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Abstract: Two
amoebae are described from Late Albian age amber from

extraordinarily ~ well-preserved  testate
south-western France. The specimens are attributed to a
new family, the Hemiarcherellidae fam. nov., and are
described as Hemiarcherella christellae gen. et sp. nov. The
amoebae described herein originate from highly fossilifer-
ous amber pieces. Based on syninclusions, Hemiarcherella
christellae was a soil-dwelling organism, probably an active
bacterivore. This taxon represents the third species of tes-
French

tate amoebae described from mid-Cretaceous

amber. Analysis of this fossil amoeba fauna illustrates the

uniqueness of mid-Cretaceous French amber deposits.
Indeed, most amoebae found in amber have been assigned
to modern species, corroborating the hypothesis of mor-
phological stasis in different microbial lineages. However,
the well-preserved amoebae fauna found in French amber
can be distinguished clearly from modern species and help
us to better understand the fossil record of these organ-

isms.

Key words: amber, Late Albian, forest soil, Amoebae,
evolution.

AMOEBOID organisms are a group of protozoans, and
some of them (thecamoebians) are protected by an
organic or inorganic shell. Originally belonging to the sub-
phylum Sarcodina, they are now placed in the super-group
Amoebozoa of the new higher level classification of
eukaryotes as defined by Adl et al. (2005). Shells of testate
amoebae are rare in the fossil record. Porter and Knoll
(2000) and Porter et al. (2003) described the oldest amoe-
bae fauna (Neoproterozoic) from the Chuar Group
(Grand Canyon). Bosak ef al. (2011) recently reported
agglutinated tests of Arcellinida (with possible affinities
with modern family Heleoperidae, Plagiopyxidae and Dift-
lugidae). Isolated reports of Carboniferous and Permian
specimens have been made from Canada, Czech Republic
and Germany (Vasicek and Ruzicka 1957; Thibaudeau
et al. 1987; Medioli et al. 1990; Wightman et al. 1994;
Wolf 1995). The Mesozoic amoeba fossil record is richer,
due especially to the discovery of specimens preserved in
amber. Schmidt et al. (2006) mentioned the presence of
Centropyxis hirsuta Deflandre, 1929 in Carnian (Triassic)
amber of Italy. Other amoebae were also described from
Cretaceous ambers of Germany (Poinar et al. 1993; Schon-
born et al. 1999; Schmidt et al. 2004), Canada (Waggoner
1996a) and France (Schmidt et al. 2010). Other Creta-
ceous specimens have been mentioned in Spanish amber,
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but their precise origin is debated (Schmidt et al. 2010;
Girard and Adl 2011). Rare Mesozoic nonamber amoebae
have been found, such as the specimens described in
Jurassic black shale from Italy (Bassi et al. 2008) and in
Late Albian clay-silt from Nebraska (van Hengstum et al.
2007). The Cenozoic amber fossil record is poor. Only a
few amber specimens of Cyphoderiidae have been
recorded from Dominican amber (Waggoner 1996b). The
nonamber Cenozoic fossil record is richer with specimens
from the Eocene (Bradley 1931; Schiller 1998), Oligocene
(Schiller 1998), Miocene (Frenguelli 1933; Foissner and
Schiller 2001) and Pliocene (Kovary 1956; Boeuf and Gil-
bert 1997). For more details about the amoebae fossil
record, refer to Schmidt et al. (2010).

