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ABSTRACT - The staghorn coral genus Acropora is the most diverse living genus of reef-building corals. From earliest records around
the K-Pg event, the genus has a geo-history of strongly persistent morphological lineages, dating from 49 Mya to present and extending across
the Eocene of England and Europe, Oligocene to early Miocene of Europe, Oligocene to present in the western Atlantic, and late Paleogene to
present reef-bearing areas in the Indo-Pacific. Because of these records and the usually well-preserved Acropora fossils, it is regarded as an
exemplar for studying modern diversity and distribution of reef corals and predicting their response to future climate change. Here we examine
previously undocumented diversity of Acropora species groups present in Oligocene and Miocene (Suwannee Limestone and Tampa Member
of the Arcadia Formation, respectively) deposits in Florida and southern Georgia, USA. We find evidence of both species-group lineages from
the European region and novel, probably unique Atlantic lineages. Of 11 extant species-group lineages first present in the Eocene to Miocene
of the European region, seven are present in this American material, including the cervicornis group, never recorded in the Indo-Pacific and
now extant only in the western Atlantic. Two as yet undescribed species in the samples and the known species Acropora tampaensis Weisbord,
1973 could not be matched within the 19 species groups recognised in extant Acropora, and these may be lineages uniquely developed and
lost in the Americas. The two species in the cervicornis species group, both now categorised as critically endangered, are the only surviving
representatives of the family Acroporidae, which was previously represented by five genera in the western Atlantic. Acropora species from
Florida and Georgia reefs clearly played a substantive role in the continuation and diversification of Acropora species groups during the
Oligocene-Miocene in the western Atlantic and it is possible that this contributed to the success of the genus in the Indo-Pacific, as well as

cervicornis group as a critical environmental feature of western Atlantic reefs.

INTRODUCTION

The reef-building coral genus Acropora (phylum
Cnidaria, order Scleractinia, family Acroporidae), with
more than 150 recognised living species (Wallace, 1999;
Veron, 2000; Wallace et al., 2012), has come to dominate
coral diversity and even influence the architecture of
modern coral reefs. With a rich and accessible fossil
history (e.g., Baron-Szabo, 2006; Wallace & Rosen, 2006;
Wallace, 2008; Wallace & Bosellini, 2014; Santodomingo
et al., 2015), generally stable skeletal biomineralisation
(Stolarski et al., 2016), and 19 (previously 20: see Wallace
etal., 2007) morphologically recognisable species groups
(Wallace, 1999), it has been seen as an exemplar for
the study of diversification and change on coral reefs.
Its species are also particularly vulnerable to some
environmental impacts associated with elevated sea surface
temperatures and other types of change on coral reefs (e.g.,
Bruckner & Hourigan, 2002; Vollmer & Palumbi, 2007,
Aronson et al., 2008a, b; Faith & Richards, 2012; Renema
et al., 2016). However, many have been found to extend
into mesophotic (and thus somewhat protected) reef zones
as well as shallow reef fronts (Muir & Wallace, 2016; Muir
et al., 2018a, b; Turak & DeVantier, 2019).

A finding of representatives of nine of the 19
(previously 20) modern Acropora species groups in the
Eocene (49-33.9 Mya) of England and France (Wallace
& Rosen, 2006), was taken as evidence that pre-existing
diversity contributed to modern high diversity of Acropora
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in the Indo-Pacific region, in a contradiction of the previous
premise that modern Acropora diversity sprang from a
single Pliocene ancestor (Stehli & Wells, 1971; Potts,
1985; Veron, 1995; Fukami et al., 2000). These species
groups: humilis (as humilis I and I1), cervicornis, muricata,
robusta, aspera, florida, hyacinthus, and latistella were
subsequently matched up with ten species (some new,
others previously described), and another species was
tentatively matched with the elegans group (Wallace,
2008), which can now be validated. A subsequent study
of Oligocene (23.0-33.9 Mya) and early Miocene (16.0-
23.0 Mya) fossils from continental Europe (Wallace &
Bosellini, 2014) found new and continuing species from
all these groups except elegans, plus two additional groups
horrida and rudis. That study concluded that conditions
in the western Tethys region during the Oligocene and
early Miocene were compatible with survival and range
expansion of Eocene species and species turnover or
origination of new species within lineages (Wallace &
Bosellini, 2014).

