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A B S T R A C T

Serpulids and other related tube-dwelling polychaetes are often ignored when found as fossil remains.

They are, however, a widespread and important group today, and abundant literature has been

published on them. Knowledge of fossil serpulids is centered on European material, and little has already

been done on South American fossil calcareous tubes. In this paper, seven serpulid and sabellid

morphotypes are described from the Early Cretaceous marine Agrio Formation of Argentina, revealing a

diversity of worms recorded as encrusters on bivalves, ammonites and corals. Sabellids are represented

by Glomerula cf. serpentina. Serpulids are represented by two subfamilies: ‘‘Serpulinae’’ includes

Mucroserpula mucroserpula, Parsimonia antiquata, Placostegus cf. conchophilus, Propomatoceros semi-

costatus and P. sulcicarinatus; Spirorbinae is represented by heavily worn tiny coiled tubes assigned to

?Neomicrorbis. Serpulids and sabellids are one of the main components of the mollusk-encrusting fauna

recorded in the Agrio Formation, along with small oysters but much more diverse. They are most

commonly found as post-mortem encrusters, but some cases of unquestionable living interaction are also

found, such as serpulid tubes embedded on coral branches. They are often overgrown by bryozoans, and

sometimes by oysters; they frequently occur aggregated.

� 2013 Elsevier Masson SAS. All rights reserved.
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1. Introduction

Polychaete serpulids (Order Sabellida, Family Serpulidae),
commonly named fan-worms, are widespread in marine environ-
ments, being found in a wide depth range, in which they are often
found encrusting a variety of hard substrates, including reefs and
plenty of invertebrate shells, and sometimes constructing build-
ups on their own (ten Hove and van den Hurk, 1993). They are
easily recognized by their calcareous tube and colourful radiolar
crown which they use for filter-feeding and respiration. Their
capacity to foul human-made structures has gained them much
attention since it has economic consequences (Kupriyanova et al.,
2006). Fossil serpulid tubes are also very widespread and
abundant, and yet they have received little attention, which
strongly contrasts with the abundant literature on extant species.
One of the reasons of this apparent lack of interest in fossil
serpulids is that they are a complicated group to deal with in the
fossil record, since taxonomy is strongly based on the soft tissues
(in particular, in external morphology and structure of chaetae)
and tubes are of little taxonomic use; furthermore they often
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display high intraspecific variability (Senowbari-Daryan and Link,
2005; Kupriyanova et al., 2006; ten Hove and Kupriyanova, 2009).
Therefore, fossil species are treated as morphospecies since they
are based solely on the morphology of the calcareous tubes.

Classic taxonomic revisions of the fossil European serpulid
fauna include the works by Goldfuss (1831), Brünnich Nielsen
(1931), Parsch (1956), Regenhardt (1961), Ware (1975) and
Lommerzheim (1979). In the last few decades, updates were
undertaken by Jäger (1983, 1993, 2004), Radwańska (2004),
Ippolitov (2007a,b) and Vinn et al. (2008). Most of these records
are Jurassic or Late Cretaceous in age, with little information from
the Early Cretaceous, with the exception of Jäger (2011). Still little
has been done on non-European faunas (e.g., Chiplonkar and
Tapaswi, 1973a, b; Palma and Angeleri, 1992; Weaver, 1931), and
thorough revisions of fossil serpulid faunas from the southern
hemisphere are still wanting, especially on the taxonomic and
stratigraphic fields. The only taxonomic papers available to date on
Cretaceous serpulids from Argentina are those by Weaver (1931)
and Damborenea et al. (1979); Palma and Angeleri (1992) focus on
environmental analysis and other records are simple mentions of
the existence of serpulid fossil tubes.

Serpulid and sabellid polychaetes are frequently and abun-
dantly recorded in the Early Cretaceous Agrio Formation of the
Neuquén Basin (west-central Argentina), but little work has yet
been done on them. Most of these tubes are found as encrusters on
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a diversity of mostly biogenic hard substrates, irrespective of
whether the encrusted organisms were alive or dead at the time of
settlement. The host substrates include serpulid tubes, coral and
sponge skeletons, mollusk shells (bivalves, cephalopods and
gastropods), echinoid tests, and sporadically calcareous nodules.
In a few cases, it can be inferred that the host was alive during
encrustation, but post-mortem encrustation examples clearly
prevail in the studied succession. Encrusting sabellid tubes are
also recorded as solitary tubes that show different growth stages
and coiling modes; occasionally they can be very abundant on a
single shell or skeleton.

The aim of this work is to describe and figure the most common
serpulid and sabellid calcareous encrusting tubes recorded
cemented to a variety of invertebrate hosts collected from the
Agrio Formation, as well as their mode of occurrence.

2. Geological setting

The back-arc Neuquén basin, which spanned latest Triassic to
Early Tertiary times, contains marine and continental clastic,
Fig. 1. Map of localities and sections of the Agrio Formation. Left part of the figure: map o

the upper part of the Mendoza Group at Bajada del Agrio section showing units, lithol
evaporitic and carbonatic units (Vergani et al., 1995; Howell et al.,
2005). The Neuquén Basin is located in west-central Argentina,
extending through most of Neuquén, south of Mendoza, west of
La Pampa and north of Rı́o Negro provinces (Fig. 1). Several
sedimentary cycles are encompassed within the whole sedimen-
tary succession of the basin. Of these, the Mendoza Group, of early
Tithonian to earliest Barremian age, corresponds to mostly marine
sedimentary rocks, which may altogether reach thicknesses of
thousands of meters; it includes the Tordillo, Vaca Muerta,
Mulichinco and Agrio formations and lateral equivalents
(Aguirre-Urreta and Rawson, 1997).

The Agrio Formation has three members: the lower Pilmatué
Member, the middle Avilé Member and the upper Agua de la Mula
Member (Weaver, 1931; Leanza et al., 2005; Fig. 1). The unit has a
diachronic base and was deposited during early Valanginian to
earliest Barremian times, during which the Neuquén Basin was
undergoing a phase of back-arc thermal subsidence due to the
establishment of a subduction zone and a magmatic arc towards
the western border of the South American plate (Howell et al.,
2005). The Pilmatué and Agua de la Mula Members are mainly
f the Neuquén Basin showing the studied fossil localities; right part: stratigraphy of

ogy, and facies. (modified from Leanza et al., 2005).
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composed of black shales and calcareous shales, with intercala-
tions of sandstone bodies and shell beds. They have been
interpreted as deposited in a shallow ramp with storm influence
(Spalletti et al., 2001; Lazo et al., 2005). The Avilé Member
represents an abrupt sea-level fall with the deposition of fluvial
and eolian systems (Veiga et al., 2011).

