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Abstract.—The sponges may be the oldest group of Metazoa, with a long and successful evolutionary history. Despite
their intermittent fossil record quality, the group has been considered reliable for paleoecological and paleobiogeographic
analyses because they have inhabited various types of aquatic environments, forming a significant part of benthic com-
munities. We have presented a detailed description of a new species from the genus Teganiella, Teganiella finksi new
species, which expands the chronologic range and classifies the genus as endemic to the paleoequatorial regions of Laur-
entia associated with arid climate conditions linked to hypersaline periods. Combining the paleoecological and paleo-
environmental features of the Teganiella species, our findings also suggest a trend toward more closed-inlet
conditions, which may be related to competition and/or specific habitat supplies, for example, heavy metals such as van-
adium, zinc, and molybdenum.

UUID: http://zoobank.org/12901a63-7cd5-4207-ac7a-0ce12649fcaf

Introduction

Sponges are filter-feeding basal organisms with a long evolu-
tionary history (convincingly documented from lower Cambrian
to recent) and are regarded by many scientists as one of the most
primitive living animals. These sessile benthic organisms with
rapid larval settlement are recognized as dynamic multicellular
systems capable of living in various types of aquatic environ-
ments, usually comprising a significant portion of benthic com-
munities (Bond, 1992; Carballo and Bell, 2017). They can help
build hard substrates for benthic communities and can positively
influence the levels of primary production and nutrition cycles
(Jiménez and Ribes, 2007; De Goeij et al., 2008; Mohamed
et al., 2010; Carballo and Bell, 2017).

Their inhabiting ability, even in disturbed environments,
as well as their conservative features that favor migration and
reduce speciation, allows the poriferans to be considered poten-
tial tools for paleoecology and paleobiogeography analysis
(Bond, 1992; Carrera and Rigby, 1999).

Many authors have been able to identify paleoecology and
paleobiogeography patterns, even with considerable uncertain-
ties, such as limited resolution, differential quality of

preservation, and phylogenetic affinities (see Webby, 1980;
Rigby and Webby, 1988; Rigby and Chatterton, 1989; Carrera
and Rigby, 1999; Delecat et al., 2011; Ritterbusch et al., 2014,
2015; Li et al., 2015; Botting et al., 2017; Muir et al., 2017).

When those uncertainties are reduced, it is possible to elu-
cidate some generalized patterns of sponges, as noted by Muir
et al. (2013) regarding the glaciation effects on shallow-water
sponges during the Paleozoic. In addition, with the identification
of distribution and migration patterns, one can infer oceanic cur-
rents, paleogeographic dispositions, and climatic features (Car-
rera and Rigby, 1999). According to Carrera and Rigby
(1999), paleobiogeographic studies of Paleozoic sponges are
not very common. Here, we describe a new species of the
genus Teganiella, Teganiella finksi n. sp., found in Pennsylva-
nian black shale of the Mecca Quarry in the United States of
America. This discovery expands the chronologic distribution
and allows us to classify the genus as an endemic group of Laur-
entia in low latitudes associated with arid climate conditions
linked to local hypersaline periods. Our interpretation also sug-
gests that the unknown Form A of Court Creek, Illinois,
described by Rigby and Bitter (2005) is a poorly preserved
Teganiella finksi.
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Geologic setting

The Pennsylvanian system in eastern Indiana is restricted to the
Carbondale Group, which ranges in thickness from 79 m to
143 m but averages slightly more than 91 m. It is subdivided
into the Linton, Petersburg, and Dugger formations (Burger
and Wier, 1970, 1986). The Linton Formation is the lowermost
unit in the Carbondale Group, and deposits attain 24 m in thick-
ness. This formation is subdivided into five members: Coxville
Sandstone, Colchester Coal, Mecca Shale, Velpen Limestone,
and Survant Coal. Another undefined unit is composed of
shale, clay, and sandstone. This formation extends along the
eastern edge of the Illinois Basin (Fig. 1).

The Mecca Quarry (MQ) Shale, which overlies the Col-
chester Coal Member, is a fossiliferous bedded sheety shale
(0.3 m to 2.1 m thick) rich in heavy metals such as vanadium,
zinc, and molybdenum (Woodland, 1963; Vine, 1966; Coveney,
1977). The type section is exposed at 0.8 km southeast of
Mecca, Parke County, Indiana, and has been subdivided into
four levels (A, B, C, D; Fig. 2). It is considered one of the
most widespread black shales of the Pennsylvanian age in the
United States midcontinent, ranging from Illinois to Indiana,
and is correlated with the black shale of the Verdigris Formation
and its equivalents in Iowa, Nebraska, Oklahoma, Kansas, and
Missouri (Zangerl and Richardson, 1963; Wanless and Wright,
1978; Fig. 1). The shale often shows sheets thinner than a milli-
meter (Wier, 1950, 1965). Zangerl and Richardson (1963)
observed that the MQ has a great fossil content known as
‘Mecca Fauna,’ which is not equally distributed and well pre-
served throughout the layers. The Mecca Fauna is composed
of marine or at least brackish water animals, comprising inverte-
brates such as Porifera; articulate and inarticulate Brachiopoda;

Mollusca (Cephalopoda and Pelecypoda); Annelida; Arthro-
poda (Crustacea and Echinodermata); and vertebrates (Acantho-
dii and Elasmobranchii). It also has plant remains previously
identified as Neuropteris sp., Omphalophloios cyclostigma
White, 1898, Syringodendron sp., Calamites sp., and seaweeds
(see Zangerl and Richardson, 1963).