In the western Atlantic Ocean region (Caribbean
and the Americas) a “cosmopolitan pan-Tethyan fauna”
was recognised in the coral fossil record from the Late
Cretaceous to end-Eocene (Edinger & Risk, 1994; Budd,
2000). The family Acroporidae shows this pattern, with
genera Astreopora, Alveopora, Acropora, and the now
globally extinct Dendracis, all previously present in
the western Atlantic as well as elsewhere in the Tethyan
seaway (Wallace, 2012). This period was followed by
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Locality Estimated age (Mya)

Biostratigraphical age References

Tampa Member of the

Arcadia Formation, Tampa 22.3 - 26 Mya
Bay, Hillsborough County, Florida
Little Horseshoe Bend, Flint
River, Decatur County, Georgia 27.8-33.9 Mya
Terramar 01, Polk County, 33.6-34.1 Mya

Socrum Quadrangle, Florida

Miocene (Aquitanian) to Oligocene

(Chattian) W 11541, W 15166 Brewster-Wingard et al., 1997

Dall, 1916

Oligocene (Rupelian)

Oligocene (Rupelian) to Eocene
(Priabonian)

Herbert & Portell, 2002
(references therein)

Tab. 1 - Localities from which the Acropora fossils in this study were collected. Sources of ages and/or coral facies are from references indicated.

the Oligocene/early Miocene turnover period (OMT)
characterised by loss of species and genera in many
families including Acroporidae and leading to a “more
distinctive Caribbean fauna” (Johnson & Kirby, 2006). By
the end of the OMT only Acropora remained of the Atlantic
Acroporidae, although it was briefly joined by its sister
genus Isopora in the Neogene (Budd & Wallace, 2008;
Wallace & Budd, 2009). Living Acropora is represented
by the two extant species of the cervicornis group, A.
cervicornis and A. palmata, and an F1 hybrid, currently
accepted as A. prolifera (Lamarck, 1816) (see Wallace,
1999, p. 178-179; Vollmer & Palumbi, 2002; Anguila-
Perera & Hernande-Lander, 2018; Nylander-Asplin,
2018; Hoeksema & Cairns, 2020). While the histories of
other genera of Acroporidae are well-documented (Budd
et al., 1994, 1995) the origination and turnover of many
species of Acropora in the western Atlantic remain to be
detailed from fossil material deposited in museums. This
paper documents a small part of this record, by looking
at the species group status of fossils from Oligocene and
Miocene deposits in Florida and Georgia, USA.

Geological setting

The basement conformation of the Florida Platform
includes land that was rifted from the African Plate during
the Triassic breakup of Pangea and sutured onto the North
American continent (Scott, 2001, 2011; Smith, 2015;
Upchurch et al., 2019). In the Cretaceous to mid Eocene,
most of Florida was separated from the rest of North
America by the Suwannee Straits, a swift marine current
running from the Gulf of Mexico to the Atlantic Ocean
(Fig. 1; Scott, 2011). Following this, tectonic activity and
erosion of the Appalachian Mountains caused siliciclastic
sediments and carbonates to fill the channel, forming
the Gulf Trough (Smith, 2015; Upchurch et al., 2019).
The flow of materials continued southwards, forming
the Suwannee Limestone, named by Cooke & Mansfield
(1936), which now underlies a portion of southern Georgia
and most of modern Florida. It encompasses the early
Oligocene (Rupelian, 27.8-33.9 Mya) and is thought
to straddle the Eocene/Oligocene boundary (Herbert &
Portell, 2002).

The Suwannee Limestone is exposed in river banks
and at Little Horse Shoe Bend on the Flint River, Decatur
County, Georgia (Dall, 1916) or accessed by mining, e.g.,
as at the FLMNH Terramar 01 site in Polk County, Florida
(Herbert & Portell, 2002). In the region of Tampa Bay,
Hillsborough County, Florida, the Suwannee Limestone is
overlain by a younger deposit, the Tampa Member of the
Arcadia Formation, which is late Oligocene (Chattian) to
mid Aquitanian (early Miocene) (22.3-26 Mya) (Brewster-
Wingard et al., 1997). These three locations provided our
samples (Tab. 1, Fig. 1).

