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Bioclaustrations are among the best ways that parasitic associations are preserved. A new bioclaustration, Haplorygma
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that productids had effective methods for resisting parasites, or that the parasites were ineffective in spreading through
the brachiopod population.
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Introduction

Parasitic associations have a long evolutionary history
(Conway-Morris 1981; De Baets and Littlewood 2015;
Leung 2017; De Baets et al. 2021a, b). Fossils of parasites oc-
cur throughout the post-Cambrian Phanerozoic (Baumiller
and Gahn 2002; De Baets et al. 2021a, b). The earliest
brachiopod parasites have been described from the lower
Cambrian (Bassett et al. 2004). Bioclaustrations are among
the best ways that parasitic associations are preserved when
a skeletonized host organism embeds a symbiont within
its mineral tissues (Palmer and Wilson 1988; Stowinski et
al. 2020). There are also other ways by which parasitic as-
sociations can be preserved. Vinn et al. (2023) described
pits in the valve margin of the brachiopod Porambonites
from the Upper Ordovician of Estonia. These symbiont
cavities in host organisms have only rarely been reported
from the Carboniferous, and then only from brachiopods
(Balinski and Sun 2010). The earliest known brachiopod
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parasite, Eodiorygma acrotretophilia, dating from the early
Cambrian, inhabited a lingulate brachiopod with a phos-
phatic shell (Bassett et al. 2004). It is believed to have been
a solitary suspension-feeding organism similar to an ento-
proct. Tubes attributed to Diorygma atrypophilia, found
in the Devonian atrypid brachiopod Desquamatia subzo-
nata from Poland, are thought to have belonged to suspen-
sion-feeding phoronids (Biernat 1961). Open-ended tubes
identified as Burrinjuckia spiriferidophilia, extending in-
ward from the inner surfaces of brachial valves in three
Emsian spiriferid brachiopods, have uncertain biological
affinities but were likely suspension feeders; possible cul-
prits including Polychaeta, Tunicata, Cnidaria, Arthropoda,
or Phoronida (Chatterton 1975). Haplorygma, a tube-dwell-
ing organism with potential entoproct or annelid affinities,
has been found within the shells of Tylothyris laminosa and
Spiriferellina cf. insculpta in the Mississippian of South
China (Balinski and Sun 2010). Additionally, parasitic poly-
chaetes have been documented in the Early Cretaceous cold
seep brachiopod Peregrinella multicarinata (Kiel 2008).

https://doi.org/10.4202/app.01156.2024
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The evolution of parasitic associations has recently been
an object of thorough analysis in multiple studies (Zapalski
2007; De Baets and Littlewood 2015; Huntley and De Baets
2015; De Baets et al. 2011, 2021a, b; Huntley et al. 2021; Van
Dijk and De Baets 2021). Data on fossil parasites suggest
that biodiversity controls parasite prevalence, and that para-
sitism was likely scale dependent and has increased through
the Phanerozoic (De Baets et al. 2021a, b). The parasitic
relationships were likely important drivers of brachiopod
evolution, but the available data are scarce and additional
studies are needed.

This paper: (i) describes two new fossil brachiopod par-
asites from the lower Carboniferous of Russia; (ii) discusses
the palaeoecology of these parasitic associations; (iii) com-
pares modern brachiopod symbiosis with the Carboniferous
of Russia.

Institutional abbreviations—PIN, Borisiak Palaeontologi-
cal Institute of the Russian Academy of Science, Moscow,
Russia.

Nomenclatural acts—This published work and the nomen-
clatural acts it contains have been registered in ZooBank:
urn:lsid:zoobank.org:pub:F529C048-2116-4979-837F-
53401E73302A

Geological setting

The productid brachiopods studied in the present article were
collected from the lower part of the Dashkovka Member of the
Gurovo Formation in the Borshchevsky Quarry (54° 25’ 25.0”
N, 36° 48' 37.3” E), which is located approximately 150 km
southwest of Moscow and about midway between Tula and
Kaluga (Vinn and Mironenko 2021: fig.1; Van Iten et al. 2022:
fig. 1). In the Borshchevsky Quarry, the Gurovo Formation
differs substantially in lithology from other Serpukhovian
formations of Central Russia. It mainly consists of light-col-
ored dolostone and limestone. The Dashkovka Member con-
sists of several thick (2-5 m) beds of dark (gray-green and
red-burgundy) clay and palygorskite shale alternating with
thin (ca. 0.3 m) interbeds of dolomitic siltstone. The stratig-
raphy of this undescribed site is very similar to that of the
well-studied Zaborie locality (Kabanov 2003).