Two models of paleoenvironments have been proposed for
the MQ. The first characterized it as an offshore deepwater
model, as observed in other shales of midcontinent Pennsylva-
nian cyclothems (Evans, 1967; Heckel, 1977). However, Zan-
gerl and Richardson (1963) conducted a major paleoecologic
study in the Mecca Quarry and by combining the shale descrip-
tion (including geochemical analyses) with the fossil content,
they assigned a shoreline lagoon with marine influence model,
as seen in the southwest of the Florida Peninsula. The detailed
geochemical studies of heavy metals of the MQ conducted by
Coveney and Martin (1983) also corroborate the paleoenviron-
ment proposed by Zangerl and Richardson (1963). Considering
the context and the presence of reticulosan sponges, we consider
the paleoenvironment to be shoreline lagoon with a very brief
marine incursion.

The sponge samples analyzed in this work came from
levels B and D of the outcrop along the side of a small ravine
approximately 150 meters north-northeast of the Mecca Shale
Member type section near the Rockville-Clinton highway
(U.S. 41; Fig. 2).

Materials and methods

In 1960, Rainer Zangerl and Eugene Richardson conducted a
large and very detailed paleoecological study of Pennsylvanian
black shale of the Logan and Mecca Quarries of eastern

Figure 1. The locality of the Mecca Shale Member of the Linton Formation, USA. The map was drawn using Corel Draw x7.

Journal of Paleontology 93(5):827–838828

https://doi.org/10.1017/jpa.2019.7 Published online by Cambridge University Press

https://doi.org/10.1017/jpa.2019.7


Indiana, collecting over 16.7 m2 of these shales and reassem-
bling them at the Field Museum of Natural History in Chicago.
In 1963, Matthew Nitecki, an invertebrate paleontology curator
at the Field Museum, identified 43 samples resembling sponges
from Mecca Shale. He sent 34 of these samples to the American
Museum of Natural History paleospongiologist Robert Finks,
who identified the samples as possible sponges and stored them.

We reanalyzed all 43 samples and selected six
well-preserved samples to describe the species. The specimens
were measured using an electronic caliper associated with an
Olympus SZ51 stereomicroscope. The photographs were taken
with a Canon EOS Rebel T2i digital camera. The sponge
body and spicules were analyzed using an environmental
scanning electron microscope (ESEM) Philips XL30 housed at
the Faculty of Earth Sciences in Sosnowiec, Poland.

Aiming to delimit the spicule composition, we also per-
formed energy dispersive X-ray spectroscopy (EDS) at Centro
de Microscopia Eletrônica (CME), Federal University of Paraná
and at the Federal University of Rio Grande do Sul.

Repository and institutional abbreviation.—Specimens used in
this study are housed in the American Museum of Natural
History (AMNH), New York.

Systematic paleontology

Phylum Porifera Grant, 1836
Class uncertain

‘Reticulosa’ sensu Botting and Muir, 2013

Remarks.—Erected by Reid (1958) as an extinct group of the
Hexactinellida class and designated by Finks and Rigby (2004)
as an order. According to Finks and Rigby, reticulosans are
thin-walled sponges composed of stauractin, pentactins or
hexactins, and paraclavules. However, Botting and Muir (2013)
recognized Reticulosa as a paraphyletic group, being at least a
stem group of Hexactinellida, Silicea, and Demospongiae. For
this paper, we follow the classification of Botting andMuir (2013).

Family Teganiidae de Laubenfels, 1955
Genus Teganiella Rigby, 1986

Type species.—Teganiella heathi Rigby, 1986 by original
designation. Bashkirian, United States of America.

Teganiella finksi new species
Figures 3–7

Figure 2. Lithologic section of Mecca Quarry Shale Member with A, B, C, D layers, Linton Formation, Indiana. Outcrop picture taken by Zangerl and Richardson
(1963).
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Holotype.—AMNH 84179, well-delimited ovoid sponge with
diactins, hexactins, and small openings preserved; upper
Moscovian, Mecca Shale, Linton Formation, Indiana, United
States of America.

Diagnosis.—Small, coarse Teganiella sponge with numerous
ostia in the dermal layer. Spicules are small triaxons, mainly
hexactin with no arrangement. Diactin and possible stauractin
are also present.

Occurrence.—The type section is exposed at 0.8 km southeast
of Mecca, Parke County, Indiana.