Materials described here were collected from several sections of
the Agrio Formation in the Neuquén Basin during different
fieldworks in which care was taken to record the associated
ammonoid fauna for precise dating (Fig. 1). Specimens come from
both marine members.

3. Systematic Paleontology

The systematics of Serpulidae and Sabellidae are still proble-
matic, even when based on extant representatives of the families
(Kupriyanova et al., 2006). For example, Kupriyanova et al. (2006)
and Lehrke et al. (2007) recognize that subfamilies ‘‘Serpulinae’’
and Filograninae may be polyphyletic or paraphyletic, only
Spirorbinae presenting a well-supported monophyly. We do not
describe tubes belonging to the Filograninae in this work, but
several ‘‘Serpulinae’’ are included; considering the doubtful status
of this subfamily, this name is addressed with quotation marks.

Some of the issues on the study of fossil serpulids and sabellids
(both belonging to the Order Sabellida) have already been
mentioned in the Introduction. The cemented growth phase of
the tubes described in this work results in a tube morphology
sometimes influenced by the size and shape of the host substrate.
Taphonomic processes often result in strongly recrystallized tubes,
broken ends, and worn-out surface features of the tube. Most
recent species have restricted distribution ranges, and species
thought to have a worldwide distribution have been proved to
include several biological species distinguished by subtle mor-
phological variations of their soft tissues (ten Hove and Kupriya-
nova, 2009). Knowledge of the distribution of fossil species is likely
to be biased due to the unbalanced knowledge of fossil serpulids
between geographic areas, in addition to the already mentioned
issues.

Serpulids are not the only organisms to produce calcareous
tubes. Throughout the Phanerozoic numerous morphologies of
calcareous macro- and microscopic tubes have been recorded, but
true serpulids are known only from the Middle Triassic onwards,
previous examples being regarded as a variety of problematica;
those Paleozoic spirorbid-like small coiled tubes are considered to
have tentaculitid or lophophorate affinities (Vinn and Mutvei,
2009). Serpulid tubes are calcitic or aragonitic, or a mixture of
both, whereas Sabellidae tubes are often built with mucus and
foreign material, or either they are entirely organic, the only
exception being the genus Glomerula Brünnich Nielsen, in which
mineralization began in the Early Jurassic (Vinn et al., 2008). Other
calcareous tube-building polychaetes, though more distantly
related to Sabellida, are some species of cirratulids (Vinn and
Mutvei, 2009). Since all studied samples are of Early Cretaceous
age, there is no doubt that all tubes are true serpulids and
sabellids.

We follow Jäger (1983, 2004) and WoRMS (Fauchald, 2007:
World Register of Marine Species, 2011, online catalogue) for the
classification of Polychaeta. For the description of the species we
use the terminology defined in Regenhardt (1961), modified by
Ware (1975) and Jäger (2004). Synonymy lists are based on papers
with figured specimens. Stratigraphic occurrences and ages of
serpulid and serpulid-like tubes are based on the detailed
ammonoid zonation of the Agrio Formation proposed by
Aguirre-Urreta et al. (2005, 2007) and Aguirre-Urreta and Rawson
(2010). All specimens were coated with ammonium chloride
before being photographed.
Institutional abbreviation: CPBA: Colección de Paleontologı́a,
Facultad de Ciencias Exactas y Naturales, Universidad de Buenos
Aires, Buenos Aires, Argentina.

Class POLYCHAETA Grube, 1850
Subclass CANALIPALPATA Rouse and Fauchald, 1997
Order SABELLIDA Fauchald, 1977
Family SABELLIDAE Latreille, 1825
Subfamily SABELLINAE Chamberlin, 1919
Genus Glomerula Brünnich Nielsen, 1931
Type-species: Serpulites gordialis von Schlotheim, 1820.
Synonymy: Cycloserpula Parsch, 1956; Omasaria Regenhardt,

1961; Calsisabella Perkins, 1991.
Diagnosis (Regenhardt, 1961; Jäger, 2004; Ippolitov, 2007a):

tube calcareous, solitary or pseudocolonial, labyrinthically coiled;
may present an erect portion. Tube meandering, straight or
variably coiled, typically disposed as knots, spirals and tangles.
Transverse tube section subcircular, occasionally showing trilobate
lumen narrowings and crescentic cavities within the tube walls.
Tubes smooth, unsculptured, without peristomes and basal seam.

Glomerula cf. serpentina (Goldfuss, 1831)
Fig. 2
1831. Serpula gordialis von Schlotheim varietas serpentina –

Goldfuss, p. 240, pl. 71, fig. 4.
1961. Glomerula solitaria sp. nov. – Regenhardt, p. 28, pl. 9,

fig. 11.
1961. Omasaria omnivaga sp. nov. – Regenhardt, p. 45, pl. 5,

fig. 7.
1964. Glomerula jerseyensis, n. sp. – Clough, p. 999, text-fig. 1.
1983. Glomerula gordialis (Goldfuss) – Jäger, pl. 2, figs. 1, 4, 6–10,

13, 14, 16–18.
2004. Glomerula serpentina (Goldfuss) – Jäger, p. 130, pl. 1, fig. 1.
2010. Glomerula serpentina (Goldfuss) – Sørensen and Surlyk,

p. 555, pl. 2, fig. 11.
2011. Glomerula serpentina (Goldfuss) – Jäger, p. 680, pl. 1, figs.

1–7.
Material: encrusters found on eight specimens of Steinmanella

vacaensis (Weaver, 1931) (CPBA 20865, 20872, 20868, 20869,
20870, 20872), one specimen of Gervillaria Cox, 1951 (CPBA 20874;
tubes or larger size), 12 fragments of branches of the scleractinian
coral species Stereocaenia triboleti (Koby) (CPBA 19666, 19667,
19668, 19978), and 14 specimens of the pectinid bivalve
Prohinnites Gillet (CPBA 20531-20533, 20535, 20536).