In general, dark clay and shale typically form under dys-
oxic or hypoxic conditions (Potter et al. 1980). The dark
gray shale in the Dashkovka Member contains abundant
remains of pelagic fauna, including nautiloid cephalopods,
fish scales, teeth, and coprolites, conodonts, and graptolites.
Benthic fauna such as corals, gastropods, bivalves and cri-
noids, which are characteristic of the Carboniferous dolos-
tones and limestones of adjacent formations, either is absent
or represented by rare and mostly small juvenile specimens.
These facts support the idea that there was a relative lack of
oxygen in the lower depths of water. Nevertheless, levels of
dissolved oxygen in the waters on the sea floor likely im-
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proved at times, as indicated by rare occurrences of mobile
benthos such as sea urchins and trilobites. Some benthic
organisms, such as conulariids and Sphenothallus, are also
quite numerous in several layers of black clay and siltstone
interbeds (Vinn and Mironenko 2021; Van Iten et al. 2022).

The depositional models of the Gurovo Formation have
been a topic of debate for a long time, with various re-
searchers presenting different arguments in support of two
mutually conflicting hypotheses regarding the origin of the
dark gray shale in the Dashkovka Member in the middle
part of the formation. Specifically, Shvetsov (1932) pro-
posed that the shale was deposited in deep water during the
early Serpukhovian transgression. In contrast, Kabanov et
al. (2012) argued that the shale was deposited in a shallow
lagoon receiving a continuous influx of terrigenous sedi-
ment from a low-energy river delta.

The presence within the dark gray-green shale of a
large number of pyritized cephalopod shells falsifies the
second hypothesis, since modern cephalopods are stenoha-
line animals that cannot tolerate desalination, which occurs
frequently in the vicinity of large river deltas (Vinn and
Mironenko 2021). On the other hand, three specimens of
horseshoe crabs of the genus Belinurus were found in dark
red-burgundy clays, otherwise practically devoid of fossils
(AAM unpublished observation). The family Belinuridae is
thought to have inhabited freshwaters (Bicknell and Pates
2020), so this discovery suggests that the red-burgundy clay
could have deposited if not in freshwater, then in brackish
conditions. Therefore, it is quite possible that both hypoth-
eses do not exclude, but complement each other and that
different layers of dark clays were formed under differ-
ent conditions. The black-green clays, containing pyritized
cephalopods, could have formed under deeper open marine
conditions with normal salinity, whereas the red-burgundy
clays, containing horseshoe crabs, could have formed under
strong influence of the river delta.

Although in general benthic fauna is rare in the clays of
the Dashkovka Member of the Gurovo Formation, there are
several layers with a nearly monotypic complex of very abun-
dant Eomarginifera lobata brachiopods (Kabanov 2003).
These complexes also include rare specimens of the bra-
chiopod species Schuchertella radialis and Cleiothyridina
pectinata which do not show any bioclaustrations. These
brachiopods occur in approximately 1 to 100 ratio with
Eomarginifera lobata. All these complexes are confined to
the top of black-green clays and to the base of dark burgundy
clays. Therefore, the massive flourishing of brachiopods
occurred during transitional conditions between clearly ma-
rine and presumably brackish environments.

Material and methods

Brachiopods from the Borshchevsky Quarry (Fig. 1) were
examined and photographed using low magnification re-
flected light and low and high magnification scanning
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Fig. 1. Geological map with location of Borshchevsky Quarry indicated
(modified after Vinn and Mironenko 2021: fig. 1).

electron microscopy (SEM). Low vacuum SEM imaging
was conducted in both secondary electron (SE) and back-
scattered electron (BSE) modes using the TESCAN VEGA
II and III electron microscopes in the Palaeontological
Institute of the Russian Academy of Science in Moscow.

The Z Score Calculator for 2 Population Proportions us-
ing two-tailed hypothesis was used to test the differences
in infestation of dorsal and ventral valves in productid
Eomarginifera lobata (https://www.socscistatistics.com/
tests/ztest/default2.aspx). All brachiopod specimens are
housed in the Borisiak Palacontological Institute of the
Russian Academy of Science in Moscow (PIN RAS), under
collection numbers PIN 5918.

Results

Location of bioclaustrations.—FEight ventral valves (5.8%)
of 138 isolated ventral valves contain possible parasite
traces. A single dorsal valve of 34 isolated dorsal valves
contains a possible trace of a parasite. The dorsal and ven-
tral valves do not differ significantly in their infestation
rates (z = 0.6698, p = 0.50286.