Description.—Sponges are small, flat, rounded to vase shaped,
measuring 9 mm to 50 mm in height and 8 mm to 29 mm in
width (Figs. 3–7). Coarse openings with no regular pattern
and diameters of 0.05–0.07 mm are observed (Fig. 3.2, 3.3);
however, these openings can be a taphonomical artifact.
Almost all patches of spicules are triaxon hexactins preserved
in 3D and/or as impressions, with rays 0.1–0.2 mm long and
0.02 mm in diameter (Fig. 4.2). However, diactins with rays
0.2–0.3 mm long and 0.02 mm in diameter and perhaps minor
stauractins have also been found (Fig. 4.3). Spicules are
present but difficult to identify due to a film that obscures the
skeletal details. Most of the specimens are higher than they are

wide, and osculum delimitation is not visible. No microscleres
were found. The holotype AMNH 84179 (Fig. 4.1–4.3) is
approximately 39 mm high and 25 mm wide. It has an ovoid
profile with well-defined margins with patches of hexactins in
autodermalia with rays that are 0.1 mm long and have
diameters of 0.02 mm. On the upper edge, small openings are
presented. We also observed fragments of diactins, most likely
rhabdodiactins, with rays 0.05 mm long. However, these
megascleres may be a taphonomic artifact because the other
types of spicules are intact. The paratypes are AMNH 84172,
84174, and 84177. The first, AMNH 84172, is 23.07 mm high
and 14.36 mm wide with well-defined margins and numerous
diactin impressions (probably a taphonomical artifact;
Fig. 5.1–5.3). The diactin rays vary from 0.25 to 1.08 mm
long and 0.12 to 0.18 mm in diameter. Fewer tiny impressions
of pores and hexactins or possible stauractins are also
observed. The paratype AMNH 84174 has well-defined
margins and is 19.67 mm high and 20.05 mm wide, with
numerous loose diactins (rays varying from 0.19 to 1.03 mm
long and from 0.017 to 0.106 mm in diameter; Fig. 6.1–6.3).
In this specimen, tiny hexactins with rays varying from 0.17 to
0.28 mm and smaller pores with diameters varying from 0.07
to 0.09 mm are observed. The last paratype, AMNH 84177, is
the smallest specimen with a well-defined margin and few
impressions of diactins, hexactins, and ostia (Fig. 7). The

Figure 3. Pennsylvanian Teganiella finksi n. sp. (1) AMNH 84173 and (4) AMNH 84181, well-delimited specimens with poorly preserved spicules; pyritized
complete sponge with lower portion composed mainly of minor stauractin; (2) AMNH 84194 and (3) AMNH 84176, sponge with pores. Scale bars = 10 mm.
Red arrows mark the pores.
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Figure 4. Holotype of Teganiella finksi n. sp., AMNH 84179. (1) Completed and well-defined sponge with possibly a flat osculum on top; (2) details of the triaxon
hexactin; (3) the lower portion of the sponge formed by hexactin and minor stauractin. (1) Scale bar = 10 mm; (2, 3) scale bars = 1 mm. Red arrows = hexactins; green
arrows = autodermalia; gray arrow = stauractin.

Figure 5. Paratype of Teganiella finksi n. sp., AMNH 84172. (1) Complete sponge with isolate spicules; (2, 3) details of the triaxon hexactin and tiny spicules of
dermalia. (1) Scale bar = 1 mm; (2) scale bar = 250 µm; (3) scale bar = 200 µm. Red arrows = hexactins.
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specimen is 10.51 mm high and 8.31 mm wide. All the other
samples, despite having well-defined margins and few
diactins, hexactins, and ostia, are poorly preserved.

Etymology.—In honor of Robert Finks, the renowned
paleospongiologist of the AmericanMuseum of Natural History.

Taphonomy.—Considering the description of Zangerl and
Richardson (1963), Teganiella finksi n. sp. is rare, isolated,

parallel to the bedding planes, and assigned as
parautochthonous. Sponges were intensively affected by
diagenesis, showing two distinct modes of preservation. The
majority have a prominent and coarse dermal layer with
numerous openings, obscuring the internal skeletal structure,
while the other specimens show well-defined hexactins and
diactins. These two modes of preservation had already been
identified by Rigby (1986) in the original description of the
genus Teganiella heathi; however, the majority of the Rigby

Figure 6. Paratype of Teganiella finksi n. sp., AMNH 84174. (1) Well-defined sponge with external layer preserved and isolate spicules imbibed. It is also possible
to observe the dermal and gastral layer; (2) details of the spicules imbibed on the layer; (3) details of the triaxon hexactin and diactins. (1) Scale bar = 1 mm; (2, 3) scale
bars = 200 µm. Red arrows = hexactins; green arrow = possible gastral layer; blue arrow = diactins.

Figure 7. Teganiella finksi n. sp. (1) Paratype AMNH 84177, rounded specimen with isolated hexactin in the lower portion. (2) Reconstruction of Teganiella finksi
n. sp., marking the osculum absence, the random porous presence, hexactins, stauractins, and diactins. Scale bar = 1 mm.
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(1986) specimens werewell defined, with spicules and oscula on
the upper edge. The occurrence of two patterns of preservation
shared by the species in distinct paleoecologic settings can be
only a taphonomic bias related to a regional factor. The
skeleton patterns obscured by an oxide film in dysaerobic
conditions are normally related to the preservation of pyritized
soft tissues and spicules. At least until now, no soft tissues
have been recognized in any species. No taphonomic
information is provided by Rigby and Mehl (1994) in the
description of Teganiella ovata.

