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ABSTRACT—We report the oldest fossil occurrence of freshwater potamolepid sponges (Demospongiae, Spongillina,
Potamolepidae) to date, originating from middle Eocene lake sediments accumulated in the Giraffe kimberlite maar,
northern Canada. Sponges are represented by strongyle spicules that are gemmuloscleres. These are described herein as
belonging to a new species, Potamophloios canadensis. Because the most similar extant potamolepid sponges inhabit
subtropical to tropical water bodies, these observations provide further evidence of biogeographic reorganizations in
response to warm high-latitude Eocene paleoclimates.

INTRODUCTION

MOST OF the over 8,000 living species of sponges are marine
(Hooper and Van Soest, 2002), augmented by a large

number of fossil taxa (Hooper et al., 2011). In contrast, there are
only about 200 species of freshwater sponges, attributed to six
families and 45 genera, all of which belong to the class
Demospongiae (Manconi and Pronzato, 2008). Only 18 species
are known from freshwater habitats in Europe (Pronzato and
Manconi, 2001), whereas modern North American freshwater
sponges are represented by 27 species in 11 genera (Frost et al.,
2001). The highest diversity of freshwater sponges is found in
the Neotropics, especially in South and Central America and the
Caribbean, with 56 species in 21 genera (Manconi and Pronzato,
2008). The diversity of freshwater sponges is probably
underestimated in many regions due to a paucity of studies, as
testified by the number of new taxa revealed from regions that
were thought to have been thoroughly investigated (Manconi
and Pronzato, 2005; Volkmer-Ribeiro et al., 2009, 2010;
Nicacio et al., 2011; Ruengsawang et al., 2012).

Marine demosponges appear in the Neoproterozoic (i.e., 555–
600 Ma, Reitner and Woerheide, 2002) and have a relatively
continuous fossil record since the Cambrian (Pisera, 2006;
Hooper et al., 2011 and references therein). In contrast, the
fossil record of freshwater sponges consists of only a few genera
and species from shorter and often isolated time-slices separated
by lengthy barren intervals (Pisera and Saez, 2003). The oldest
freshwater sponges, reported from Permo-Carboniferous lake
deposits in Europe (Schindler et al., 2008), are represented by
simple oxeas forming spiculites. A similar type of preservation
is associated with the Late Jurassic freshwater sponge
Eospongilla morrisonensis from the western U.S. (Dunagan,
1999).

The earliest record of well preserved freshwater sponges
includes intact gemmules (resting bodies) from the Lower
Cretaceous of South America (Ott and Volkheimer, 1972;
Volkmer-Ribeiro and Reitner, 1991). The Paleogene record of
freshwater sponges is better represented with findings from
several continents (see Pisera and Saez, 2003 and references
therein). Eocene freshwater sponges, in particular, are relatively
well documented from European sites including the famous
Messel oil shales (Müller et al., 1982; Richter and Wuttke, 1995,

1999), and the Eckfeld maar (Gruber, 1994). The former locality
has yielded a range of new taxa, including Ephydatia
guttenbergiana (Müller et al., 1982) and Lutetiospongilla heili
(Richter and Wuttke, 1999). Additionally, the species Ephydatia
kaiseri (gemmulae observed in thin section) has been described
from the ‘‘prämitteleozäne’’ of South Africa (Rauff, 1926;
Arndt, 1936).

Today, freshwater sponges are found on all continents except
Antarctica and occur in an extremely wide range of habitats
(Manconi and Pronzato, 2002, 2008). Some species have
apparent cosmopolitan distributions, but there are equally as
many endemic forms restricted to ancient freshwater bodies,
such as Lake Baikal and lakes of the East African rift (Manconi
and Pronzato, 2002, 2008; Meixner et al., 2007). In this paper,
we report the first occurrence of a fresh-water siliceous
potamolepid demosponge from the middle Eocene, and describe
it as a new species. These microfossils provide new constraints
on the evolution of this sponge lineage by extending their
geological range considerably, and furthermore provide ancil-
lary paleoecological evidence for the character of high-latitude
lake ecosystems under equable climatic conditions.