Bioclaustrations are located in various places within the
ventral valve interiors. In the dorsal valve of specimen 1
(PIN 5918/1), there is swollen spine that is turned backwards
towards the valve’s umbo (Fig. 2A). The swollen spine has
an opening in the top with broken edges. In specimen 2 (PIN
5918/2) there are three short tubular structures in the ventral
interior; two structures are located within the adductor mus-
cle field, one in each scar. The one tubular structure in the
left adductor scar is sealed off. The third structure is located
in the middle of the left diductor muscle scar. In the ventral
valve of specimen 3 (PIN 5918/3), a short basally widened
tubular structure is located laterally within the right adductor
scar. In the ventral valve of specimen 4 (PIN 5918/4), a long
tubular structure is located in the front of the right diductor
scar and is oriented towards the umbo. In the ventral valve of
specimen 5 (PIN 5918/5), a short tubular structure is located

5 mm

Fig. 2. Haplorygma productidophilia csp. nov. in productid brachiopods Eomarginifera lobata (Sowerby, 1821) from Gurovo Formation, Missisipian,
Serpukhovian, Borshchevsky Quarry, central Russia. A. PIN 5918/1, dorsal valve interior showing swollen and backwards turned infested spine. B. PIN

5918/2, ventral valve interior with three tubes (arrows).
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within the edge of the right adductor scar. In the ventral valve
of specimen 6 (PIN 5918/6), a short tubular structure with
an angular cross section is located within the right adductor
scar and is oriented towards the sulcus on the anterior com-
missure. In the ventral valve of specimen 7 (PIN 5918/7),
a basally strongly widened, very short, tubular structure is
located within the frontal part of the right diductor muscle
scar. In the ventral valve of specimen 8 (PIN 5918/8), a short
tubular structure is located in the mantle cavity near the left
diductor scar and oriented towards the anterior commissure.
In the ventral valve of specimen 9 (PIN 5918/9), there is a
possible short tubular structure within the right adductor
scar.

Swollen spine—Normal spines are oriented towards the
anterior commissure in the dorsal valve interior. They are
about 1 mm in diameter and up to 3 mm long. A marginal
spine is turned backwards towards the valve’s umbo and is
markedly swollen (Fig. 2A). The swollen spine is three times
longer than normal spines and also about three times wider.
The swelling is ellipsoid and occupies the middle 2/3 of
the spine. It surface is generally smooth, though with some
tubercles and short outgrowths. The initial non-swollen part
of the spine has similar orientation to the normal spines. The
swollen part is turned about 100° backwards whereas its
non-swollen top is again turned about 75° backwards. The
swollen spine has an aperture on its top with broken edges.

Systematic palacontology

In their revision of ichnotaxonomy, Bertling et al. (2022)
recommended that bioclaustrations be named as cecido-
taxa rather than as traditional ichnotaxa. Since cecidotaxa
are also governed by the International Code of Zoological
Nomenclature, we agree and have therefore designated this
new bioclaustration as a cecidospecies (csp.).

swollen
spine

ACTA PALAEONTOLOGICA POLONICA 69 (3), 2024

Genus Haplorygma Balinski & Sun, 2010

Type species: Haplorygma dorsalis Balinski & Sun, 2010; middle
Tournaisian, Mississippian, Carboniferous, South China.

Haplorygma productidophilia csp. nov.
Figs. 2B, 3B, 4A, D, 5B.

ZooBank LSID: urn:1sid:zoobank.org:act:4A7CCE0C-4176-4E91-A96
D-9125DC9F617D

Etymology: After occurrence in a productid brachiopod.

Holotype: PIN 5918/4, complete tube.

Type locality: Borshchevsky Quarry, Russia (54°2525.0” N, 36°48'37.3”
E).

Type horizon: Gurovo Formation (Serpukhovian), Mississippian, Car-
boniferous.

Material —Ten variably preserved tubes in Eomarginifera
lobata (Sowerby, 1821) ventral valves (PIN 5918/2-9).

Diagnosis—Simple, variably oriented with distal part uptur-
ned dorsally, microscopic tubular outgrowth of the inner sur-
face of the secondary shell layer in the ventral valve, with cir-
cular aperture and widened base, often within muscle scars.

Description—Simple, variably oriented with distal part up-
turned dorsally, microscopic tubular outgrowth of the inner
surface of the secondary shell layer of the convex ventral
valve of productid brachiopods. The tubes often have a wid-
ened base in the form of a small bump. The apertures of the
tubes vary from perfectly circular to oval, and in a single
case angular. There can be a single keel-like structure in the
tube interior. The longer tubes have constant diameter. The
structure of the tube wall is microlaminar. The tube wall
thickness is often variable around the aperture. The tubu-
lar structures mostly occur within the adductor or diductor
muscle scars. The diameter of the aperture is greatly vari-
able from 100 to 350 um. The tubes can grow up to 2 mm
long but usually are 250 to 500 um long. The tube wall is up
to 70 um thick.