Energy-dispersive X-ray spectroscopy.—Figures 8 and 9 show
EDS spectra recorded from Teganiella finksi n. sp. from seven
distinct samples, which are mainly enriched in zinc (Zn),
oxygen (O), silica (Si), aluminum (Al), and sulfur (S). The
sponge body and spicules are mainly composed of
aluminosilicates. However, in most cases, the spicules were
diagenetically transformed into ZnS (sphalerite). Zn and other
elements, such as molybdenum (Mo), chromium (Cr),
vanadium (V), nickel (Ni), and copper (Cu), occur in high

concentrations (>1,000 ppm) in Mecca Shale (see Zangerl and
Richardson, 1963). Sphalerite replacement of spicules has not
been described, and combined with others, heavy metals can
corroborate the shoreline lagoon with marine influence (e.g.,
Coveney and Martin, 1983; Wilkin and Barnes, 1997). The
presence of ZnS is common in shale-hosted massive sulfide
deposits (see Magnall et al., 2016). In a particular sample, the
presence of BaSO4 (barite) was detected, a curious fact
because it may register the biochemical activities of the
sponge (see Ilan et al., 2004; Keren et al., 2017). However,
considering the chemically unusual sediment of Mecca Shale,
we believe that it is only a taphonomic artifact.

Remarks.—The genus Teganiella comprises two species:
Teganiella heathi Rigby, 1986 (type species, from early
Pennsylvanian [Bashkirian], Heath Formation, Montana) and
Teganiella ovata Rigby and Mehl, 1994 (from Middle
Devonian, Red Hills [RH], Nevada). These two species are
small, globular, or egg shaped with a skeletal net composed of
thin, delicate hexactins or hexactine-derived spicules (as

Figure 8. (1, 2) Environmental scanning electron microscope (ESEM) photomicrographs. (3–5) Energy-dispersive X-ray spectroscopy (EDS) spectra showing the
elemental composition of the spicules (spectra 25) and sponge body (spectra 24 and 30). Scales bars = 100 µm.
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stauractins). Long rays, possible rhabdodiactins, and small pores
are also presented. According to Rigby and Mehl (1994),
Teganiella ovata has root tufts; however, the specimens
vertically and diagonally flattened do not show such a structure.
Teganiella heathi is up to 18 mm across with a skeletal net
formed by thin hexactins (rays 0.8–1 mm long) and small pores
of 0.3–0.7 mm in diameter, while Teganiella ovata is 23 mm
high and 16 mm wide with a skeleton of hexactin or
hexactin-derived spicules (stauractin; rays 0.4–0.5 mm) and the
wall perforated by small pores (0.3–0.4 mm in diameter).
Teganiella finksi n. sp. differs from Teganiella heathi and
Teganiella ovata in size range of the overall body (from 11 to
36 mm high and 8 to 25 mm wide), in length of hexactin rays
(0.1–0.2 mm), and in diameter of dermal openings (0.05–
0.07 mm). Rigby and Bitter (2005) reported the occurrence of
reticulosan sponges and unknown fossils assigned as Form A
from the Pennsylvanian black shale in Court Creek, Illinois.
These unknown specimens, 8–9 mm in diameter, were flattened,
with an outer skeletal layer with irregularly placed ostia. Rigby
and Bitter (2005) described them as a possible sponge with finer
inhalant and coarser exhalant openings; however, due to
uncertainty (e.g., lack of spicules), the researchers were
prevented from ratifying the specimens as sponges. Considering
the reported characteristics, even without the spicules preserved,
we suggest that the sponge-like Form A described by Rigby and
Bitter (2005) from Knox County may also be Teganiella finksi
n. sp., though poorly preserved. This finding may also
contribute to the possible consideration of Pennsylvanian black
shale in Court Creek, Illinois, as an extension of Mecca Quarry
Shale because its fossil content is similar, for example, the
presence of conodont Gondolella pohli von Bitter and Merril
(1998) and Teganiella finksi n. sp.

Discussion

Paleoecology.—The history of the genus Teganiella, which is
now composed of three species, began during the Givetian
(Middle Devonian, Denay Limestone Formation; Fig. 10),
followed by Serpukhovian (Mississippian, Heath Formation);
the species described here is from the Middle Pennsylvanian
Mecca Shale and possibly from the Pennsylvanian black shale
in Court Creek, Illinois. All species of Teganiella can be
defined as parautochthonous because they did not show any
signs of significant transportation. The specimens described
here are moderately preserved without osculum, a root tuft, or
a clear spicule pattern.

The oldest species, Teganiella ovata (Fig. 10), was identi-
fied by Rigby and Mehl (1994) in the Middle Devonian dolo-
mitic lime mudstone in Red Hills (RH), Nevada. According to
Schultze (2010), the RH comprises unusual Middle Devonian
fauna with fishes, sponges, conulariids, bivalves, ammonoids,
brachiopods, and echinoderms. This fauna lived in shallow,
open marine water with a high terrestrial contribution located
approximately 28°S latitude under arid climatic conditions (Sco-
tese, 2001). After fishes, sponges are the most common fossil,
comprising sixteen different forms. Among these forms, speci-
mens from the family Hintzespongiidae Finks, 1983 (Cyatho-
phycus simpsonenis Rigby and Mehl, 1994) and Teganiidae
(Bulbospongia sp., Rufuspongia sp., and Taleolaspongia)
occur associated with Teganiella ovata (see Rigby and Mehl,
1994). According to the latter authors, Teganiella ovata speci-
mens were preserved flattened as complete individuals, isolated
or arranged in pairs, concordant to bed plane. As with fishes and
conulariids, the sponges were substituted by hematite. Schultze
(2010) suggested the presence of dysaerobic conditions, perhaps

Figure 9. Elemental composition map of Teganiella finksi n. sp. (sample AMNH 84179), showing a predominance of aluminum and silica. (1) Scale bar = 500 µm;
(2–7) scale bars = 800 µm.

