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Abstract A fossil of a colonial organism with pyritized
soft tissues of elongated fusiform zooids, found in the
middle part of the early Floian Fenxiang Formation in
Hubei Province of China, probably represents the oldest
reliable record of a hydroid cnidarian. The preservation of
the fossil is sufficiently different from that of associated
carbonized skeletons of graptolites to exclude affinities
with this group. The fossil is unlikely to be a bryozoan
because of the mode of budding from proximal, not distal,
parts of parent zooids, which is typical rather of hydroids.
Although no thecae are preserved, the fossil, named Sino-
bryon elongatum gen. et sp. nov., is suggested to be a
thecate hydroid, possibly related to the Haleciidae. The
apparent presence of an advanced member of the thec-
aphoran Macrocolonia clade in strata 470 Ma old means
that much of the hydroid (and cnidarian) diversification
preceded the Middle Ordovician.
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Kurzfassung Fin fossilisierter kolonialer Organismus
mit pyritisierten Weichteilen aus dem mittleren Teil der
Fenxiang Formation (frithes Floium, Hubei Formation,
China) stellt wahrscheinlich den éltesten Vertreter der
hydroiden Cnidaria dar. Die Erhaltung dieses mutmafli-
chen Vertreters der Hydrozoa ist hinreichend verschieden
von der kohligen Erhaltung dort ebenfalls vorkommender
Graptolithen, um eine Zugehorigkeit zu dieser Gruppe
auszuschliefen. Das Fossil zeigt einen typisch hydroiden
Knospungsmodus, der vom proximalen und nicht vom
distalen Teil des Zooids erfolgt. Hierdurch unterscheidet es
sich von Bryozoen. Obwohl Thecae nicht erhalten sind,
wird vorgeschlagen, das Fossil mit dem Namen S. elong-
atum gen. et sp. nov. den thecaten Hydrozoen zuzurechnen.
Es ist moglicherweise mit den Haleciidae verwandt. Die
offenkundige Prdsenz eines abgeleiteten Vertreters der
Klade Macrocolonia (Thecata) vor 470 Mio a legt nahe,
dass die wesentlichen stammesgeschichtlichen Aufspalt-
ungen der Hydrozoa (und Cnidaria) bereits vor dem mit-
tleren Ordovizium stattgefunden haben.

Schliisselworter Hydrozoa - Evolution - Fossil - China -
Ordovizium

Introduction

It is popular wisdom that hydras and medusae are among
the most primitive of living animals. This is why early
students of ancient Ediacaran and Cambrian fossils
expected to find them there. It was once customary to
classify any fossil of a colonial organism with organic
skeleton among the hydrozoans (e.g., Koztowski 1959). If
hydroid polyps are so ancient, their medusa stages (or at
least those of phylogenetically more basal cubozoans or
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scyphozoans) would also be represented in coeval strata.
Contrary to expectations, there is no conclusive evidence
that medusoids with tetraradial symmetry were present in
the Ediacaran or Cambrian. The alleged Precambrian me-
dusoids were actually basal discs of problematic frond-like
Petalonamae (e.g., Dzik 2002; Young and Hagadorn 2010),
whereas those from the Cambrian (Cartwright et al. 2007,
Young and Hagadorn 2010) were disc-like skeletons of
probable lophophorates Eldonioidea (Dzik 1991; Dzik
et al. 1997) or show close similarity to Cambrian cteno-
phores (e.g., Maotianoascus; Chen and Zhou 1997; Dzik
2002) with their perioral “bulb” resembling an umbrella.
Most of the isolated carbonized structures retrieved from
Ordovician and Silurian limestones which were once
interpreted as fossil hydroid thecae (e.g., Koztowski 1959;
Miller and Williams 1991; Rickards et al. 2001), if not all,
are graptolite stolons (Mierzejewski 1986; Mierzejewski
and Kulicki 2001). Unlike collagenous fusellar and cortical
tissues of the colonial skeleton, secreted with the preoral
disc, the stolon of graptolites and extant Rhabdopleura is a
cuticular structure covering directly the soft body (Urbanek
and Dilly 2000). Such proteinaceous skeletons preserve
well (Briggs et al. 1995), being transformed into aliphatic
polymers (Gupta et al. 2006), their potential for preserva-
tion being much higher than that of chitinous hydroid
thecae. Paradoxically, in this way the Hydrozoa, once
believed to be a very ancient lineage, are deprived of most
of their fossil record.