MATERIAL AND METHODS

Specimens were examined at the Florida Museum
of Natural History (FLMNH), University of Florida,
Gainesville, USA, the National Museum of Natural
History (USNM), Smithsonian Institution, Washington
DC, and at Queensland Museum, Brisbane, using
a binocular dissecting microscope with eyepiece
micrometer. We examined fossil fragments from 12
specimen lots, collected at the localities (Tab. 1, Fig. 1)
from mid-nineteenth century to present. The fragments
were studied for discernible skeletal characters at
species-group level, as outlined in Wallace & Rosen
(2006: Methods and tab. 2) and subsequent fossil studies
(Wallace, 2008; Santodomingo et al., 2015).

RESULTS AND DISCUSSION

Eleven forms with characters consistent with
separate species were found, two from Georgia and
nine from Florida (illustrated in Fig. 1 by locality). One
was Acropora tampaensis Weisbord, 1973, with the
others interpreted as new to science. Eight of the as yet
undescribed species were attributed to seven of the species
groups, assumed to be lineages, recognised in modern
Acropora (Wallace, 1999; Wallace et al., 2012): humilis,
cervicornis, robusta, aspera, florida, elegans and horrida
groups (Fig. 1), leaving the affinities of the other three

»

»

Fig. 1 - (color online) Map of Florida and southern Georgia, indicating features and locations mentioned in the text. Images of species identified
to species group are superimposed and arranged according to collecting location in: Suwannee Limestone (top and centre right hand images)
and Tampa Member of the Arcadia Formation (left hand images). Two extant Atlantic Ocean species from the cervicornis group are shown
alive and in situ in the San Blas Islands on the bottom right. All scale bars are 10 mm.
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Fig. 2 - Occurrence of identified Acropora species groups (columns) from the strata (rows) studied in: the Oligocene and Miocene of USA
(superscript 1 = this paper), compared with the Oligocene and Miocene of continental Europe (superscript 2 = Wallace & Bosellini, 2014) and
the Eocene of England and/or France (superscript 3 = Wallace & Rosen, 2006 + Wallace, 2008). Strata represented as in the Geologic Time
Scale (Walker et al., 2012). Europe records include France, Italy, Spain and Slovenia. Each record is for one or two species in the species

group indicated. Asterisk = species group found in this study.

species (including 4. tampaensis) undetermined. Tab. 2
lists the main characteristics by which these species groups
were determined from the fossil fragments.

Fig. 2 compares the age of the species-group
distributions in Florida and Georgia with known species-
group presence in the Acropora fossil record from the
western Tethys. The identified Atlantic lineages also occur
in the Eocene, Oligocene and early Miocene of Europe,
with the exception of horrida group, which has only a
late Miocene record in Europe to date (Wallace & Rosen,
2006; Wallace, 2008; Wallace & Bosellini, 2014). All
the groups except cervicornis group are also represented
in the Miocene or younger of Indonesia in the central
Indo-Pacific (Santodomingo et al., 2015). At this stage
of interpretation, up to three unnamed species groups
can be hypothesised to be uniquely American. A more
complete description of the fossil material in this study is
in preparation and this will describe the new species and
further examine their lineages.

All Florida and Georgia records of Acropora lineages
identified in this study, except horrida group, postdate
their appearance in the western Tethys region. The
presence of these species groups in northern America
indicates that, from early diversification in the Eocene of
England and Europe (Wallace & Rosen, 2006; Wallace,
2008), followed by range extension, species longevity
and turnover in the European Oligo-Miocene (Wallace
& Bosellini, 2014), the Acropora lineages were able
to extend into the Atlantic and leave a diverse species
record in mainland USA. This is a clear indication that
Acropora played a role in the cosmopolitan pan-Tethyan

fauna of the western Atlantic to end-Eocene (Budd et al.,
1994). The possibility that it also played a role in “the
development of a more distinctive western Atlantic fauna
by diversification during the Oligo-Miocene” (Johnson
& Kirby, 2006, p. 283) may be hypothesised from the
survival of the cervicornis group and presence of up to
three novel species groups.