Occurrence: Steinmanella specimens are from the Agua de la
Mula Member of the Agrio Formation, of late Hauterivian to
earliest Barremian age, from Bajada del Agrio, El Gasoducto and
Agrio del Medio localities; Gervillaria is from the Pilmatué Member,
Hoplitocrioceras gentili Zone, late early Hauterivian age, from the
Agrio del Medio locality; corals and pectinid specimens are from
the Pilmatué Member of the Agrio Formation, pectinids from
Decliveites crassicostatus Zone, and corals from Holcoptychites

agrioensis and Olcostephanus (O.) laticosta subzones, late Valangi-
nian-early Hauterivian, with the coral specimens from the Loma
Rayoso and Bajada del Agrio localities, and the Prohinnites

specimens from the Cerro Birrete, Cerro Marucho, Barda Marucho
and Cerro Negro Chico localities.

Description: rounded, calcareous tubes fixed to substrate
throughout preserved length, of circular cross-section, without
longitudinal or transversal elements. Lumen subcircular. Growth
pattern very irregular; tube convoluted, with meanders and sharp
turns, occasionally overgrowing itself. Maximum tube diameter is
achieved at a short tube length and is then stabilized and
maintained; diameter between less than 1 and little over 2 mm.
Tube thickness varies; may be considerably thick. Tube surface
sometimes with small wrinkles, but of smooth overall appearance.
Tubes often clustered.



Fig. 2. 1, 2. Glomerula cf. serpentina on Prohinnites Gillet, 1922. 1: CPBA 20531; 2: CPBA 20532. 3. G. cf. serpentina on Steinmanella vacaensis (Weaver, 1931), CPBA 20870. 4–6. G.

cf. serpentina on a fragment of the corselet of Steinmanella vacaensis. 4, 6: CPBA 20865; 5: CPBA 20868. 7, 8. G. cf. serpentina showing larger and smaller-sized tubes on the same

specimen of Steinmanella vacaensis. 7: right valve of specimen CPBA 20872, with Glomerula cf. serpentina on the trigonioid’s corselet; 8: left valve with large Glomerula cf.

serpentina to the left and smaller tubes to the right; note the difference in size and site of fixation on the upper part of the knobby flank. 9. G. cf. serpentina on Gervillaria Cox,

1951, left valve, CPBA 20874. Scale bars: 1–6, 2 mm; 7–9, 1 cm.
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Remarks: the genus Glomerula was erected by Brünnich
Nielsen (1931) as fossil serpulid tubes in which he placed
Serpulites gordialis von Schlotheim. Later study of other specimens
by Pugaczewska (1967) and Regenhardt (1961), along with other
researchers, followed Brünnich Nielsen’s criterion and assigned the
characteristic coiled tubes to Glomerula. Decades later, Perkins
(1991) described an extant sabellid which he named Calcisabella

piloseta, the only representative of the family to build its own
calcareous tube. The great similarity between fossil Glomerula

tubes and those built by this extant worm led Jäger (2004) to
synonymize both genera, maintaining the former which had
priority, and regarding G. piloseta as congeneric with the extinct
species. The tubes of extant and fossil species were later studied in
further detail by Vinn et al. (2008), who supported Jäger’s (2004)
assignment and stated that recent and fossil tubes have identical,
plesiomorphic ultrastructure, which in addition differs from
serpulid tubes. Ippolitov (2007a) regarded Brünnich Nielsen’s
genus as unavailable for the lack of designation of a type species,
which is a requirement for all genera created after 1930 (ICZN,
2000: art. 13.3), and while he agreed with all other aspects
discussed, he considered the genus Cycloserpula Parsch as valid.
This had been already done by Jäger (1993), who later regarded
Glomerula as valid (Jäger, 2004), along with ten Hove and
Kupriyanova (2009), since Brünnich Nielsen included only
Serpulites gordialis in his genus, and therefore it is the type species
on grounds of monotypy. Jäger (1983, 2004) synonymized
Omasaria Regenhardt, 1961, Calcisabella Perkins, 1991 and
Cycloserpula Parsch, 1956 with Glomerula, and his opinion was
followed by Ippolitov (2007a) and in this work.

Glomerula groups several species which most likely are an
underestimation of the real specific diversity of the fossil
representatives of this genus (Regenhardt, 1961; Pugaczewska,
1967; Jäger, 2004) due to the difficulty to separate them given their
simple tube morphology and variable mode of coiling (Jäger, 2012).
Jäger (2004) highlighted the taxonomic value of some tube
features, such as the trilobated narrowings of the lumen, which
are, however, very uncommon, and widely spaced when present.
This causes these structures to be very rarely available for
observation, since breakage most commonly takes place in
portions of the tube which lack trilobated narrowings, given that
most likely they acted as reinforcements of the tube walls (Jäger,
pers. comm. 2012). Regenhardt (1961) recognized fractures in the
tube, from which a smaller one often emerged, and attributed them
to autotomy processes, but these are not always present. A third
diagnostic character is the presence of crescentic-shaped cavities
within the tube wall, observed by Vinn et al. (2008), which are
likely to be obliterated by diagenesis. Whereas the genus is easily
recognized due to its very characteristic coiling, species are
difficult to distinguish; therefore Jäger (2004), having found a
bimodal distribution of tube diameters, proposed a separation of
morphotypes based on the tube diameter combined with the
appearance of the above-mentioned diagnostic features in the
course of evolution and time. He separated three intervals in which
these features successively appear, and which are characterized by
a ‘‘smaller’’ and a ‘‘larger’’ species, and sometimes also by a
pseudocolonial species. Yet in a more recent paper, he states that
this criterion is valid in offshore, fine-grained settings, in which the
two size-classes are clearly differentiated (Jäger, 2012); in
nearshore environments only the larger form seems to be
recorded. Specimens studied in this work closely resemble the
mode of coiling and general characteristics shared by G. serpentina

and the smaller coeval species, G. lombricus (Defrance, 1827), but
size appears more continuously distributed, with some inter-
mediate forms between extremely small tubes, comparable in size
to G. lombricus, and larger tubes ranging between 1 and 2 mm,
closer to the typical size range of G. serpentina. All of the smaller
specimens studied here belong, however, to nearshore settings,
and thus we follow Jäger (2012) in assigning them to G. serpentina.
Despite the morphological similarity, consideration must be taken
of both geographic and stratigraphic differences between Jäger’s
(2004, 2012) material and our own; species known to date are
based on European records of Lower Jurassic, Upper Jurassic and
Upper Cretaceous-Early Tertiary age, while the specimens
described in this work are Early Cretaceous and South-American,
so the assignation will be maintained in open nomenclature until
sabellid and serpulid knowledge is expanded in South America and
Gondwana.