It is known that hydroids and scyphozoans have a linear
mitochondrial DNA, a derived condition with respect to
anthozoans, which appear to be more ancient in phyloge-
netic terms (Bridge et al. 1992). As suggested by molecular
phylogenies, domination of the medusa stage is plesio-
morphic for the Hydrozoa; apparently trachyline hydroids
inherited this state from their cubozoan ancestors (Collins
et al. 2008). Moreover, solitary polyps are probably
ancestral for the hydrozoans; coloniality as a common
phenomenon developed with derivation of the capitate
clade (Cartwright and Nawrocki 2010). The capitate hy-
droids, with two sets of tentacles corresponding to oral and
marginal tentacles of medusae, respectively, retain a polyp
body plan resembling that of a medusa (Shimizu and
Namikawa 2009). All this means that the traditionally
understood paraphyletic “scyphozoans” should be next
after anthozoans and precede hydrozoans in the fossil
record.

The timing of appearance of medusae and colonial
hydroids is of much importance in calibration of the
metazoan phylogenetic tree. Surprisingly few fossil dates
are available for calibration of cnidarian molecular phy-
logenetic trees, and they may be of low reliability (e.g.,
five in Park et al. 2012, three in Stolarski et al. 2011).
Therefore, any evidence that such fossils are represented
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in the Early Paleozoic requires close scrutiny. In this paper
we critically evaluate a new finding of a possible ancient
hydrozoan in the Ordovician of the Three Gorge area of
southern China.

Geological setting

The single specimen described in this paper was collected
from the middle part of the Ordovician Fenxiang (transcribed
also Fenhsiang) Formation near the Village of Tianjialing.
The section lies on the northwest edge of the Huangling
Anticline (Fig. 1a), about 8 km southeast of Xingshan
County in the Yichang area (also known as the Three Gorge
area) of Hubei Province (southern China). It consists mainly
of dark-grey to grey skeletal and peloidal limestone and
greenish-grey shale, about 40-50 m thick in the east and
about 20 m thick in the west of the anticline (Fig. 1). In the
Tianjialing section, the formation attains about 10 m in
thickness (Fig. 1b) and yields rather sparse, usually very
fragmented fossils, although exceptionally a few specimens
preserving soft body or organic skeleton were also found.
Bryozoans, trilobites, and benthic graptolites (Acantho-
graptus and Koremograptus) are the most common. In
acid-resistant residues of limy intercalations, phosphatized
antipatharian corals are abundant; brachiopods, conodonts,
and phosphatized remnants of arthropods are less numerous
to very rare. The conodonts indicate an earliest Floian
(Arenig) age for the strata (Baliniski et al. 2012). The hydroid
specimen described in this report and a few specimens of
linguloid brachiopods preserving soft parts with remarkable
fidelity (Baliiski and Sun 2013) were collected from a
single, few-centimeter-thick bed of greenish-grey shale.

Preservation of the specimen

The fossil from the Fenxiang Formation is discernible on
the surface of shale due to the color distinction between the
stem and zooids and their background (Fig. 2). As visible
under a scanning electron microscope (Fig. 3g, h), it con-
sists of tightly packed spherical framboids, which implies
that the original mineral was pyrite (FeS,). Elemental
analysis of framboids in the studied specimens from the
Fenxiang Formation shows a concentration of iron but no
signal for sulfur. Other mapped elements (silicon, alumi-
num, potassium, and magnesium) are mostly associated
with the background and are characteristic for clay min-
erals. The total absence of sulfur can be explained by
secondary oxidation of the original pyrite.