Fig. 3. Haplorygma productidophilia csp. nov. in productid brachiopods Eomarginifera lobata (Sowerby, 1821) from Gurovo Formation, Missisipian,
Serpukhovian, Borshchevsky Quarry, central Russia. A. PIN 5918/1, dorsal valve interior showing swollen and backwards turned infested spine. B. PIN
5918/2, ventral valve interior with three tubes (arrows), associated with the ventral muscle field. Scale bars 1 mm.
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Fig. 4. Tubes of parasitic Haplorygma productidophilia csp. nov. from Gurovo Formation, Missisipian, Serpukhovian, Borshchevsky Quarry, central
Russia. A. Holotype PIN 5918/4, long tube with widened base. B. PIN 5918/6, short tube without widened tube base. C. PIN 5918/3, broken specimen
with widened tube base. D. PIN 5918/5, short tube with only slightly widened base.

Remarks.—This new species resembles most closely Haplo-
rygma dorsalis Balinski & Sun, 2010, from southern China
(Balinski and Sun 2010: 693, fig. 1A, B) in being a simple
tubular outgrowth of the inner surface of the secondary shell
layer of a brachiopod. It differs, however, by the larger size
and location on the ventral interior. Unlike this new species,
H. dorsalis never has a circular aperture, it is never located
within muscle scars, and it does not have a widened base.

Stratigraphic and geographic range.—Type locality and
horizon only.

Discussion

Interpretation of bioclaustrations.—The location and
morphology of these bioclaustration structures in the ven-
tral valve differ from the structure in the dorsal valve, sug-
gesting that two different organisms infested the shells of

Eomarginifera lobata. There is no significant difference in
infestation rate of the dorsal and ventral valves, but consider-
ing the possibility that different organisms infested the ven-
tral and dorsal valves, it is likely that the brachiopod valve
was an important selection criterion for the infesting organ-
isms. The organisms infesting the ventral valves created tu-
bular structures associated with muscle scars. It is reasonable
to assume that the location of these structures within muscle
scars was not accidental and represents the site selection of
the symbiont. In the case where the symbiont targeted mus-
cle scars where protein-rich muscles were located, it is pos-
sible that it may have consumed brachiopod tissues. Many
tubular structures in Paleozoic brachiopod mantle cavities
have been interpreted as domiciles of filter-feeding organ-
isms and therefore as potential kleptoparasites (Biernat 1961,
1964; Chatterton 1975; Bassett et al. 2004; Balinski and Sun
2010; Vinn et al. 2014, 2022). The latter life mode does not
fit at all with the location of the tubular structures within
or between muscle bundles of the host brachiopod; it would
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Fig. 5. Haplorygma productidophilia csp. nov. in productid brachiopods Eomarginifera lobata (Sowerby, 1821) from Gurovo Formation, Missisipian,
Serpukhovian, Borshchevsky Quarry, central Russia. A. PIN 5918/1, top of swollen spine. B. PIN 5918/2, tube with sealed off aperture (B,); short tube
with only slightly widened base, tube interior with possible keel-like structure (B,); short tube with widened base (B3); short tube with only slightly wid-
ened base, tube interior with possible keel-like structure (By); two tubes (1 and 2) within the muscle scar (Bs).

have been an unfortunate site selection for a filter-feeding
organism. The muscles would have prevented the organism
from successfully filtering food particles. Most of these tu-
bular structures are also too short to allow the symbiont to

reach to the mantle cavity were the food-rich waters were
located. Thus most likely the organisms responsible for these
tubular bioclaustrations were not filter-feeding. The only
accessible food resource for the symbionts would have been
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the brachiopod muscles or other soft tissues. Thus, most
likely the organisms that infested ventral muscle fields were
parasites. The tubular shape suggests a worm-like parasite.
Moreover, one tube of the possible parasite was sealed off
by the brachiopod (Fig. 5B;), which could either indicate that
the brachiopod actively killed the parasite or alternatively
that the parasite had a shorter life span than the host brachio-
pod. However, the lack of signs of overgrowth attempts in all
other tubes suggests that the parasite was very efficient in
keeping its structure’s aperture opened.