See other synonyms for this species in Jäger (2004). Protula

rasilis Regenhardt (1961) has not been included in our synonymy
list, since it is a tube fragment too poor in our opinion to make an
assignment. Specimens examined strongly resemble G. lombricus

in shape and arrangement of tubes, the main difference being the
size of the tubes, according to the scheme by Jäger (2004).
G. serpentina presents trilobated lumen narrowings, as well as
crescentic shell cavities; none of this has been observed in our
specimens, since some of them are crushed, and the rest present a
strongly cemented calcareous shale infilling, and it seems
impossible to clean it without destroying the fragile tubes.

This species apparently tends to form less knots and three-
dimensional balls of coiled tube than G. gordialis (von Schlotheim,
1820). It is characterized by small segments limited by abrupt
bends, resulting in short sections of the tube running parallel to
each other, though according to Jäger (1993) this kind of features of
the tube is strongly controlled by environmental energy, knotted
forms being more typical of quiet settings, and tubes more closely
adpressed to the substrate usually prevailing in more agitated
environments. This agrees well with the provenance of our
material, from a storm-influenced shallow ramp (see above,
Geological Setting section).

Some of the specimens illustrated by Jäger (1983) are included
as synonyms since they are of Maastrichtian age. Few of them
display the trilobate lumen narrowings and crescentic cavities
within the tube wall. Chiplonkar and Tapaswi (1973a) described a
fragment of tube that they assigned to Glomerula gordialis from the
Upper Cretaceous of India. Given that it exceeds 1 mm in diameter,
it should belong to G. serpentina, but the poor quality of the
material does not allow us to confirm this point.

Family SERPULIDAE Rafinesque, 1815
Subfamily ‘‘SERPULINAE’’ Rafinesque, 1815
Genus Mucroserpula Regenhardt, 1961
Type-species: Mucroserpula mucroserpula Regenhardt, 1961.
Diagnosis (Regenhardt, 1961; Ware, 1975; Jäger, 2004;

Ippolitov, 2007b): loop-like, curved, calcareous tubes, small to
medium-sized, with moderate tube diameter increase; maximum
diameter 5 mm. Cross-section triangular at early growth stages,
rapidly giving way to pentagonal, subquadrangular or ovoid cross-
section. Longitudinal elements consisting of an upper keel, which
ends in a denticle at the aperture, and two supra lateral keels.

Mucroserpula mucroserpula Regenhardt, 1961
Fig. 3(3, 9, 10)
1961. Mucroserpula mucroserpula n. sp. – Regenhardt, p. 47, pl. 4,

fig. 2.
1975. Mucroserpula sp. cf. mucroserpula Regenhardt – Ware, p.

103, pl. 19, fig. 3–5.
Material: two encrusting serpulids on fragments of branches of

the scleractinian coral species Stereocaenia triboleti (Koby) (CPBA
19666); two specimens attached to the pectinid bivalve Prohinnites

Gillet (CPBA 20531).
Occurrence: specimens on corals are from the Pilmatué

Member of the Agrio Formation, Olcostephanus (O.) laticosta

Subzone, early Hauterivian, from the Loma Rayoso locality;



Fig. 3. 1, 4. Propomatoceros sulcicarinatus Ware, 1975 on Prohinnites Gillet, 1922; CPBA 20531. 1: note the peristomes towards the apertural end; 4: note the transversal outline

of the tube and the thickness of the tube wall. 2. Propomatoceros semicostatus (Regenhardt, 1961), on Prohinnites Gillet; CPBA 20531. The aperture shows two worn peristomes,

and small triangular expansions at the contact of the tube laterals and the substrate. 3, 9. Mucroserpula mucroserpula Regenhardt, 1961, tubes on coral branches. 3: CPBA

19666-133; 9: CPBA 19666-27. 5. Two specimens of P. semicostatus on a flank fragment of Steinmanella vacaensis (Weaver, 1931); CPBA 20867. Peristomes can be seen on the

L. Luci et al. / Geobios 46 (2013) 213–224218



L. Luci et al. / Geobios 46 (2013) 213–224 219
Specimens on pectinids from the Pilmatué Member of the Agrio
Formation, Decliveites crassicostatus Subzone, late Valanginian,
from the Cerro Birrete locality.

Description: curved calcareous tubes with an upper and two
supralateral keels, attached throughout their preserved length, with
a slightly expanded base. Tube cross-section subtriangular, rapidly
turning into a subquadrangular or ovoid outline, slightly higher than
wide. Upper keel irregular and undulate, sometimes becoming less
conspicuous with increasing tube diameter. Supralateral keels quite
irregular as well, two longitudinal sutures located below them. The
tube surface bears transversal growth lines bent anteriorly on the
upper part of the tube. The lumen is ovoid, with the maximum
diameter vertically oriented. Wall thickness remains uniform
throughout the whole cross-section. The longest specimen with
the earliest part of the tube preserved, displays three U-shaped,
sharp successive bends (Fig. 3(3)). Diameter increase of the tubes is
moderate, reaching up to 3 mm (lumen 0.5 mm), and length of the
longest fragment is up to 30 mm.

Remarks: specimens are encrusters on coral branches and
valves of pectinid bivalves; in all cases they are attached to them
throughout their preserved length, though it is likely that tubes
had an erect, free portion. Their morphology agrees well with the
description of M. mucroserpula Regenhardt, 1961. It differs from
other species of Mucroserpula mainly in the better demarcation of
carinae, and in that it does not seem to form a loop, as it usually
does in most species. Mucroserpula tricarinata is another typically
3-keeled species, but lateral keels are very subtle, and the tube is
more flattened overall, while our specimens have more prominent
lateral carinae and tubes are higher and less flattened.

Genus Parsimonia Regenhardt, 1961
Type species: Parsimonia parsimonia Regenhardt, 1961.
Diagnosis (Regenhardt, 1961): cylindrical tubes attached by

whole lower surface except for a short free, erected anterior
portion which may be present or not. Without a continuous, raised
longitudinal sculpture, though may have discontinuous incipient
keels, but they never span the whole tube length. Simple
transverse elements, without basal seam. Mostly large forms with
significant increase in size.