Although pyrite is ubiquitous in marine sediments, it is
rarely responsible for preservation of soft parts. Pyritiza-
tion of soft tissue requires exceptional physical and
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Fig. 1 Location of the Tianjialing section in the Three Gorge area of Hubei Province, southern China. a Geological map. b Rock column of the
Fenxiang Formation with the source level of the hydroid specimen indicated

chemical sedimentary conditions paired with rapid burial
(Allison and Briggs 1991).

The soft tissues of the Fenxiang hydroid were pyritized
throughout their whole volume and subsequently somewhat
flattened by sediment compaction. No remnant of the ori-
ginal organic matter is preserved, although the associated,
originally collagenous graptolite rhabdosomes are perfectly
preserved as black carbonized structures (transformed into
aliphatic polymers; Gupta and Summons 2007).

Morphology of the colony

The only specimen is preserved as a part and counterpart
about 50 mm tall. The attachment of the colony is missing.
The stolons and zooids were probably originally circular in
cross-section (Fig. 3g).

When data from the part and counterpart are superim-
posed on each other (Fig. 2), 13 lateral branches from a
main stem are revealed. The points of branching are not
quite clear, but the distance between them can be estimated
as approximately 3 mm. The axial stem is slightly zig-
zagged, resulting from branching. It is 0.5 mm thick at the
base and 0.32 mm in its upper part. The lateral branches
arise from the sides of the axis and are preserved on various
bedding planes, suggesting that the stem branched radially
and the regularly spaced branches were probably arranged
helically. The branches are almost perfectly straight except

for their attachments to the axis, to which they are inclined
at a slightly more acute angle. They attain 0.12-0.18 mm
in width and are inclined at about 23—40° to the main stem.
Only lateral branches bear zooids that developed only on
their upper (distal) sides about 2 mm apart.

The zooids arise uniserially at a very acute angle to the
lateral branches (Figs. 2, 3). They are rather sparsely dis-
tributed on the upper (distal) surface of the branches
(2 zooids per 5 mm); up to five zooids have been observed
on a single branch. They are up to 2.2-2.75 mm long,
slender, cylindrical, markedly elongated, and about 7.5-12.5
times longer than wide. When filled with (oxidized) pyrite,
they vary in width from 0.16 to 0.20 mm, but those
preserved as imprints are strongly compressed, attaining
about 0.3 mm in width.

Morphology of zooids

There is no evidence of any separate skeleton surrounding
the zooids. Apparently, only remnants of the soft tissues of
the “stolons” and “zooids” were sites of iron sulfide pre-
cipitation and its eventual transformation into crystalline
framboidal pyrite.

The pyritized bases of the zooids are in continuity with
the colony branch from which they arise. They are virtually
parallel to the colony branches for most of their length. The
most completely preserved zooid is 2.75 mm long. Its
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<« Fig. 2 Sinobryon elongatum, gen. et sp. nov., holotype ZPAL Hz

4/1a, b from bed 13, Fenxiang Formation, early Floian, Tianjialing
section, Hubei Province, China. a, b Part and counterpart showing
general form of the colony and style of branching. ¢ Enlargements of
the part showing relatively well-preserved zooids; note their elonga-
tion and infilling with partially oxidized pyrite (brown). d-h Enlarge-
ments of hydrothecae. e, g, h Specimens immersed in water

appearance is slightly fusiform, somewhat narrower near
the distal end, which is gently curved, departing from the
axis (Fig. 3b—f). Its aperture is poorly preserved but seems
to be transverse, without recognizable modifications.
Another zooid of similar shape is 2.12 mm long, but its
aperture is broken.

Fig. 3 Sinobryon elongatum, gen. et sp. nov., holotype ZPAL Hz
4/1a, b. a Superimposed camera lucida drawings of part and
counterpart (reversed) to show complete set of preserved branches.