In the dorsal valve an unknown organism lived within
the spine and made the spine swell. This swelling of the
spine could have resulted from an immune reaction of the
host brachiopod but it could also have been chemically ini-
tiated by the symbiont in order to create a larger domicile. It
is likely that this organism specially targeted dorsal valves
as there are no spines in the interior of ventral valves that
would be suited for the domicile. The swollen spine has
an opening in its top that directed towards the brachiopod
lophophore in the mantle cavity (Fig. 4A). If the opening is
not the result of breakage of the spine, then the symbiont had
access to the waters of mantle cavity and may have been a
suspension feeder. In the latter case it would have benefitted
from the food particles collected by the host brachiopod.
Thus, the organism that inhabited the swollen spine could
have been a kleptoparasite (Zhang et al. 2020). Both organ-
isms presumably were not useful to the host brachiopod, but
the worm-like organisms that infested the ventral muscle
field likely caused harm to the host brachiopod.

Infestation rate—The infestation rates of fossil brachio-
pods by organisms inhabiting their shell interiors are not well
known despite being important for understanding the evolu-
tionary paleoecology of parasitic associations (De Baets et al.
2021a). Nevertheless, there are some data for the Ordovician
brachiopods (Vinn et al. 2023). Most previously described
cases are based on few infested specimens and have no in-
formation about the frequency of such interactions in the
brachiopod population. Biotic interactions between living
brachiopods and spionid polychaete worms, collected around
the San Juan Islands (USA), show that proportions of infested
brachiopods range 3.4-29.1% (Rodrigues 2007). Thus, the
infestation rate of the productids here (5.8%) is not high. This
low infestation rate could indicate that productids had effec-
tive resistance against parasites, or that the parasites were
ineffective in spreading within the brachiopod population.
In the case of ectoparasites, the infestation rates can be much
higher as shown in the early Cambrian lingulids where as
much as 47.8% of the specimens can be infested by klepto-
parasitic tubeworms (Zhang et al. 2020). On the other hand,
infestation rates can be quite low in the case of Paleozoic bra-
chiopod endoparasites (De Baets et al. 2021b). The number
of parasite specimens per host brachiopod, usually one and
only rarely three, is also very low. This could indicate that the
parasites were not breeding inside the brachiopod or that their
earliest growth stages lived outside of brachiopods. The low

409

number of parasites could also indicate that they had high vir-
ulence so that the larger number of parasites could have been
fatal to the host and no bioclaustrations could form.

Parasitic associations in the Carboniferous.—Previously,
only two parasitic associations involving brachiopod en-
dobionts were known from the Carboniferous. In the
Carboniferous of China, one specimen of Haplorygma dor-
salis has been found in dorsal valve of Tvlothyris laminosa,
and another specimen has been reported from dorsal valve
of Spiriferellina cf. insculpta (Balinski and Sun 2010). The
affinity of the tube-dwelling Haplorygma dorsalis is enig-
matic, but its annelid relationship and kleptoparasitic na-
ture is highly probable (Balinski and Sun 2010). In addition,
there are numerous parasitic associations that occur between
other invertebrates such as crinoid/blastoid-platyceratid as-
sociations (Baumiller and Gahn 2018; Thomka and Brett
2021). The crinoid-Cladochonus symbiotic associations oc-
curred during the Mississippian (Donovan and Lewis 1999).
Cladochonus corallites grew in a ring around an erect col-
umn of a living crinoid and often caused malformations such
as swellings of the crinoid stem, and it was partially em-
bedded by the crinoid skeleton (Donovan and Lewis 1999).
These interactions have often been classified as parasitism
(Vinn 2017). The symbiotic rugosans occur in the calices of
crinoids in the Carboniferous. The rugosan location on the
crinoid suggests that the coral actively harvested food with
its tentacles from the adoral groove of the crinoid’s arm and
thus could have been a kleptoparasite (Donovan et al. 2005).

Conclusions

Two types of bioclaustrations occur in the productid bra-
chiopod Eomarginifera lobata from the Mississippian of
central Russia. Simple, variably oriented with distal part
upturned dorsally, microscopic tubular outgrowth of the
inner surface of the secondary shell layer of the convex
ventral valve of Eomarginifera lobata. The parasitic organ-
isms infesting the ventral valves created tubular structures
associated with muscle scars. We assume that the location
of these structures within muscle scars was not accidental
and represents the site selection of the parasite. The or-
ganisms responsible for these tubular bioclaustrations were
not filter-feeding. The only accessible food resource for the
symbionts would have been the brachiopod muscles or other
soft tissues. In addition to the latter parasites, an unknown
organism lived within the spine of the dorsal valve and made
the spine swell. The organism that inhabited the swollen
spine could have been a kleptoparasite.
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