Analysis of the fossil record of amoebae, especially of
the amber specimens, highlights one important aspect of
the evolution of this group of organisms. Most of amber
amoebae are morphologically indistinguishable from
extant species. For example, the oldest amber specimens
(from the Triassic amber of Italy) have been attributed
to the extant species Centropyxis hirsuta (Schmidt et al.
2006). The most convincing example is the Cenomanian
amber of Schliersee (Poinar et al. 1993; Schonborn et al.
1999; Schmidt et al. 2004). Of the eight species found in
Schliersee amber, only two are fossil (Triassamoeba alpha
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Poinar et al., 1993 and Hyalosphenia baurei Schénborn
et al., 1999) and six correspond to extant species (Centro-
pyxis acuelata var. oblonga Deflandre, 1929, Centropyxis
delicatula Penard, 1902, C. hirsuta, Cyclopyxis eurystoma
Deflandre, 1929, Phryganella acropodia (Hertwig and Les-
ser, 1874) Penard, 1902, P. paradoxa Penard, 1902). The
discovery of extant species in Mesozoic ambers was inter-
preted as proof of morphological stasis in some microbial
lineages (Martin-Gonzalez et al. 2008). This conclusion
based on amber specimens seems to be corroborated by
a few nonamber species such as those discovered by van
Hengstum et al. (2007). This Late Albian assemblage pre-
served in clay-silt is mostly composed of extant species
(Difflugia oblonga Ehrenberg, 1832, D. protaeiformis La-
marck, 1816, D. urens Patterson, MacKinnon, Scott and
Medioli, 1985, Lagenidifflugia? cf. vas Leidy, 1874, Ponti-
gulasia? cf. compressa Carter, 1864, Cucurbitella tricuspis
Carter, 1856, Lesquereusia spiralis Ehrenberg, 1840) and
contains only one fossil species but belonging to an
extant genus (Difflugia baukalabastron van Hengstum,
Reinhardt, Medioli and Grocke, 2007). Schmidt et al.
(2010) interpreted this apparent morphological stasis as
(1) possible evidence of convergent evolution and/or (2)
the result of the largely asexual reproduction of testate
amoebae. This latter hypothesis seems to be not sup-
ported by recent work that demonstrated the presence of
sexual reproduction in many amoeboid organisms (Lahr
et al. 2011).

Here, we described two new fossil amoeba specimens
from mid-Cretaceous amber of south-western France.

These amoebae are extremely well preserved, as even
details of the filopodia are visible. The specimens are
assigned to the new species, Hemiarcherella christellae gen.
et sp. nov., and the new family, Hemiarcherellidae.
H. christellae was probably a soil-dwelling organism, and
its ecology is discussed in the light of associated syninclu-
sions. This discovery speaks to the importance of the
amoeba fauna from mid-Cretaceous amber from south-
western France (mostly composed of fossil species) for
elucidating the evolutionary history of testate amoebae.
Fossil amoeba species from French amber (Hemiarcherella
christellae, Centropyxis perforata and Leptochlamys galip-
pei) form the basis of a discussion on the hypothesis of
morphological stasis within amoeba lineages and the
composition of fossil assemblages found in mid-Creta-
ceous amber of south-western France.

LOCALITY, MATERIAL AND METHOD

The amber piece was found in the quarry of Archin-
geay/Les-Nouillers in Charente-Maritime, south-western
France (Fig. 1). The amber derives from alternating layers
of estuarine sand and clay that contains many plant frag-
ments (wood, cuticles, palynomorphs and amber). In the
regional stratigraphy, the amber-bearing stratum corre-
sponds to the subunit Al sensu Néraudeau and Moreau
(1989) and has been dated as Late Albian (100 million
years old) by palynology (Néraudeau et al. 2002; Dejax
and Masure 2005).

ATLANTIC
OCEAN
-
] (=]
=
f =)
[ 1Alluvium I Santonian Cenomanian
[ Tertiary [ Coniacian I "Purbeckian”
I Campanian [ Turonian [ Jurassic

FIG. 1. Locality map of the
outcrop of Archingeay/Les-Nouillers
(Charente-Maritime, SW France).
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The specimens originate from amber piece Arcl115. The
latter has been defined as litter amber by Perrichot (2004)
because of its shape and fossiliferous content. The piece
was initially 4 X 3 X 2 cm and had ‘flattened and foliated
lens-shaped structures that show a gradient of transpar-
ency ranging from a highly opaque brown side, whose
surface is pockmarked by numerous pressure marks of
sandstone grains, to a much more translucent yellow side,
whose surface is smoother’ (Perrichot 2004, p. 11). Analy-
sis of the arthropod fauna and microfossil assemblage
within the piece indicated that Arcll5 was a resin flow
that spread onto the forest floor soil. The piece has been
divided into 39 fragments to investigate the different fos-
sil inclusions (preparation after Perrichot 2004). To avoid
contamination, the samples have been disinfected using
the protocol described by Girard et al. (2009b).