Inferred pattern of budding

Apparently, the colony branches were arranged helicoi-
dally, emerging from the stem at its slight angular bends.
Presumably a signal to develop a lateral bud was connected
with bending of the preceding zooid (or permanently
immature stolonal main axis) in a way similar to that
observed in extant ramose hydroids (Kossevitch 2002;
Kossevitch et al. 2001). The arrangement of zooids only on
the upper side of lateral branches seems to be a plesio-
morphic trait in the erect hydroid colonies (Kosevich
2008). However, a vertical orientation of individuals
bearing perioral tentacular apparatus is a prerequisite of

b—f Best preserved zooids. g, h SEM pictures of a zooid showing
oxidized pyrite framboids that replaced the soft tissue

@ Springer



A. Baliniski et al.

proper filtratory action. One may expect that such a pattern
develops under selective pressure in any colonial organism,
irrespective of whether its tentacular apparatus is armed
with nematocysts (cnidarians) or only with cilia (loph-
ophorates). This alone cannot be used in search for rela-
tives of the Fenxiang colony.

The helical organization of the colony suggests that the
animal lived in a rather homogeneous environment without
stable directional water currents.

Possible zoological affinities

The Fenxiang hydroid-like colony is associated in the same
rock slab with well-preserved graptolite rhabdosomes,
including siculae of planktonic dichograptids. They are well
carbonized, black and glossy, and of a texture completely
different from that of the fossil under study. The lack of a
preserved organic skeleton excludes any possibility of their
affinity. The graptolite Mastigograptus, which is morpho-
logically closest to the Fenxiang fossil, is characterized by
heavily carbonized stolothecae (Andres 1961; Bates and
Urbanek 2002; Bates et al. 2009), unlikely to be not preserved
in taphonomic conditions suitable for other graptolites.
Moreover, the stipes of the Mastigograptus rhabdosome
consist of chains of stolothecae with alternately disposed
thecal bases of triads (Bates and Urbanek 2002), whereas in
Sinobryon elongatum gen. et sp. nov. the zooids arise unise-
rially on the upper surface of the branches.

The Fenxiang Formation abounds in bryozoans, and a
tempting alternative is that the studied colony represents a
bryozoan. Bryozoans were already diverse in the earliest
Floian (Arenig), forming reefal bodies of the Fenxiang
Formation (e.g., Adachi et al. 2011, 2012) and forming
communities with highly derived anatomies in the Baltic
region (e.g., Pushkin and Popov 1999; Koromyslova 2009).
Among members of those early faunas were also bryozoans
with erect uniserial colonies (e.g., the corynotrypid steno-
laemate Wolinella, Dzik 1981; cf. also the Late Ordovician
Schallreuterella, Hillmer 1987) or lacking mineral skeleton
and penetrating calcareous substrate (ctenostomes; Wilson
and Palmer 2006). The main difference between the Fen-
xiang colony and erect bryozoans is their pattern of bud-
ding. In the underived stenolaemate bryozoans, buds
emerge directly from the distal region of mother zooid, not
from its base. This is why we find a bryozoan affinity for
the Chinese fossil unlikely. Partially erect colonies with
chitinous skeleton characterize some extant ctenostomes
(e.g., Bowerbankia), but their branches are differentiated
stolons bearing clusters of zooids and show different pat-
terns of budding.

Yet another possibility that has to be considered is an
algal nature for the Fenxiang fossil. The main argument
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that can be used to refute any plant affinities is the apparent
stiffness of branches and regular appearance of the whole
specimen. Such regularity rarely develops in marine plants.
No adaptations to increase the surface area of branches to
promote photosynthesis are expressed in the morphology of
the fossil. Also, pyritization of the stem and probable
zooids is not a phenomenon typical for algal fossils, which
are generally not as rich in easily decaying organic matter
as are animal bodies. This is hardly strong evidence, but we
find it sufficient to reject the possibility of a plant origin for
the fossil.

An algal affinity has been recently suggested for the
celebrated late Devonian “hydroid” Plumalina (Muscente
2011). Fossils of a shape similar to Plumalina are known
from the Silurian (Taylor and Griffing 1996) and Ordovi-
cian (Webbyites: Kraft et al. 2001; Pennalina: Cope 2005).
Only in Webbyites rokycanensis (Boucek 1934) are details
of the morphology of possible thecae available (Kraft et al.
2001), and they resemble graptolites rather than hydroids.
Whether this can be extended to all Plumalina-like
Paleozoic fossils is unknown.