Parsimonia antiquata (Sowerby, 1829)
Fig. 4
1829. Serpula antiquata sp. nov. – Sowerby, p. 202, pl. 598, fig. 4.
1931. Serpula antiquata (Sowerby) – Weaver, p. 166, pl. 11, fig. 13.
1975. Parsimonia antiquata (Sowerby) – Ware, p. 111, pl. 21,

fig. 8.
?1961. Parsimonia subcissa sp. nov.– Regenhardt, p. 39, pl. 3,

fig. 7.
1979. Parsimonia antiquata (Sowerby, 1829) – Damborenea

et al., p. 93, pl. 10, fig. 8.
2004. Parsimonia antiquata (Sowerby, 1829) – Lazo, p. 78, fig. 8.6

(1–5).
2008. Parsimonia antiquata – Lazo et al., p. 511, fig. 17.7 (A, B, D).
2011. Parsimonia antiquata (Sowerby) – Aguirre-Urreta et al., p.

474, fig. 6d.
Material: several specimens in one rock sample (CPBA 19963)

and several loose specimens (CPBA 19959-19960, 20083); two
specimens of Decliveites crassicostatus (CPBA 20864, 20866, 20873)
heavily encrusted with P. antiquata.

Occurrence: in Argentina the species has been recorded in the
Lower Cretaceous of the Neuquén Basin (Weaver, 1931; Dambor-
enea et al., 1979). In particular, it is recorded from base to top of the
Pilmatué Member of the Agrio Formation (Lazo, 2004).
specimen on the right. 6. P. semicostatus on Ptychomya Agassiz, 1842; CPBA 20871. 7, 8.

coiled tube raising from substrate; 8: half serpulid preservation. 10. M. mucroserpula on P

1, 2, 4, 8–11, 2 mm; 3, 7, 3 mm; 5, 5 mm; 6, 1 cm.
Description: calcareous tubes with almost circular transversal
section, somewhat deformed when in close contact to other tubes.
Largest tubes are straight to sub-meanderiform. Tube large,
diameter ranging from 2.5 to 13 mm. Tubes generally occur
isolated on a variety of hard substrates, but bundles of up to 30
tubes were also found. The contact between tubes may be
tangential, straight or concave-convex. Tubes ornamented with
fine growth rings and unevenly spaced thicker rings. Some
specimens have annular (transversal) rugae. Some specimens
(e.g., CPBA 19959) are remarkably large, reaching a size of over
12 mm in many cases, and often growing in bundles of a few
specimens of variable size (ranging from 2.5 to 13 mm in
diameter). The largest specimens are deformed and sometimes
crushed, displaying an oval form with a larger axis (in the largest
specimen it is 13 mm) and a smaller one (9 mm). In these larger
specimens annular rugae are particularly conspicuous.

Remarks: most of the largest serpulid tubes from the Lower
Cretaceous worldwide have been traditionally referred to Parsi-

monia antiquata. Therefore it is likely that many different
morphotypes of tubes have been lumped together and a detailed
revision is still wanting.

In the Decliveites crassicostatus Subzone monospecific mass
aggregations of these serpulids occur in shales (Lazo, 2006: fig. 5H).
These aggregations are lenses that reach 2 m of maximum
thickness near the Bajada del Agrio locality. They present a dense
shell-packing of cementing serpulids in a fine-grained matrix.
Serpulid tubes are encrusted by small-sized oysters. Recent mass
aggregations of serpulids occur in stressed aquatic settings, for
example lagoons, bays, and fjords. They can acquire a gregarious
life habit under a range of salinities, from brachyhaline to
hyperhaline waters (ten Hove and van den Hurk, 1993).

Many invertebrates, mainly mollusks, are encrusted by tubes
likely to belong to Parsimonia antiquata, but preservation is often
too poor to be certain, since some worn specimens may belong, for
example, to specimens of Propomatoceros (see below) with the
keel worn out. P. antiquata is likely to be ubiquitous in the marine
facies of the Agrio Formation, and nearly all known mollusks of the
Agrio Formation include specimens displaying some of these
encrusting worms.

Regenhardt (1961) erected a new species, Parsimonia subcissa,
which is very similar to P. antiquata, but seems to present peristomes
or more developed annular thickenings. Comparing Regenhardt’s
(1961) figured material with Sowerby’s (1829), and considering the
similar descriptions of both, it is most likely that the two are
synonyms, in which case P. antiquata has priority. However, we will
not state this for certain until examination of both holotypes.

Genus Placostegus Philippi, 1844
Type species: Serpula tridentata Fabricius, 1780.
Diagnosis (Jäger, 1993; ten Hove and Kupriyanova, 2009): most

species with fixed part of the tube forming a loop, and three
protruding teeth at the aperture. Tube transparent in extant
species. Slow to moderate tube diameter increase. Cross section
generally triangular, with an upper keel. Anterior part of the tube
free, erect, with triangular to circular cross-section. Growth lines
curved forwards towards the keel.

Placostegus cf. conchophilus Radwańska, 2004
Fig. 3(7, 8)
2004. Placostegus conchophilus sp. nov. – Radwańska, p. 45, pl. 3,

figs. 1–9.
Material: 40 specimens as encrusters on the pectinid bivalve

Prohinnites Gillet (CPBA 20531, 20532, 20535, 20536, 20125.1-2).
 Placostegus cf. conchophilus Radwańska, 2004, both on Prohinnites; CPBA 20532. 7:

rohinnites; CPBA 20531. 11.?Neomicrorbis sp. on Prohinnites; CPBA 20531. Scale bars:



Fig. 4. Parsimonia antiquata Sowerby, 1829. 1, 8. P. antiquata on Decliveites crassicostatus Aguirre-Urreta and Rawson, 2010; CPBA 20866. 1: aligned tubes, sometimes

cemented alongside each other; 8: upper edge of the phragmocone fragment, showing how serpulids grew over it towards the other flank. 2–5, 7. Fragmented large specimens

of P. antiquata cemented on each other, forming tight clusters; CPBA 19959. 6. P. antiquata on Decliveites crassicostatus, with over 20 specimens aligned in the same direction,

and cemented closely together; CPBA 20864. Scale bars: 1–7, 5 mm; 8, 2 mm.
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Occurrence: from the Pilmatué Member of the Agrio Forma-
tion, Decliveites crassicostatus subzone, late Valanginian, from the
Cerro Marucho locality.