The amber fragments were studied under a Nikon
Eclipse TS100 microscope at the Soil Ecology Lab (Dal-
housie University), on which interference contrast is
available. The type material is housed in the amber collec-
tion of the Department of Geosciences of the University
Rennes 1 (France) under the collection numbers
IGR.ARC-115.12¢ and IGR.ARC-115.6. Requests for
examination of the material should be addressed to Vin-
cent Perrichot (vincent.perrichot@univ-rennesl.fr).

The classification scheme in Adl et al. (2005) was fol-
lowed. Single dots (e) indicate the super-groups, double
dots (ee) correspond to first ranks, triple dots (ees) are
second ranks, and so on.

SYSTEMATIC PALAEONTOLOGY

« RHIZARIA Cavalier-Smith, 2002
«« INCERTAE SEDIS in AdI et al., 2005
Family HEMIARCHERELLIDAE fam. nov.

Derivation of name. Hemi for half and Archerella Loeblich and
Tappan 1961 for the name of the morphologically closest genus
of amoebae.

Type genus. Hemiarcherella gen. nov.

Geographical and stratigraphical range. Late Albian amber of
south-western France.

Diagnosis. Amoebae with test morphologically similar to
those of the family Amphitremidae. They differ from the
Amphitremidae in that they have only one pseudostome.
The shell is organic and translucent. The test is elliptical
and compressed laterally. No external mineral particles
are attached to the test. The unique aperture does not
have a collar. The specimens have a row of many long
and unbranched filopodia that emerge from the unique
pseudostome.

Genus HEMIARCHERELLA gen. nov.

Derivation of name. Hemi for half and Archerella for the name
of the morphologically closest genus of amoebae.

Type species. Hemiarcherella christellae sp. nov.

Geographical and stratigraphical range. Late Albian amber of
south-western France.

Diagnosis. As for the family.

Hemiarcherella christellae sp. nov.
Figure 2

Derivation of name. The species epithet is dedicated to my ex-
wife Christelle.

Holotype. IGR.ARC-115.12¢ (Fig. 2A), quarry of Archingeay/les-
Nouillers (Charente-Maritime, France), Late Albian (subunit Al
in the local stratigraphy): well-preserved specimen with shell and
filopodia.

Paratype. IGR.ARC-115.6, quarry of Archingeay/les-Nouillers
(Charente-Maritime, France), Late Albian (subunit Al in the
local stratigraphy): specimen preserved in debris, shell visible
with difficulty, but row of filopodia observable.

Diagnosis. As for the family.

Description. The specimens are preserved within organic debris
in amber piece Arcl15. They have a translucent shell that is lat-
erally compressed (Fig. 2A, B). The shells do not exhibit any
pore or xenosome. They have a length of ¢. 55 um and a width
of ¢. 17 um. The pseudostome is nearly central and circular and
has a diameter of about 9.6 um. The filopodia are organised in a
row around the pseudostome. The holotype (Fig. 2A, B) has 13
visible filopodia (others may be hidden in debris), while the
paratype (Fig. 2C) has 17. They have a length between 100 and
110 um, and their maximum diameter is about 1 um close to
the pseudostome. No photosynthetic endosymbionts are pre-
served in the specimens.

Discussion. The specimens have been placed in a new
family because of the shape and aspect of the shell, its
ornamentation and by the presence of a single pseudos-
tome. The description of a new family is due to the fact
that the closest modern family, the Amphitremidae, is
characterised by the presence of two pseudostomes. If a
certain morphological variability exists into modern
amoebae (specimens with two apertures while the species
should have only one and vice versa), this phenomenon
cannot be demonstrated for fossil specimens. Because of
their unique pseudostome, the specimens are thus placed
in a new family deferring for the modern Amphitremidae
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FIG. 2. Hemiarcherella christellae sp. nov. from Albian amber of France. A, holotype. B, detailed view of the shell of the holotype.