Journal of Paleontology 93(5):827–838834

https://doi.org/10.1017/jpa.2019.7 Published online by Cambridge University Press

https://doi.org/10.1017/jpa.2019.7


hypersaline conditions, and rapid burial during the preservation
process at RH. He also believed that the sponges preserved there
were endemic at the species and/or genus level.

The first recognized teganiellid spongewas the LateMissis-
sippian Teganiella heathi (Fig. 10) described by Rigby (1986)
from the Serpukhovian Bear Gulch (BG) limestones of the
Heath Formation, Montana. The Bear Gulch Lagerstätte pre-
serves a highly productive tropical marine bay that was depos-
ited at approximately 12°N latitude and experienced
monsoonal climatic conditions (Witzke, 1990; Grogan and
Lund, 2002; Lund et al., 2012). The paleoenvironment assigned
to this formation consisted of shallow marine and brackish water
shales and limestone lenses of less turbid or deeper water
(Grogan and Lund, 2002). Considering the detailed work of
Grogan and Lund (2002), the benthic habitat at BG was not
permanently anoxic, and repeated events may have caused
death by asphyxiation and rapid burial. The authors noted that
paleoclimatic conditions and paleocirculation at Bear Gulch
Bay indicated moments of hypersalinity linked to an arid climate
regime and freshwater influx. The fossil content at BG
comprises a diverse biota of invertebrates, vertebrates, and
algae. Among the invertebrates, the sponge Teganiella heathi
was found as an agglomerate of complete sponges concordant
to the bedding plane and sometimes with the root tuft
preserved (Rigby, 1986) and was associated with other sponges,
such as Ursaspongia tulipa Finks and Rigby, 2004 and
Dictyospongiinae.

The latest discovery, Teganiella finksi n. sp., has been found
in Mecca Shale (Middle Pennsylvanian) in Indiana. These
sponges inhabited shoreline lagoons with marine influence
located approximately 12°S latitude under a tropical climate
regime. No primary evidence of hypersaline conditions has
been observed. The sponges are rare, normally isolated, and pre-
served concordantly to the bedding plane at levels B and D. The
MQ has a great fossil content of marine or brackish water ani-
mals, comprising invertebrates (such as cephalopods, orbiculoid
brachiopods, oligochaete worms, and bivalves), vertebrates
(sharks, conodonts, and palaeoniscoids), and plants (Zangerl
and Richardson, 1963; Fig. 10). Unlike the other Teganiella

species, Teganiella finksi n. sp. occurs alone, with no other asso-
ciated sponges. Combining the data of Zangerl and Richardson
(1963) with the associated spicules and EDS analyzed here, we
can conclude that Teganiella finksi n. sp. were buried in an
oxygen-deficient, probably anoxic, microenvironment.

Considering the environmental context of the three species
and their paleoecological features, even with three occurrences,
we can deduce that Teganiella occupied shallow water limited to
quiet water facies, showing a trend toward more restricted envir-
onmental conditions over time. There are many potential
mechanisms that might lead sponges to migrate to more
closed-inlet conditions, such as hydrodynamic effects, predator
distributions, or a specific habitat requirement. If we ponder the
heavy metal composition of the MQ, we can imagine a specific
nutrient composition. However, we cannot rule out any other
factors.

Paleobiogeography.—Before identifying paleobiogeographic
patterns or the distribution of specific sponge groups, it is
necessary that we keep in mind three key factors: their
incapability of movement, their quick larval settlement, and
the discontinuity of fossil records. Considering these
characteristics, the paleogeographic distribution of each
species of Teganiella, and their similar characteristics, we
conclude that the genus remained associated with
periequatorial conditions (temperature dependent) under arid
climates and lived in somewhat different paleoenvironments
with localized factors, such as hypersaline periods, and they
represent an endemic genus for Laurentia.

During the time of Teganiella’s appearance, the North
American Plate was moving to the north (Scotese, 2001;
Wicander and Monroe, 2012). The oldest species appeared at
28°S latitude. Then a new species reappeared after the Frasnian-
Fammenian mass extinction under favorable paleoenviron-
mental conditions in the paleoequatorial area of Laurentia at
12°N latitude. From the Mississippian to Pennsylvanian
(approximately 12°N to 12°S), the tectonic movements are
reduced, and the distribution could be due to possible eastern
paleocurrents (Fig. 11).

Figure 10. Teganiella species and their distinct preservation. (1) Teganiella ovataRigby andMehl (1994); (2) Teganiella heathiRigby (1986); (3) Teganiella finksi
n. sp. Photographs 1 and 2 are courtesy of Mark Florence and Kallie Moore, respectively. Scale bars = 1 cm.
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Conclusions

The discovery of a new species from the Middle Pennsylvanian
from Mecca, Indiana, provides insight into the chronological
extension of the Teganiella, an endemic genus of Laurentia.
Compared with the associated fauna, the poriferan occurrence
at the MQ is considered rare. The characters identified and cur-
rent taxonomy of the Porifera phylum do not allow us to desig-
nate a class due to the homoplasic possibility of spicule
development and lack of microscleres.