Description: coiled tubes with loop diameter ranging from 2
(rarely) to 7 mm. Initial planispiral part attached to substrate with
variable direction of coiling; last preserved whorl cemented on top
of the previous planispiral coils. Tubes most commonly broken at
the end of the last whorl. In the initial planispiral coiled part it may
be slightly involute. Some specimens present a worn keel; and in
some cases slight transversal striae are present on the last whorl.
Deep, commonly wide umbilicus. Tube walls rather thick. Basal
expansion of the tube well developed.

Remarks: according to Jäger (1983), Eoplacostegus Regenhardt,
1961 is a junior synonym of Placostegus. Jäger (2004) separated
those species with rounded tubes from the typically subtriangular
Placostegus and erected for them the genus Cycloplacostegus. The
studied material agrees well with Radwańska’s (2004) original
description. Preservation is often poor, obliterating or strongly
altering ornamental features of the tube, in particular the keel and
transversal striae. Many specimens are preserved as ‘‘half tubes’’
with the last whorl missing and only the cemented half of the
spirally coiled initial part of the tube remaining. The orientation of
the last part of the tube suggests that the aperture and final tube
portion were vertical and elevated from the substrate (Radwańska,
2004; Jäger and Kočı́, 2007). While the description and pictures of
P. conchophilus are very similar to our material, once again there is
a great geographic and temporal gaps between original specimens
and the ones studied in this work and thus assignment is better left
in open nomenclature.

Genus Propomatoceros Ware, 1975
Type-species: Propomatoceros sulcicarinatus Ware, 1975.
Diagnosis (Ware, 1975): tube with an upper keel, of

subtriangular transverse section in its initial portion, then
becoming subcylindrical in transverse section. Tube cemented
through most of its entire length, but the anterior portion of the
tube may be free and elevated from the substrate. Lateral surfaces
of the tube with slender growth lines, arched anteriorly towards
the upper keel. The keel is projected over the aperture, in the shape
of a denticle.

Propomatoceros semicostatus (Regenhardt, 1961)
Fig. 3(2, 5, 6)
1961. Pomatoceros semicostatus sp. nov. Regenhardt, p. 50, pl. 5,

fig. 10.
1975. Propomatoceros gracilis sp. nov. – Ware, p. 102, pl. 18, figs.

7–8.
Material: 26 specimens attached to Prohinnites Gillet (CPBA

20531); one specimen attached to Ptychomya Agassiz, 1842 (CPBA
20871); two specimens on a fragment of Steinmanella vacaensis

(CPBA 20867); two specimens encrusting Decliveites sp. (CPBA
20873).

Occurrence: specimens on Prohinnites are from the Pilmatué
Member of the Agrio Formation, Decliveites crassicostatus Subzone,
late Valanginian, from the Cerro Birrete locality; Ptychomya is from
the Agua de la Mula Member, Crioceratites diamantensis Zone (late
Hauterivian), from the Bajada del Agrio locality; Steinmanella is
from the Agua de la Mula Member, late Hauterivian to early
Barremian age, from the El Gasoducto locality; Decliveites is from
the Decliveites crassicostatus subzone, late Valanginian, from the
Pichaihue locality.

Description: tubes attached throughout preserved length,
subcircular to subtriangular in outline, with a continuous upper
low and thin keel. Lumen subcircular, tube walls rather thin. Tube
winding irregularly. Lateral walls with delicate growth striae
arched with the concave side oriented towards the aperture, and
shallow longitudinal sutures. Delicate peristomes occasionally
found at the mid-part of the tube, in the form of annular
thickenings (Fig. 3(5)); one worn specimen with two thickenings
on the aperture, and two basal anterior expansions of the tube wall
as it contacts the substrate (Fig. 3(2)). Tubes large, up to 5.4 mm in
diameter.

Remarks: even though Regenhardt’s (1961) species coincides
with our material, these tubes also closely resemble Ware’s (1975)
species Propomatoceros gracilis. P. gracilis is a junior synonym of
P. semicostatus, since description of both species and illustrations of
tubes are almost identical (Ippolitov, pers. comm. 2012); Ippolitov
(2007b) had already provided a list of valid species for
Propomatoceros, from which he excluded P. gracilis (see Remarks
on P. sulcicarinatus for further comments on this point and the
general status of the genus). The upper denticle mentioned by
Ware (1975) could not be observed in our material, probably due to
breakage of the anteriormost part of the tubes, and the worn status
of many of them. The slender keel and conspicuous growth striae
are characteristic features of this species, and they make it easy to
recognize it.

Propomatoceros sulcicarinatus Ware, 1975
Fig. 3(1, 4)
1975. Propomatoceros sulcicarinata sp. nov. – Ware, p. 99, pl. 18,

figs. 1–4.
Material: 37 fragments of branches of the coral species

Stereocaenia triboleti (Koby) and Columastrea antiqua Gerth with
encrusting and/or bioimmurated serpulids (CPBA 19666, 19667,
19668, 19978, 20539); one specimen attached to the pectinid
bivalve Prohinnites Gillet (CPBA 20531).

Occurrence: specimens on corals from the Pilmatué Member of
the Agrio Formation, Holcoptychites agrioensis and Olcostephanus

(O.) laticosta Subzones, Hoplitocrioceras Zone, early Hauterivian,
from Loma Rayoso, Bajada del Agrio and Agrio del Medio localities;
specimens on Prohinnites from the Pilmatué Member of the Agrio
Formation, Decliveites crassicostatus Subzone, late Valanginian,
from the Cerro Birrete locality.

Description: tubes attached to the substrate, with a sub-
triangular cross-section and an upper keel, of rapid diameter
increase at early growth stages, stabilizing at a maximum diameter
of 7 mm. Tube laterals of low convexity, with thin transverse
growth lines. Transversal section initially subtriangular, giving
way to a subcircular one. Tube meandering or slightly coiled. Wall
thickness varies, and may increase to reduce the lumen to half the
tube’s diameter. Tube wall with two well differentiated concentric
layers, an external thicker one interrupted, in cross section, at the
contact with the substrate in which the tube displays a basal lateral
thickening. Some specimens present a thicker keel, and constric-
tions alternating with thickenings towards the apertural end,
which may be peristomes (Fig. 3(1)).