The most likely alternative remains thus a hydroid affinity
for the Fenxiang colony. If so, this is a rather advanced form.
As already pointed out above, molecular phylogenetic data
show that the most basal hydroids were probably solitary
(Cartwright and Nawrocki 2010). Coloniality first developed
with origin of the capitate clade. Among these, the extant
Halocordyle has an erect feathery colony with a strong,
somewhat undulose stem and lateral branches bearing reg-
ularly distributed zooids. Capitate zooids are of fusiform
shape, which agrees with the studied specimen. Although
there are no signs of possible tentacles in the Ordovician
fossil, they could have been retracted before burial and/or
located near the zooid tips. A capitate affinity for the Fen-
xiang colony would date the oldest known occurrence of this
relatively basal hydrozoan lineage.

The lack of preserved chitinous thecae in the Fenxiang
fossil does not, however, contradict its much more
advanced thecaphoran nature. Hydroid thecae are built of
chitin (Mali et al. 2004; Tretenichenko et al. 2006).
Structural chitin does not preserve in older rocks (Gupta
and Summons 2007), although in appropriate sedimentary
and diagenetic conditions chitin may transform into ali-
phatic hydrocarbon compounds (Gupta and Summons
2007).

According to molecular phylogenetic evidence, thecate
hydrozoans are the most advanced of the class. Erect and
branched colony shape is a derived character, being typical
for the lineages located high on the tree (Leclére et al.
2009), with the exception of the Lafoeidae, which probably
evolved such colony organization independently. Among
thecate hydroids having erect and branched colonies and
lacking free medusae, the most basal lineage is Haleciidae,
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characterized by short chitinous thecae that do not cover
the zooids completely. It is possible that the Fenxiang
fossil is a haleciid with incipient thecae that have not
fossilized because of taphonomic reasons.

If this interpretation is correct, similarity in the overall
colony shape and distribution of thecae of Pontifennia
gracilis Cope 2005, from the Early Ordovician of Wales
(Cope 2005), would be an expression of evolutionary
proximity despite the presence of probable thecae in this
fossil. The original or even early diagenetic composition
(phosphate?) of the fossilized tissue of the Welsh specimen
remains unknown. The probable thecae are completely
flattened. They are wider than the pyritized polyps in the
Chinese fossil, but the difference in proportions does not
preclude the possibility that these are polyps, too. How-
ever, the triangular shape and transverse distal ends are
suggestive of thecate (possibly graptolite) nature of the
fossil. On the other hand, some hydroids might show
diverse hydranth forms (see the bioimmured probable
hydroids from the Cincinnatian in Wilson et al. (1994).

Hydrozoan fossil record

Although there are many reports on alleged Cambrian and
Ordovician medusae (reviewed in Young and Hagadorn
2010), the oldest truly convincing material comes from the
Late Carboniferous Mazon Creek fauna (Johnson and
Richardson 1968; Ossian 1973; Foster 1979). “Medusina”
atava (Pohlig 1892) from the Early Permian lacustrine
strata of Thuringia (Miiller 1978) and Progonionemus
vogesiacus Grauvogel and Gall 1962 from the Middle
Triassic (Anisian) Gres a Voltzia of France (Grauvogel and
Gall 1962) are the oldest known limnomedusan hydrozoans
(probably Olindiidae). Tarracodiscus villalthai Romero
et al. 2011 from the Middle Triassic (Ladinian) Montral-
Alcover locality in Catalonia was classified in the lepto-
medusan (that is relatively basal thecate) Aequoreidae by
Romero et al. (2011). Hydrozoan medusae are well repre-
sented in the Late Jurassic lithographic limestone of
Bavaria (e.g., Kolb 1951).

A possible pyritized solitary hydroid has been recently
reported from the Late Ordovician (Sandbian) Llanfawr
Mudstone of Wales (Boting et al. 2011). An equally
problematic record of a solitary polyp is the 15-mm-long
Mazohydra megabertha Schram and Nitecki 1975, from
the Late Carboniferous (Westphalian) Mazon Creek fauna
(Schram and Nitecki 1975).

