormalities, such as

septa or muscle scar distortion. Pathological distortion of

the septa in nautiloids, which was likely related with par-

asitic activity, had been reported for nautiloids only twice:

in Silurian oncocerid nautilod Amphicyrtoceras depressum

(Shimansky and Zhuravleva 1961, Fig. 34 d) and Creta-

ceous nautilid Eutrephoceras sp (Shimansky and Zhu-

ravleva 1961, Fig. 34 b, c). Another example of

abnormally curved septa in orthoconic nautiloid was

depicted by Klug et al. (2008, pl. 5, Figs. 16, 17). In

ammonoids, pathologically distorted septa have been

described several times (Keupp and Mitta 2004; Keupp

2012), but, as in the case of nautiloids, these abnormalities

are not related with pits.

Not only blister pearls, but also ‘‘symmetropathy’’

(Hengsbach 1991)—pathological asymmetry of a bilater-

ally symmetrical shell which is not related to any injuries—

are considered as evidence of parasitism. Symmetropathies

are very well known in ammonoids (see De Baets et al.

2015), but have never been reported from discosorids.

Asymmetry of the muscle scars of the Cyclopoceras

studied herein can be considered as the first known sym-

metropathy in Discosorida. It is related to the pit on an

internal mould, but not with injury or shell breakage.

Certainly, the only unambiguous evidence in favor of the

parasitic hypothesis would be a preserved track of the

parasite within the pearl (De Baets et al. 2011, 2015), but

the shape of the pit in Cyclopoceras abundans as well as

muscle scar and septum deformations both support this

interpretation.

A considerable effect of the parasite infestation (asym-

metry of the muscle attachment scars and distortion of the

septa) as well as a rarity of such findings may indicate that

the studied Cyclopoceras could have been a false host for

the parasite. It is still an open question what animal could

have been a main host. It is unlikely that the ammonoids

were, since they have never been reported from the locality

where the studied specimen was found. However, other

invertebrates (not only cephalopods) could have been hosts

of the parasite.

Conclusions

The malformations of shell development in the Upper

Devonian Cyclopoceras abundans from Central Russia

described herein are likely related with parasitism rather

than with damage from a predator attack. The pit in the

internal mould of the Cyclopoceras body chamber most

likely is an imprint of a blister pearl, whereas a shift of the

muscle scars from their normal position together with

deformation of the last septum could have been related to

mantle damage, produced by a parasite or with mantle

displacement due to the presence of a blister pearl. This

finding is the first known case of parasitism in Discosorida

and a very rare combination of symmetropathy with a

blister pearl in cephalopod mollusks.
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