Remarks: Ware (1975) erected Propomatoceros to separate
from the Jurassic genus Pomatoceros Phillipi those Cretaceous
tubes which, just like the latter, had an initial subtriangular
transversal outline, but later develop a greater convexity and often
elevate the youngest part of the tube from the substrate. By these
standards, Propomatoceros includes all Pomatoceros-like tubes of
Cretaceous age. Ippolitov (2007b) added several previously
described Triassic and Jurassic species to the genus, extending
the temporal range of the genus, and named two new Jurassic
species, while in the list of Cretaceous species he mentioned only
two of the four species of Ware (1975), excluding P. dentata and
P. gracilis. We agree on those created by Goldfuss (1831) and
Regenhardt (1961), some of which had been also signaled as
belonging to Propomatoceros by Ware (1975).

Specimens studied here fit with the original description of the
English Aptian Propomatoceros sulcicarinatus Ware, 1975. The
denticle could not be observed due to the preservational status of
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all specimens, all found attached to coral branches, except for one
which was observed on the inner side of an oyster valve
(Amphidonte (Ceratostreon) sp.) and one on Prohinnites, which is
broken and the terminal portion of the tube is not preserved.

Subfamily SPIRORBINAE Chamberlin, 1919
Genus Neomicrorbis Rovereto, 1903
Type-species: Serpula crenatostriata Münster in Goldfuss, 1831

(fide Regenhardt, 1961: 89).
Diagnosis (modified from Jäger, 1993, 2012): spirally-coiled

tubes presenting sinistrally and dextrally-coiled specimens within
a single species in approximately equal numbers. Tubes smooth or
ornamented mainly with transverse elements (wrinkles, peri-
stomes), sometimes longitudinal elements may be present (keels
or rows of small tubercles or spines). Size of tubes generally larger
than most spirorbins, sometimes exceeding 5 mm in coil diameter.
A coiled free portion may be present, but it is usually short.

?Neomicrorbis sp.
Fig. 3(11)
Material: 104 specimens as encrusters on the pectinid bivalve

Prohinnites Gillet (CPBA 20531).
Occurrence: Pilmatué Member, Decliveites crassicostatus sub-

zone, late Valanginian, from the Cerro Birrete locality.
Description: small, planispirally-coiled tubes between 0.8 and

1.2 mm in diameter of the coil; rarely reaching 2 mm. Tube
diameter increases quite rapidly. Coiling direction variable,
sinistral or dextral. Without preserved ornamentation or peri-
stomes. Occasionally a deep umbilicus is present, but in most
specimens the previous whorls can be observed towards the center
of the coil. Lumen subcircular in outline. Faint ornamentation can
be observed in some specimens, consisting of small transversal
wrinkles, sometimes with an upper discontinuous portion.

Remarks: most of the specimens are heavily worn and strongly
recrystallized, hence it is possible that they presented some
ornamentation which was blurred or abraded. Some of it can be
observed on some specimens, which present remnants of small
transversal wrinkles (see, e.g., the two specimens to the right of
Fig. 3(11), in which wrinkles can be observed in some parts of the
outer whorl; in the upper specimen they seem to be interrupted by
a longitudinal gap or furrow). Aggregation of specimens is
common; sometimes tens of specimens are found closely disposed
in a particular portion of the host’s shell. While coiling in two
directions is characteristic of Neomicrorbis, these specimens are
much smaller than the usual representatives of the genus, and
ornamentation and general disposition of the tube do not agree
well with any of the fossil species currently known. Given these
issues, and the poor preservation of the samples, which allows
observation of few diagnostic features, these specimens are
assigned to Neomicrorbis with doubts; finding of further, better
preserved specimens may provide more useful information.

4. Discussion

Despite the issues already discussed associated to the study of
fossil serpulids, valuable information can be obtained from their
study. For example, the aggregates formed by Parsimonia antiquata

are a consequence of marine salinity variations during the
deposition of the Agrio Formation (Lazo et al., 2008). The frequent
finding of serpulids as encrusters on other invertebrates provides
evidence on interspecific interactions, sometimes undoubtedly in

vivo (Garberoglio and Lazo, 2011), and illustrates the necessity of
cementing organisms to colonize the hard parts of other skeletal
benthos due to the overall lack of hardgrounds in the Agrio
Formation.

Serpulids are quite diverse in this unit: seven taxa are described
in this work, with two subfamilies of Serpulidae represented, along
with the only known genus of calcified sabellid tube. Even though
they are not found as encrusters on other shells, several records of
colonial serpulids have also been reported from the Agrio
Formation (Lazo, 2006). It is likely that careful collection of more
samples in the field will yield further morphotypes, and study of
sections of available specimens might improve the resolution of
those provisionally identified thus far.

4.1. Serpulid mode of occurrence on bivalve shells

Serpulids were found either aggregated or solitary on bivalve
shells. Aggregates include few specimens, rarely more than four or
five, often growing in the same direction, side by side, rarely
encrusting each other. In the bivalve Prohinnites, while serpulids
usually grow radially with the longest axis oriented parallel or
oblique to the dorsoventral axis of the bivalves, sabellids are often
found along the coarse and rugose concentric growth lines, almost
hidden beneath them. They are often found aggregated, and
overgrowing each other in such manner that sometimes it is
impossible to distinguish between specimens. It is important to
note that the highest diversity of serpulids was recorded on this
host, and this is probably related to the fact that Prohinnites was an
epifaunal, sessile, large and robust pectinid, likely to have provided
a stable substrate for a long time, and an ample surface for
colonization and growth.

On the trigonioid bivalve Steinmanella vacaensis, sabellids are
found mostly on the corselet, or in the uppermost part of the flank
ribs, among their coarse tubercles. Other related species of
Steinmanella are regarded as semi-infaunal, with the corselet
exposed above the substrate, and available for encrustation (Luci,
2010). This indicates that encrustation may have taken place in

vivo, or at least while the shell was still in life position, but a
sedimentologic and facial study is required to state this for
certain, since it is complicated to differentiate between post-

mortem and in vivo encrustation (Taylor and Wilson, 2003). Some
encrusters are clearly post-mortem, as is the case of the only
figured specimen of the bivalve Ptychomya, which is encrusted by
a quite large tube belonging to Propomatoceros semicostatus which
occupies two-thirds of the right valve surface. Since Ptychomya

was a shallow burrower (Lazo, 2004), with the posterior margin of
the shell near or at the sediment-water interface, and serpulids
are cemented epifaunal, the worm must have attached to the
bivalve only after it was removed from its living position. A
fragment of the flank of Steinmanella vacaensis encrusted by two
P. semicostatus of rather large size (maximum diameter 5.4 mm)
overgrowing each other are likely to be post-mortem as well,
considering the life habit of the host.