C, aperture view of the paratype.

by the presence of only one pseudostome. The fossil spec-
imens are morphologically similar to the genus Archerella
(Amphitremidae) because they have a rigid and thick test
with parallel sides and rounded ends (Lee et al. 2000).
However, in contrast to the genus Archerella, the fossil
specimens have only one pseudostome. Archerella and the
genera of the family Amphitremidae are characterised by
the presence of two pseudostomes, one at each extremity
of the test (Lee et al. 2000). As for the Amphitremidae,
the presence of real filopodia excludes any relation with
the Granuloreticulosea (Lee et al. 2000).

Their similarities with the genus Archerella (Amphi-
tremidae) (elliptical shell with a thick and rigid test with
parallel sides and the presence of filopodia) and their spe-
cific character (one pseudostome) allow the creation of a
new family of testate amoebae, the Hemiarcherellidae.
The name is not meant to support any affinities with the
genus Archerella and the Amphitremidae and merely
reflects certain morphological similarities between these
two families. The specimens are placed in the new genus
Hemiarcherella to reflect their similarities to the genus
Archerella within the Amphitremidae.

DISCUSSION
Palaeoecology

The two specimens described here were found in an
amber piece labelled Arcl15. Perrichot (2004) described
this piece as litter amber because of its specific shape and
fossil content. About 80 arthropods and several hundred
microfossils have been found in the piece (Perrichot and
Girard 2009). Most of these fossils belong to soil organ-
isms such as schizopterid bugs (Perrichot et al. 2007), a
mole cricket (Perrichot et al. 2002), a tanaupodid mite

(Judson and Makol 2009), a carnivorous fungus (Schmidt
et al. 2008), diverse testate amoebae (Schmidt et al. 2010)
and other micro-organisms (Girard et al. 2009a). These
syninclusions indicate that Hemiarcherella christellae was
also a soil-dwelling organism, where it had a role as a
consumer. Previous studies showed that the mid-Creta-
ceous amber forest of south-western France was a com-
plex environment (at least as complex as modern forests)
(Adl et al. 2011). The soil biocoenosis was organised with
bacteria and fungi as primary consumers, feeding on
plant debris that decomposed in the forest litter. In this
environment, micro-organisms such as ciliates, amoebae
and nematodes have been interpreted as consumers of
bacteria, fungi and/or microalgae (Adl etal. 2011).
H. christellae was probably an organism from the latter
ecological group. A few photosynthetic micro-organisms,
such as green algae (Girard 2009; Girard et al. 2009¢) and
cyanobacteria (Girard et al. 2009b), have also been found
in amber from south-western France. Their presence has
been interpreted as the function of flooding episodes,
which allowed the transport of these photosynthetic
organisms onto the forest floor (Girard 2009; Girard et al.
2009b). However, these episodes were quite infrequent,
and we can thus conclude that H. christellae was not feed-
ing on photosynthetic micro-organisms, or only sporadi-
cally. Predators of H. christellae were probably mites,
juvenile spiders and/or collembolans. As highlighted by
Adl et al. (2011), these organisms were the most probable
predators of micro-invertebrates.

Taphonomy
Preservation of delicate organisms such as amoebae

requires ideal taphonomical conditions. Previous studies
demonstrated that plant resin allows such a preservation
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(Foissner et al. 1999; Schmidt et al. 2004, 2010). Contrary
to all previous examples of amoebae from amber, the
specimens described here exhibit well-preserved filopodia.
The presence of these structures demonstrates that the
preservation of the specimens was not a sudden phenom-
enon. A rapid contact between the resin and amoebae
should cause contraction of the filopodia. The preserva-
tion of these structures on the specimens of H. christellae
tends to indicate that the contact between the resin and
the fossils was slow (perhaps very slow). Schmidt and Dil-
cher (2007) demonstrated that water slows down resin
solidification and that inclusions of water drops in the
resin flow increase the quality of preservation of the
micro-organisms. The preservation of H. christellae was
different than that of the organisms observed by Schmidt
and Dilcher (2007). H. christellae was a soil-dwelling
organism and not an aquatic organism. However, the soil
of the Cenomanian amber forest of SW France was very
humid as demonstrated by Girard et al. (2009a). Girard
(2009, 2010) and Girard et al. (2009¢) highlighted that
piece IGR.ARC-115, which preserved H. christellae, also
contains freshwater organisms (specimens of green algae
of the genera Quadrigula Printz, 1915, Myrmecia Printz,
1920 and Enallax Pascher, 1943). This indicates that
water, or at least humidity, was an important factor that
influenced the resin flow and the preservation of the
organisms into the piece IGR.ARC-115. This can explain
the very good quality of preservation of H. christellae.
Water, as in the example of Schmidt and Dilcher (2007),
could have increased the preservation potential of the
resin, and by its effect as a ‘retarder’ on the resin solidifi-
cation, it allowed the preservation of fine structures such
as the filopodia. Indeed, no rapid contact between the
resin and the amoebae occurred. The fossils were proba-
bly protected by a fine water film that progressively evap-
orated during the resin solidification. Thanks to this
phenomenon, the amoebae did not retract their filopodia
before being engulfed in the dry resin. This fine water
film could also explain the relative thickness of the filopo-
dia. Evaporation of the film created a kind of cast around
the filopodia and created an impression of greater relative
thickness of these structures. In consequence, the diame-
ter of the filopodia is perhaps overestimated.