The diversity of species groups derived from the
western Tethys in the Oligo-Miocene of the Atlantic
is indicative of the presence of suitable conditions for
Acropora survival in a variety of habitat types. The
unique geological and biological features involved in the
development of reefs in the region and the deposition
of the fossil-bearing Suwannee Limestone and Arcadia
Formation are described in many publications (e.g.,
Mansfield, 1937; Scott, 2001, 2011; Smith, 2015;
Upchurch et al., 2019 and numerous others). Few of the
species groups recorded here have been seen to date in the
Caribbean fossil fauna (Budd et al., 1994; Budd, 2000;
Wallace, 2012), so it is possible that this USA fauna played
a unique role, perhaps in parallel to that played out in the
Caribbean, and that this contributed to the maintenance and
extension of many Acropora lineages into the Indo-Pacific.

Four other sister genera of Acropora in the family
Acroporidae: Astreopora, Alveopora, Isopora and
Dendracis (now extinct worldwide) are also present in
the fossil record of the western Atlantic region (Wallace,
2012), but extinct there today, making A. cervicornis
and A. palmata and their F1 hybrid (the cervicornis
group) the only remaining representatives of the family.
These species are known for their rapid growth and



C.C. Wallace et alii - Fossil Acropora corals from USA 353

Species group

Main visible characteristics

Radial corallites short, thickened tubular with dimidiate openings, evenly sized or two sizes. Coenosteum

throughout reticulate with laterally flattened spinules, sometimes reticulo-costate. Colonies corymbose or

Radial corallites approximately tubo-nariform, evenly sized. Coenosteum reticulate between, costate on

radial corallites, with laterally flattened spinules more or less in lines (costae). Colony shape various, branch

Radial corallites dimorphic, one form long tubular with dimidiate opening, the other subimmersed.

humilis
digitate, branch diameter axial dominated.
cervicornis
diameter axial dominated.
robusta

axial dominated.

Coenosteum reticulate between, costate on radial corallites. Colonies sub-arborescent, branch diameter

Radial corallites labellate, upper wall absent, lower wall developed into a flaring lip, evenly sized or two
aspera sizes. Coenosteum open reticulate with few simple spinules between radial corallites, costate on radial
corallites. Colonies corymbose or arborescent, branch diameter axial dominated.

Radial corallites appressed tubular with thickened lip-like lower wall and round openings, evenly sized.

florida

radial.

Coenosteum between radial corallites reticulate and simple, with few simple spinules, on radial corallites
costate or reticulo-costate. Colonies based on simple hispidose branching, branch diameter 50/50 axial:

Radial corallites tubular or appressed tubular, evenly sized, sometimes alternate- sympodially arranged on

elegans

axial: radial domination various.

the branch. Coenosteum throughout formed by elaborate spinules, densely to moderately densely arranged.
Colonies with light structure, mostly horizontal branching and sparsely arranged branches, branch diameter

Radial corallites simple tubular with round openings, evenly sized. Coenosteum throughout with simple to
horrida moderately elaborated spinules, parts of coenosteum fused. Colonies arborescent to hispidose, branch

diameter 50/50 axial: radial.

Tab. 2 - Main characteristics of the seven modern Acropora species groups that could be recognised in the fossil fragments examined and allow
comparison with material from other fossil studies, in particular Wallace (2008), Wallace & Bosellini (2014), Santodomingo et al. (2015).

contribution to reef front structure. The cervicornis
group is not represented elsewhere in the world after
the Miocene, and never recorded from the Indo-Pacific.
Current evidence suggests that this species group has a
lineage of up to 45.8 million years, making its critically
endangered status a serious threat to future phylogenetic
diversity and habitat integrity of the reef ecosystems of
the western Atlantic. Acropora species from the fossil
record of Florida and Georgia reefs clearly played a
substantive role in the diversification of Acropora during
the Oligocene-Miocene in the western Atlantic and it is
possible that this contributed to the success of the genus
in the Indo-Pacific, as well as to the establishment of the
surviving cervicornis group as a critical environmental
feature of western Atlantic reefs.
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