GEOLOGICAL SETTING

The Giraffe fossil locality (Nowicki et al., 2004; Wolfe et al.,
2006; Siver and Wolfe, 2009; Doria et al., 2011) comprises an
organic sediment sequence that accumulated post-eruptively in a
kimberlite diatreme having intruded the Slave Craton of the
Canadian Shield 47.861.4 Ma (Fig. 1). Immediately following
kimberlite phreatomagmatism, a water body formed in the
crater, and limnic sediments began to accumulate. It is difficult
to estimate the dimensions of the lake, but comparisons to
similar kimberlites on the Ekati diamond property suggest a
diameter between 100 and 200 m. There is no evidence of
multiple phreatomagmatic events. Approximately 50 m of
lacustrine sediment (laminated shales and massive organic
mudstones with occasional presence of nodular opal-A)
comprise the lower maar facies, which is succeeded by
terrestrial sediments dominated by Metasequoia (Coniferae,
Cupressaceae) foliage and wood. Two calc-alkaline airfall
tephra layers occur at the transition between lacustrine and
terrestrial sedimentation. These ashes have been dated by
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fission-track analysis, yielding concordant dates that produce a
weighted mean of 37.84 61.99 Ma (Doria et al., 2011). This
implies that the entire lacustrine sequence is middle Eocene
(Lutetian Stage) in age. Due to the thermal and tectonic stability
of the locality, diagenetic alteration of fossil material is
minimal, and accordingly all organism groups investigated thus
far display outstanding preservation (Wolfe et al., 2006; Siver
and Wolfe, 2009; Siver et al., 2010).

MATERIAL AND METHODS

The investigated material originates from a drill-core obtained
in 1999 by BHP Billiton Diamonds Inc. during diamond
exploration. The core was collared at 478 but depths reported
here have been converted to their vertical equivalents (Fig. 1).
The present study is based on isolated spicules obtained from
sediment samples (~200 mg) following treatment with 30%
H2O2, repeated washings with deionized water, and final
suspension in reagent grade propanol (isopropyl alcohol).
Resulting suspensions were dried onto a microscope cover
glass, attached with carbon glue to an SEM stub, sputter coated
with platinum, and examined with a Phillips XL20 SEM
(Institute of Paleobiology, Warsaw) at magnifications from
3100 to 35,000 and a voltage of 25 kV. Among the 48 examined
samples, those from the interval 97.39 m in the core (71.23 m
vertical equivalent depth) to 153.30 m in the core (112.12 m
vertical depth) revealed abundant sponge spicules. The inves-
tigated material is curated in the collection of the Institute of
Paleobiology, Polish Academy of Sciences, Warszawa, Poland,
under the accession number ZPAL Pf. 23.

RESULTS

In a general sense, most of the samples rich in sponge spicules
also contain diverse diatom (Bacillariophyceae), chrysophyte

(Chrysophyceae and Synurophyceae) and euglyphid (Euglyphi-
dae, Rhizaria) assemblages, many of which retain pronounced
affinities with modern taxa (Siver and Wolfe, 2005, 2009).
Numerous morphotypes of birotule and non-birotule gemmulo-
scleres (spicules forming an armour of the resting bodies), as
well as microscleres, were recognized, together representing a
highly diversified assemblage of freshwater sponges.

The identification of freshwater sponges, as is the case with
other siliceous sponge groups, is based on the character and
organization of spicules, including megascleres, microscleres
and gemmuloscleres. Megascleres are similar in many species of
freshwater sponges, however gemmuloscleres are highly diag-
nostic at the species level, and isolated specimens can be used to
identify specific taxa in a fossil sample even if the whole sponge
is not preserved.

The Giraffe material contains a rich diversity of freshwater
sponges with 14 or more species documented to date (Pisera et
al., 2008; Pisera, 2010). The majority belongs to the family
Spongillidae Gray 1867, including the cosmopolitan genus
Ephydatia, and will be described in detail elsewhere. The
present paper focuses on remains of spicules representing the
family Potamolepidae Brien 1967 (Figs. 2, 3), including the
description of a new species.

SYSTEMATIC PALEONTOLOGY

Class DEMOSPONGIAE Sollas, 1885
Family POTAMOLEPIDAE Brien, 1967
Genus POTAMOPHLOIOS Brien, 1970

Type species.—Potamolepis stendelli Jaffe, 1916.
Diagnosis.—After Manconi and Pronzato (2002), Potamolepi-

dae with large body size (50–15 cm) ranging from encrusting to
massive and lobate. Color from gray to dark gray. Consistency

FIGURE 1—Location map and stratigraphy of the Giraffe fossil locality. 1, location; 2, schematic stratigraphy; 3, lithostratigraphy and potamolepid sponges
occurrences. The width of the vertical bar indicates the relative abundance of sponge spicules.
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hard. Surface irregular with conules. Ectosomal skeleton with

tangential small oxeas. Choanosomal skeleton dense alveolate

with a more open network in the basal portion. Megascleres stout

smooth strongyles with inflated ends but also more slender

strongyles are present. Microscleres oxeas as dermal spicules.