Stasis in amoebae evolution?

Recently, research on amber microfossils has led to the
discovery of amoebae that provide new data on the evolu-
tionary history of terrestrial micro-organisms. Schmidt
et al. (2006) recorded the presence of Centropyxidae and
Difflugiidae in the Carnian amber of Italy. Members of
the family Centropyxidae, Hyalosphenidae and Phryganel-
lidae have also been found in Cenomanian amber of

Schliersee and of Kansas (Waggoner 1996a; Schonborn
et al. 1999; Schmidt et al. 2004). Other testate amoebae
have been discovered in the Cretaceous of Spain and
Kansas (Martin-Gonzalez et al. 2008), but Schmidt et al.
(2010) argued that these specimens have a nonmicrobial
origin and probably represent pseudoprotists as defined
by Girard et al. (2011).

Most of the aforementioned fossils have been attributed
to extant genera or species. Indeed, the Centropyxidae
from Carnian amber have been related to the extant spe-
cies Centropyxis hirsuta Deflandre, 1929. The most abun-
dant and diverse fossil amoebae fauna was found in the
Cenomanian amber of Schliersee (Schonborn et al. 1999;
Schmidt et al. 2004). Of the seven taxa of testate amoebae
found in this amber, only one has been attributed to a
new species (Hyalosphenia baueri Schonborn et al., 1999).
Such findings have led to the theory that morphological
stasis exists in diverse microbial lineages (Martin-Gon-
zalez et al. 2008, 2009). This apparent stasis can be due to
real maintaining of microbial species though long periods
or to evolutionary convergence that conducted to the
resurgence of some phenotypes.

Amoebae from mid-Cretaceous French amber seem to
be one exception to the theory of stasis. Most of the spec-
imens found are not well preserved and have only been
tentatively attributed to genera (Girard 2010). Only a few
are very well preserved and allow for precise systematic
placements, but those that have been definitively assigned
are all distinguishable from modern taxa. Centropyxis per-
forata Schmidt, Girard and Schonborn, 2010 and Lep-
tochlamys galippei Schmidt, Girard and Schonborn, 2010
have pores on their tests, a characteristic never observed
in modern species of the genera Centropyxis Stein, 1857
and Leptochlamys West, 1901. The specimens described
here also have characteristics (such as the unique pseu-
dostome) that place them in a new species, a new genus
and even a new family. The amoeba fauna from French
amber thus appears atypical compared to the other amber
amoeba faunas. Several hypotheses can explain the com-
position of the amoeba fauna from mid-Cretaceous
amber of south-western France. First, chance may have
led to the discovery of these new fossil taxa. That is to
say, fossil taxa were equally abundant in all deposits, but
contingency has played a role in what has been found
and described. Second, the mid-Cretaceous amber forest
of south-western France was perhaps an area of ende-
mism, allowing for rapid diversification and evolution of
species compared to other Cretaceous forests. Third, very
few scientists are studying microfossil inclusions, creating
a paucity of published data, particularly when compared
with the body of knowledge on arthropod inclusions.
Additional research on these fossils will probably lead to
the discovery of new testate amoebae that will clarify the
evolutionary history of these organisms and/or the
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uniqueness of the mid-Cretaceous amber of south-western
France.
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