However, the morphological characters (body and spicule
measures) and taphonomic similarity allow us to classify a
genus level. In addition, the paleogeographical context for this

new finding shows a low-latitude setting, with a notable scarcity
of these reticulosan sponges recorded to date in the Pennsylva-
nian Basin of the United States. Teganiella finksi n. sp. is the
least widespread genus throughout its stratigraphic range.

Acknowledgments

This work had financial support from the Programa de Formação
em Recursos Humanos em Geologia da Petrobras (PFRH-PB
240), Conselho Nacional de Desenvolvimento Científico e Tec-
nológico (CNPq), Collection Grant (AMNH), and 1219 fund.
We are thankful for the support of the American Museum of
Natural History (AMNH, New York) and the Field Museum

Figure 11. Paleogeographic map of the Teganiella genus distribution through Givetian, Serpukhovian, and Moscovian. (1, 2) Teganiella ovata Rigby and Mehl
(1994); (3, 4) Teganiella heathi Rigby (1986); (5, 6) Teganiella finksi n. sp. It is possible to observe the paleoequatorial distribution of the genus and the paleogeo-
graphic distribution of the land masses. The map was based on the Paleomap Paleoatlas Project (Scotese, 2016) using Gplates.

Journal of Paleontology 93(5):827–838836

https://doi.org/10.1017/jpa.2019.7 Published online by Cambridge University Press

https://doi.org/10.1017/jpa.2019.7


(Chicago), especially to B. Hussaini, M. Hopkins, N. Landmann,
and P.Mayer, for letting us analyze and study the sponge samples.
We also thank the Universidade Federal do Rio de Janeiro (UFRJ)
and Universidade Federal de Santa Catarina for their help during
all work phases. P. Mayer (Field Museum), E. Zeiger (Field
Museum), and M. Zatoń (University of Silesia) kindly improved
the language of the text, which is greatly acknowledged.We thank
M. Florence, K. Moore, C. S. Silva, and D.R. Briske for the pic-
tures provided for this article. We thank N.P. Gauer for the EDS
analyses. The article benefited from constructive reviews of two
journal referees.

References

Bond, C., 1992, Continuous cell movements rearrange anatomical structures in
intact sponges: Journal of Experimental Zoology, v. 263, p. 284–302.

Botting, J.P., and Muir, L.A., 2013, Spicule structure and affinities of the Late
Ordovician hexactinellid-like sponge Cyathophycus loydelli (Llanfawr
Mudstones Lagerstätte, Wales): Lethaia, v. 46, p. 454–469.

Botting, J.P., Yuandong Zhang, and Muir, L.A., 2017, Discovery of missing
link between demosponges and hexactinellids confirms palaeontological
model of sponge evolution: Scientific Reports, v. 7, 5286, doi:10.1038/
s41598-017-05604-6.

Burger, A.M., and Wier, C.E., 1970, Carbondale Group, in Shaver, R.H. et al.,
eds., Compendium of Rock-Unit Stratigraphy in Indiana: Indiana Geo-
logical Survey Bulletin 43, p. 32–33.

Burger, A.M., and Wier, C.E., 1986, Carbondale Group, in Shaver, R.H. et al.,
eds., Compendium of Paleozoic Rock-Unit Stratigraphy in Indiana—A revi-
sion: Indiana Geological Survey Bulletin 59, p. 27.

Carballo, J.L., and Bell, J.J., 2017, Climate change and sponges: An Introduc-
tion, in Carballo, J.L., and Bell, J.J., eds, Climate Change, Ocean Acidifica-
tion and Sponges: Springer, v. 1, p. 1–13.

Carrera, M.G., and Rigby, J.K., 1999, Biogeography of Ordovician sponges:
Journal of Paleontology, v. 73, p. 26–37.

Coveney, R.M., 1977, Spharelite enrichments in Kansas City Group shales:
Geological Society of America, Abstracts with Programs, v. 79, no. 7,
p. 938.

Coveney, R.M., Jr., and Martin, S.P., 1983, Molybdenum and other heavy
metals of the Mecca Quarry and Logan Quarry shales: Economic Geology,
v. 78, p. 132–149.

De Geoeij, J.M., Moodley, L., Houtekamer, M., Carballeira, N.M., and van
Duyl, F.C., 2008, Tracing C-13-enriched dissolved and particulate organic
carbon in the bacteria containing coral reef sponge Halisarca caerulea: evi-
dence for DOM feeding: Limnology and Oceanography, v. 53, p. 1376–
1386.

de Laubenfels, M.W., 1955, Porifera, in Moore, R.C., ed., Treatise on Inverte-
brate Paleontology, Part E, Archaeocyatha and Porifera: Boulder, Colorado,
and Lawrence, Kansas, Geological Society of America and University of
Kansas Press, p. E21–E112.

Delecat, S., Arp, G., and Reitner, J., 2011, Aftermath of the Triassic-Jurassic
boundary crisis: Spiculite formation on drowned Triassic Steinplatte reef-
slope by communities of hexactinellid sponges (Northern Calcareous
Alps, Austria), in Reitner, J., Queric, N.V., and Arp, G., eds., Advances
in Stromatolite Geobiology: Berlin, Springer, p. 355–390.

Evans, J.K., 1967, Depositional environment of a Pennsylvanian black shale
(Heebner) in Kansas and adjacent shales [PhD thesis]: Houston, Rice Uni-
versity, 162 p.