Gemmules single or grouped, from subspherical to oval or

hemispherical when strictly adhered to the substratum. Foramen

primitive with a simple inconspicuous concavity. Theca mono-

layered of compact spongin. Gemmuloscleres smooth to spined,

elongated to oval strongyles.

POTAMOPHLOIOS CANADENSIS new species

Figures 2, 3

Diagnosis.—Patomophloios characterized by gemmuloscleres
that are smooth strongyles of small and highly variable shape and
size, often bent, curved or irregular.

Description.—Material studied includes loose spicules on SEM
stubs (ZPAL Pf.23/A105, A395).The spicules are smooth, thick,
strongyles with highly variable dimensions (Figs. 2, 3). Spicules
are often curved, bent, or otherwise slightly irregular. Many
specimens have inflated tips. Their size range is from 7.90–30.9
lm long 33.12–5.0 lm wide (Figs. 2, 3). We recognize, however,

FIGURE 2—Patomophloios canadensis n. sp., type material from 110.83 m depth in the Giraffe core, ZPAL Pf. 23/A395. Gemmulosclere strongyles.
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that similar large size differences also characterize modern
potamolepid sponges (Manconi and Pronzato, 2010; Volkmer-
Ribeiro et al., 2010). Microscleres are absent.

Etymology.—Referring to Canada, where the sponge was
found.

Type specimens.—The collection of specimens on SEM stub
A395 (collection number ZPAL Pf. 23/A395), here illustrated on
Figure 2.

Occurrence.—Middle Eocene (Lutetian) lake sediments, Gi-
raffe kimberlite maar, northern Canada, (648440 N, 1098450 W).

Remarks.—Highly variable abundances of spicules attributed
to potamolepid sponges were observed in the Giraffe Pipe core
from vertical depths between 112.12 m and 76.93 m. The greatest
concentrations occurred between 112.12 m and 101.10 m, and
again at 76.93 m, close to the transition from aquatic to terrestrial
environments, when the lake was shallowing.

Spicules of similar morphology to the smooth and thick
strongyles observed in the Giraffe material occur not only in the
family Potamolepidae, but also in other recent spongillids such as

the genus Corvospongilla Annandale, 1911 (Manconi and
Pronzato, 2004, 2009; Ruenswang et al., 2012). For example,
C. mesopotamica and C. thysii can have similar megascleres and
gemmuloscleres but these species also produce oxea megasclere
and microsclere spicules that were not observed in the Giraffe
samples containing numerous gemmular strongyles. The species
Corvospongilla siamensis Manconi and Ruengsawang (Ruengsa-
wang et al., 2012) described from Thailand has gemmuoscleres of
similar morphology but they are adorned with spines and never
have inflated ends. This species is also characterized by
micropseudobirotule microscleres.

Strongyles and oxea megascleres, which may represent
megascleres of newly described species, occur in some samples
higher up in the core. However, the sample from 110.83 m
contains numerous small strongyles, interpreted as gemmulos-
clers, and no other types of spicules. The fact that we observed
only gemmuloscleres, and not megasleres in this sample (the most
rich in the discussed spicules) may suggest selective transport of