The oldest reliable fossil hydrozoan has been found
preserved by bioimmuration—enclosure under a skeleton
of another organism overgrowing the same substrate that
results in a natural mold on its basal surface. Such an
imprint on the basal surface of a bryozoan colony

encrusting a cephalopod conch is known from the Late
Ordovician Bellevue Beds of Kentucky. Its “preservation
suggests that these organisms were almost entirely cov-
ered in a thin, flexible periderm” (Wilson et al. 1994,
p. 269). Particular individuals emerged from anastomo-
sing stolons with stems that seem to be proximally
annulated. Because of a nipple-like termination of polyps,
affinities with the thecate family Campanulariidae were
suggested.

A few bioimmured probable thecaphoran hydroids are
known from the Late Cretaceous (Voigt 1973; Taylor
1988; Jarms and Voigt 1994; a calcareous stenolaemate
bryozoan colony was probably misinterpreted as a bio-
immurated hydroid by Waggoner and Langer 1993).

Stolons and zooids preserved as empty cavities (origi-
nally submerged) within serpulid polychaete calcareous
tubes are known beginning in the Middle Jurassic as
Protulophila gestroi (Scrutton 1975; Zagorsek et al. 2009).
Today such symbiosis with sabellids characterizes species
of Proboscidactyla, a filiferan with only two oral tentacles.
Strongly bilateral symmetry of apertures in the Jurassic
fossils favors such phylogenetic relationship.

If the Fenxiang fossil is a hydrozoan with affinities to
Haleciidae, it represents a highly derived member of the
class, and this implies that most of the hydrozoan evolution
preceded the Floian (Fig. 4). Nevertheless, erect colonies
have evolved independently many times in various clonal
suspension-feeders and sessile predators (not only
advanced thecate hydroids). Although the hydroid affinity
of the Chinese specimen is likely, its precise location on
the phylogenetic tree remains disputable.

Taxonomy

Class Hydrozoa Owen, 1843.
Subclass Hydroidolina Collins, 2000.
Type species: Sinobryon, gen. nov.
Sinobryon elongatum sp. nov.

Diagnosis: Erect, weakly monopodial colony with heli-
cally(?) arranged lateral branches covered with one row of
regularly distributed, elongated, fusiform polyps.

Etymology: Latin Sinae means Chinese, Greek bryon is a
moss.

Remarks: See remarks for the type species.

Sinobryon elongatum sp. nov. (Figs. 1, 2).

Material Holotype, ZPAL Hz 4/la, b (part and
counterpart).
Diagnosis Same as for the genus (by monotypy).
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Remarks The new hydroid is similar to Pontifennia
gracilis Cope 2005 from the Arenig Series at Pont-y-
Fenni Quarry, Whitland, Carmarthenshire, Wales (Cope
2005), in size and growth pattern. In both species the
zooids arise uniserially on the upper surfaces of the
branches. In the new genus and species the axis is only
slightly thicker than the lateral branches and of sinusoidal
course, whereas in P. gracilis the axis is straight and
thick. Despite some variation in the angle of branching,
the colony of Pontifennia seems to be pinnate, not heli-
coidal. The zooids of S. elongatum gen. et sp. nov. are
sparsely distributed along the branches and, even if their
preservation is different (zooids instead of thecae), they
were much longer and more slender. The main difference
between Pontifennia and Sinobryon, which is the elabo-
rate calycal thecae in the former, may be preservational.
The Chinese specimen is an almost three-dimensional
pyritic replica of the body, whereas the Welsh specimen
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seems to represent a secondarily mineralized chitinous
skeleton, flattened in shale. Presumably, the fossilization
history of the latter was complex and the present com-
position of the fossil is a result of late diagenetic alter-
ation. It has to be kept in mind that Pontifennia may be a
sedentary graptolite, as suggested by its similarity to the
coeval Webbyites. To determine the true affinities of these
two fossils, specimens with structurally preserved organic
skeletons are needed.
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