Finks, R.M., 1983, Fossil Hexactinellida, in Broadhead, T.W., ed., Sponges and
Spongiomorphs: Notes for a Short Course: Knoxville, University of Tennes-
see, p. 101–115.

Finks, R.M., and Rigby, J.K., 2004, Paleozoic hexactinellid sponges, in
Kaessler, R.L., ed., Treatise on Invertebrate Paleontology, Part E, Porifera
(revised), Volume 3: Boulder, Colorado, and Lawrence, Kansas, Geological
Society of America and University of Kansas Press, p. 319–448.

Grant, R.E., 1836, Animal Kingdom, in Todd, R.B., ed., The Cyclopaedia of
Anatomy and Physiology, Volume 1: London, Longmans, Green, p. 1–813.

Grogan, E.D., and Lund, R., 2002, The geological and biological environment
of the Bear Gulch Limestone (Mississippian of Montana, USA) and a model
for its deposition: Geodiversitas, v. 24, p. 295–315.

Heckel, P.H., 1977, Origin of phosphatic black shale facies in Pennsylvanian
cyclothems of mid-continent North America: AAPG Bulletin, v. 61,
p. 1045–1068.

Ilan, M., Gugel, J., and Van Soest, R.W.M., 2004, Taxonomy, reproduction and
ecology of new and known Red Sea sponges: Sarsia, v. 89, p. 388–410.

Jiménez, E., and Ribes, M., 2007, Sponge as a source of dissolved inorganic
nitrogen: Nitrification mediated by temperate sponge: Limnology and
Oceanography, v. 52, p. 948–958.

Keren, R., Mayzel, B., Lavy, A., Polishchuk, I., Levy, D., Fakra, S.C.,
Pokroy, B., and Ilan, M., 2017, Sponge-associated bacteria mineralize
arsenic and barium on intracellular vesicles: Nature Communications,
v. 8, 14393, doi:10.1038/ncomms14393.

Li, L., Feng, H., Janussen, D., and Reitner, J., 2015, Unusual deep water sponge
assemblage in South China—Witness of the end-Ordovician mass extinc-
tion: Scientific Reports, v. 5, 16060, doi:10.1038/serp16060.

Lund, R., Greenfest-Allen, E., and Grogan, E.D., 2012, Habitat and diversity of
the Bear Gulch Fish: Life in a 318 million year old marine Mississippian
bay: Palaeogeography, Palaeoclimatology, Palaeoecology, v. 342–343,
p. 1–16.

Magnall, J.M., Gleeson, S.A., Stern, R.A., Newton, R.J., Poulton, S.W., and
Paradis, S., 2016, Open system sulphate reduction in a diagenetic environ-
ment—Isotopic analysis of barite (δ34S and δ18O) and pyrite (δ34S) from the
Tom and Jason Late Devonian Zn–Pb–Ba deposits, Selwyn Basin, Canada:
Geochimica et Cosmochimica Acta, v. 180, p. 146–163.

Mohamed, N.M., Saito, K., Tal, Y., and Hill, R.T., 2010, Diversity of aerobic
and anaerobic ammonia-oxidizing bacteria in marine sponges: The ISME
Journal, v. 4, p. 38–48.

Muir, L.C., Botting, J.P., Carrera, M., and Beresi, M.S., 2013, Cambrian, Ordo-
vician and Silurian non-stromatoporoid porifera, in Harper, D.A.T., and
Servais, T., eds., Early Palaeozoic Biogeography and Palaeogeography:
Geological Society of London Memoir, v. 38, p. 81–95.

Muir, L.C., Botting, J.P., and Beresi, M.S., 2017, Lessons from the past:
Sponges and the geological record, in Carballo, J.L., and Bell, J.J., eds.,
Climate Change, Ocean Acidification and Sponges, Volume 1: Cham,
Switzerland, Springer, p. 13–47.

Reid, R.H., 1958, Remarks on the Upper Cretaceous hexactinellida of County
Antrim: The Irish Naturalists Journal, v. 12, p. 236–268.

Rigby, K.J., 1986, The sponge fauna from theMississippian Heath Formation of
Central Montana, in Dutro, J.T., and Pfeffertkorn, H.W., eds., Proceedings
of the 9th International Congress on Carboniferous Stratigraphy and Geol-
ogy, Paleontology, Paleoecology, Paleogeography: Compte Rendu, v. 5,
p. 443–456.

Rigby, J.K., and Bitter, P.V., 2005, Sponges and associated fossils from the
Pennsylvanian Carbondale Formation of northwestern Illinois: Journal of
Paleontology, v. 79, p. 460–468.

Rigby, J.K., and Chatterton, B.D.E., 1989, Middle Silurian Ludlovian and
Wendlockian sponges from Baillie-Hamilton and Cornwallis Islands,
Arctic Canada: Geological Survey of Canada Bulletin, v. 391, p. 1–69.

Rigby, J.K., and Mehl, D., 1994, Middle Devonian Sponges from the Northern
Simpson Park Range, Nevada: BrighamYoungUniversity Geological Stud-
ies, no. 40, p. 111–153.

Rigby, J.K., and Webby, B.D., 1988, Late Ordovician sponges from the Malon-
gulli Formation of central New South Wales, Australia: Palaeontographica
Americana, v. 56, p. 1–147.