FIGURE 3—Patomophloios canadensis n. sp. from 112.12 m depth in the Giraffe core, ZPAL Pf.23/A105. Gemmulosclere strongyles.
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various sponge components. On the other hand, the absence of
any microscleres that are of similar size suggests that the
investigated sponges lacked microscleres, which matches the
characteristics of Potamolepidae. In fact, even if microscleres that
belong to other genera occur in various samples higher up in the
core, none of them can be attributed to the genus Corvospongilla.
Thus, we conclude that the source organism was characterized by
strongyles as gemmuloscleres, with no microscleres, consistent
with our designation of a new species within the family
Potamolepidae. Due to the fact that possible megascleres of this
species occur in multispecific assemblage of spicules, their
unequivocal attribution to this new species is not currently
possible because similarly shaped megascleres may occur in other
genera. The strongyle spicules observed in this study are very
small, much more so than any observed in modern representatives
of the family. The small size is unlikely attributable to low
ambient silica concentrations, because the presence of primary
opal-A nodules and significant concentrations of other siliceous
microfossils suggest that silica concentrations were replete.
Lastly, in cases when the strongyles co-occur with other sponge
spicules, the latter show no evidence of size reduction. We
conclude that the investigated spicules belong to a species in the
genus Potamophloios (see Manconi and Pronzato, 2009;
Volkmer-Ribeiro et al., 2010), but as noted they are smaller
and always completely smooth compared to known species in the
genus. Taking into account the size differences and morpholog-
ical characters, as well as their Eocene age, we conclude that
these spicules belong to a new species of the genus Potamo-
phloios Brien, 1970, and not Corvospogilla Annandale, 1911.

DISCUSSION

To this point, the only known and therefore oldest fossil
potamolepid sponge is Oncosclera kaniensis from what are
likely early Miocene fluvial sediments from Japan (Matsuoka
and Masuda, 2000). This and other occurrences have been cited
as evidence for a Gondwanan origin of the family (Volkmer-
Ribeiro and Rosa-Barbosa, 1978; Volkmer-Ribeiro, 2007;
Erpenbeck et al., 2011). The findings reported here not only
refute this notion but also extend the fossil record of
Potamolepidae by approximately 20 million years, to at least
the middle Eocene.

At present, representatives of the Potamolepidae occur only in
Africa (four genera), the Neotropics (three genera), the Pacific
Oceanic Islands (one genus) (Manconi and Pronzato, 2002), and
Indochina (one genus) (Manconi et al., 2012). The family is thus
strongly restricted to tropical climate regimes, with no known
temperate, boreal, or polar occurrences (Manconi and Pronzato,
2002, 2009). The presence of potamolepid sponges near the
Arctic Circle in northern Canada during the middle Eocene
therefore confirms a near-tropical climate state during deposi-
tion of lake sediments in the Giraffe maar. This idea supports
previous findings based on remains of tropical chrysophytes and
diatoms (Siver and Wolfe, 2009) that co-occur with the
potamolepid sponge spicules in these sediments, collectively
indicating a warm, subtropical to tropical climate, with
markedly reduced seasonality and the absence of frost.

As is true of most freshwater sponges, living potamolepid
sponges are characteristic of lakes and rivers and require firm
substrates, such as rocks, wood fragments or plants, for
colonization (Frost et al., 2001; Manconi and Pronzato, 2002,
2009). Pinheiro (2007) reported that the potamolepid genera
Oncosclera, Sterrastolepis and Uruguaya from Brazil required
hard substrata, typically rock or concrete, and some Onclosclera
species may grow on bamboo sticks (Manconi et al., 2012). One
species, Oncosclera spinifera, inhabits very shallow (,20 cm

deep) water with temperature 308C and pH¼7. Numerous well-
preserved spicules have been uncovered from the Giraffe core,
but to date no whole intact gemmules have been found. Given
that gemmules have a relatively high preservation potential
(Pisera and Saez, 2003), it is possible that the sponges inhabited
the rocky walls of the crater margin rather than the sediment
surface itself, and that spicules were preferentially transported
to the soft sediment as disarticulated elements, facilitated by the
fact that the gemmular structure in potamolepids is based largely
on siliceous spicules while spongin is very scanty (R. Manconi,
personal commun.).

CONCLUSIONS

Middle Eocene lacustrine sediments from the Giraffe fossil
locality are rich in siliceous microfossils with remarkable
preservation, among them sponge spicules that we interpret as
gemmuloscleres referrable to the family Potamolepidae. Small
and smooth strongyles were found throughout much of the core,
with the highest concentrations near the top of the lacustrine
facies that captures shallowing of the limnic environment prior
to terrestrialization. Because modern potamolepid sponges have
pronounced tropical affinities, these observations offer yet
another bioindicator supporting the notion of biogeographic
reorganizations during the warm climatic conditions that
characterized northern Canada during the middle Eocene. This
discovery further extends the known age range of the family
Potomalepidae by ~20 Ma, which is directly relevant to better
constraining the phylogeny of freshwater sponges as a whole.
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