4.2. Serpulid mode of occurrence on corals

Corals have tentacles beating nematocysts, making it difficult
for encrusters to settle on their skeletons while polyps are alive.
Encrustations of M. mucroserpula and G. serpentina lack preferred
orientations on the coral branches, and there are no signs of
response of the coral to their settlement; only for G. serpentina

there is one specimen (CPBA 19667) showing an incipient
overgrowth of the corallites over the sabellid tube, but we infer
that the latter settled on a dead portion of the corallum and the
overgrowth was subsequently produced by regeneration of the
coral from a nearby living portion. All encrustations by these
species are therefore considered post-mortem.

Quite different is the case of P. sulcicarinatus. Tubes of this
serpulid have been recorded encrusting branches of coral with no
apparent response, and so considered post-mortem as well, but
there are other cases in which there is convincing evidence of live
interaction between both organisms. Propomatoceros sulcicarinatus
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tubes settled over living coral branches, growing vertically
upwards, and became bioimmured as the coral grew wider. This
interaction has been considered a symbiosis, since both organisms
benefited from it (Garberoglio and Lazo, 2011).

4.3. Serpulid mode of occurrence on cephalopod shells

Serpulids were also recorded on ammonoids and nautilids. In
particular, they were found on very large, flattened specimens of
Decliveites crassicostatus, a common late Valanginian neocomitid
of the Pseudofavrella angulatiformis Zone (Aguirre-Urreta and
Rawson, 2010). Serpulids are found mostly aggregated, but unlike
those aggregates on bivalves, these are composed by numerous
specimens oriented subparallel to each other and also over-
growing each other. Specimen CPBA 20864 (Fig. 4(6)) displays at
least 28 specimens of Parsimonia antiquata encrusting one side of
the phragmocone, and growing over the venter towards the other
side. Even though it is encrusted by fewer tubes, specimen CPBA
20866 (Fig. 4(1, 8)) shows the same pattern of encrustation.
Serpulids are known to be common encrusters on the shell of
extant Nautilus Linné (Landman et al., 1987), as well as in other
fossil cephalopods, in which sometimes very interesting sym-
bioses are found (e.g., Andrew et al., 2011). Yet the size and
number of the serpulids found on D. crassicostatus are both too
large to have taken place on a living ammonoid, which would
surely have seen its floating capability affected. Most likely this is
another case of post-mortem encrustation, although the growth
pattern of the worms is peculiar. Evolute and compressed
ammonoid shells such as the shell of D. crassicostatus are expected
to have lain on either flank when finally resting on the sea bottom
upon death (Reyment, 1980). The observed serpulid specimens
begin their growth in one of the flanks, and grow over the venter
and into the other flank, which is incompatible with the expected
orientation of the shell on the substrate. This encrustation pattern
could be explained if the shell was lying oblique with respect to
the sediment-water  interface, or partially buried in the sediment,
exposing part of the phragmocone. Another explanation, though
less likely, is that encrustation took place during a necroplank-
tonic drifting phase. Ammonites are expected to sink rapidly on
the grounds of their long body chamber (Cichowolski and Aguirre-
Urreta, 2005), so more evidence would be needed to sustain the
latter hypothesis.

Other cephalopods are also encrusted by serpulids and
sabellids, remarkably nautilids (Luci and Cichowolski, 2011),
which are often encrusted on the inside of the ample body
chamber, sometimes forming accumulations of tens of serpulids
cemented one upon the other, showing a likely preference for
cryptic or protected habitats. In some sections of the phragmocone,
in vivo interactions have been observed when serpulids tubes were
found trapped between successive whorls of the nautilid.

4.4. Other encrusters commonly associated with serpulids

Serpulids and sabellids are not the only encrusters found on the
studied hosts, and bryozoans and bivalves are also common.
Serpulids are often overgrown by bryozoans, and while it is hard to
establish if the interaction took place in vivo for both organisms,
most likely serpulids were unaffected by such bryozoan cover, as
long as it stayed far from the tube opening, which was in most
cases elevated from the substrate. Oysters and other bivalves are
rarely cemented over tubes, and are sometimes encrusted on the
inner side of the cemented valve by small serpulids, in an
undisputed example of post-mortem encrustation. Serpulids were a
major part of the encrusting communities of mollusks of the Agrio
Formation, being surpassed in abundance only by oysters, but far
more diverse than them.
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providing bibliography. The authors are indebted to Drs. Ippolitov,
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Jäger, M., 1993. Danian Serpulidae and Spirorbidae from NE Belgium and SE
Netherlands: K/T boundary extinction, survival, and origination patterns. Con-
tributions to Tertiary and Quaternary Geology 29, 73–137.
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opas, ihre ökologische, taxionomische und stratigraphische Bewertung. Mittei-
lungen aus dem Geologischen Staatsinstitut in Hamburg 30, 5–115.

Reyment, R.A., 1980. Floating orientations of cephalopod shell models. Palaeontol-
ogy 23, 931–936.

Senowbari-Daryan, B., Link, M., 2005. Filograna (colonial serpulid worm tubes) from
Upper Triassic (Norian) reef boulders of Taurus Mts (southern Turkey). Facies
51, 454–459.

Sørensen, A.M., Surlyk, F., 2010. Palaeoecology of tube-dwelling polychaetes on a
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Spalletti, L.A., Poiré, D.G., Schwarz, E., Veiga, G.D., 2001. Sedimentologic and
sequence stratigraphic model of a Neocomian marine carbonate siliciclastic
ramp: Neuquén Basin, Argentina. Journal of South American Earth Sciences 14,
609–624.

Taylor, P.D., Wilson, M.A., 2003. Palaeoecology and evolution of marine hard
substrate communities. Earth-Science Reviews 62, 1–103.

Veiga, G.D., Spalletti, L.A., Schwarz, E., 2011. Los depósitos continentales del
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