Ritterbusch, K.A., Bottjer, D.J., Corsetti, F.A., and Rosas, S., 2014, New evi-
dence on the role of siliceous sponges in ecology and sedimentary facies
development in Eastern Panthalassa following the Triassic-Jurassic mass
extinction: Palaios, v. 29, p. 652–668.

Ritterbusch, K.A., Rosas, S., Corsetti, F.A., Bottjer, D.J, and West, A.J.,
2015, Andean sponges reveal long-term benthic ecosystem shifts follow-
ing the end-Triassic mass extinction: Paleogeography, Palaeoclimatology,
Palaeoecology, v. 420, p. 193–209.

Schultze, H.P., 2010, The late Middle Devonian fauna of Red Hill I, Nevada,
and its paleobiogeographic implications: Fossil Record, v. 13, p. 285–295.

Scotese, C.R., 2001, Atlas of Earth History, Volume 1, Palaeogeography:
Arlington, Texas, PALEOMAP Project, 52 p.

Scotese, C.R., 2016, PALEOMAP PaleoAtlas for Gplates and the Paleo-
data Plotter Program: PALEOMAP Project, http://www.earthbyte.org/
paleomap-paleoatlas-for-gplates, doi:10.13140/RG.2.2.34367.00166.

Vine, J.D., 1966, Element distribution in some shelf and eugeosynclinal black
shales: U.S. Geological Survey Bulletin, v. 1214-E, p. 31.

von Bitter, P.H., and Merrill, G.K., 1998, Apparatus composition and structure
of the Pennsylvanian conodont genus Gondolella based on assemblages
from the Desmoinesian of northwestern Illinois, U.S.A.: Journal of Paleon-
tology, v. 72, p. 112–132.

Wanless, H.R., and Wright, C.R., 1978, Paleoenvironmental Maps of Pennsyl-
vanian Rocks, Illinois Basin and Northern Midcontinent Region: Boulder,
Geological Society of America Special Publication MC-23, 30 p.

Webby, B.D., 1980, Biogeography of Ordovician stromatoporoids: Palaeogeog-
raphy, Palaeoclimatology and Palaeoecology, v. 32, p. 1–19.

White, D., 1898, Fossil flora of the Lower Coal Measures of Missouri: Mono-
graphs of the United States Geological Survey, v. 37, p. 1–467.

Wicander, R., and Monroe, J.S., 2012, Historical Geology, Volume 7: Boston,
Cengage Learning, 448 p.

Mouro et al.—Paleoequatorial endemic sponge from the United States 837

https://doi.org/10.1017/jpa.2019.7 Published online by Cambridge University Press

http://www.earthbyte.org/paleomap-paleoatlas-for-gplates
http://www.earthbyte.org/paleomap-paleoatlas-for-gplates
http://www.earthbyte.org/paleomap-paleoatlas-for-gplates
https://doi.org/10.1017/jpa.2019.7


Wier, C.E., 1950, Geology and mineral resources of the Jasonville quadrangle
[MS thesis]: Bloomington, Indiana University, 84 p.

Wier, C.E., 1965, Stratigraphy of the Middle and Upper Pennsylvanian rocks in
southwestern Indiana: Indiana Geological Survey Memorandum Report
C-131, 194 p.

Wilkin, R.T., and Barnes, H.L., 1997, Formation processes of framboidal pyrite:
Geochimica et Cosmochimica Acta, v. 61, 323–339.

Witzke, B.J., 1990, Palaeoclimatic constraints for Palaeozoic palaeolatitudes of
Laurentia and Euamerica, in McKerrow, W.S., and Scotese, C.R., eds.,
Palaeozoic Palaeogeography and Biogeography: Geological Society of
London Memoir, v. 12, p. 57–73.

Woodland, B.G., 1963, Chemical, spectrographic, and mineralogical analyses
of Mecca and Logan Quarry shales, in Zangerl, R., and Richardson, E.S.,
Jr., The paleoecological history of two Pennsylvanian black shales: Fieldi-
ana Geology Memoirs, v. 4, p. 95–100.

Zangerl, R., and Richardson, E.S., Jr., 1963, The paleoecological history
of two Pennsylvanian black shales: Fieldiana Geology Memoirs, v. 4,
1–352.

Accepted: 21 January 2019

Journal of Paleontology 93(5):827–838838

https://doi.org/10.1017/jpa.2019.7 Published online by Cambridge University Press

https://doi.org/10.1017/jpa.2019.7

	Pennsylvanian sponge from the Mecca Quarry Shale, Carbondale Group (Indiana, USA) and the paleobiogeographic distribution of Teganiella in the paleoequatorial region of Laurentia
	Introduction
	Geologic setting
	Materials and methods
	Repository and institutional abbreviation

	Systematic paleontology
	Phylum Porifera Grant, 1836  Class uncertain  &lsquo;Reticulosa&rsquo; sensu Botting and Muir, 2013
	Remarks

	Family Teganiidae de Laubenfels, 1955  Genus Teganiella Rigby, 1986
	Type species

	Teganiella finksi new species 
Figures 3--7
	Holotype
	Diagnosis
	Occurrence
	Description
	Etymology
	Taphonomy
	Energy-dispersive X-ray spectroscopy
	Remarks

	Discussion
	Paleoecology
	Paleobiogeography

	Conclusions
	Acknowledgments
	References


