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A new coral with simplified morphology from the oldest 
known Hettangian (Early Jurassic) reef in southern France
MÉLANIE GRETZ, BERNARD LATHUILIÈRE, and ROSSANA MARTINI

Gretz, M., Lathuilière, B., and Martini, R. 2015. A new coral with simplified morphology from the oldest known Het-
tangian (Early Jurassic) reef in southern France. Acta Palaeontologica Polonica 60 (2): 277–286. 

The family Zardinophyllidae (Pachythecaliina) represents one of the most enigmatic coral groups known from the begin-
ning of Mesozoic record of stony corals. They share some features with Paleozoic rugosans (overall architecture of the cor-
allite) but also modern-day scleractinians (aragonite mineralogy). Fossil record of zardinophyllids was up to now restricted 
to the Triassic. Here we describe a new coral genus Cryptosepta collected in the oldest known Jurassic (Hettangian) reef in 
the Ardèche department in southern France. Cryptosepta gen. nov. has poorly developed (cryptic) septa, which is a pecu-
liarity that extends the boundaries used to distinguish post-Palaeozoic corals and an oversimplification that could support 
reinitialisation of the evolutionary clock during extinction events or that support an adaptation to specific environmental 
conditions. Occurrence of Cryptosepta gen. nov. in Jurassic suggests zardinophyllid survival through the Triassic–Jurassic 
boundary, and may represent (possibly with Sinemurian genus Pachysmilia) a missing link to Amphiastreidae.
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Introduction
The Triassic–Jurassic (T–J) boundary crisis is one of the five 
largest mass extinctions of the Phanerozoic. The end of the 
Triassic and Early Jurassic are periods with profound biotic 
and environmental changes (Tanner et al. 2004), and they 
are especially characterised by a dramatic decrease in marine 
fauna diversity. Reef communities, especially corals, suffered 
high extinction rates (Kiessling et al. 2007; Lathuilière and 
Marchal 2009). The Early Jurassic is traditionally defined as 
exhibiting a “reef gap”, wherein genuine frameworks for co-
lonial coral are scarce and concentrated in the western Tethys 
(Lathuilière and Marchal 2009 with references therein; Gretz 
et al. 2013).

The oldest known Hettangian reef is located in the Ar-
dèche department (southern France) (Fig. 1) and was referred 
to as Elmi’s reef (Kiessling et al. 2009). It was discovered by 
Elmi and Mouterde (1965), studied in a PhD thesis by Martin 
(1984) and mentioned in several papers (e.g., Elmi 1986a, 
b; 1990; Elmi et al. 1993; Elmi and Rulleau 1993; Dumont 
1998). Kiessling et al. (2009) provided a modern detailed de-
scription of this reef in which the coral assemblage taxonomy 

comprises a short list of 4 genera, primarily branching corals. 
These genera are: Chondrocoenia, Rhaetiastraea, Phacelo-
phyllia, and Phacelostylophyllum.

Our paper describes a new coral genus from the Elmi’s 
reef. The new coral, classified as zardinophyllid (Pachythe-
caliina), was collected through three specimens that because 
of unusual, tube-like morphology of calices can be confused 
with serpulid tubes. The importance of this finding is in 
filling a stratigraphic gap between Triassic and Late Jurassic 
occurrences of pachythecaliine corals, whose origin and evo-
lution is a matter of long-standing debate.

Institutional abbreviations.—MHNG, Natural History Mu-
seum of Geneva, Switzerland.

Geological setting, material and 
methods
Located in the Ardèche department (southern France) (Fig. 1), 
Elmi’s reef grew during a very early interval of the Hettang-
ian. No ammonites were found in the reef; nevertheless, the 
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detailed work of Elmi and Mouterde (1965) permitted to 
constrain better its age. Indeed, 15 m below the reef structure 
they found the species Psiloceras psilonotum, P. plicatulum 
and Caloceras gr. johnstoni that suggest an early Hettangian 
age (Psiloceras planorbis Zone, Psiloceras planorbis and 
Caloceras johnstoni subzones) (Kiessling et al. 2009). Five 
meters above the reef structure, they found Waehnoceras 
portlocki indicating the Alsatites liasicus Zone, Waehnoc-
eras portlocki Subzone of Hettangian (Kiessling et al. 2009). 
Regarding these elements, the reef grew certainly in the older 
part of the Hettangian (Kiessling et al. 2009).

It is a coral-microbial framestone reef, which developed 
below the fair-weather wave base but above the storm wave 
base in an inner-ramp setting (Kiessling et al. 2009). Most 
of the reef structure is strongly affected by diagenesis with 
coral skeletons recrystallised and replaced by blocky cal-
cite, silica or, locally, by dolomite. Thus, the original struc-
ture of the corals is rarely preserved. The reef comprises 
three distinct patch reefs (Fig. 1). The largest reef includes 
massive reef limestone with corals that alternate with beds 
of coral floatstone and coquinas of crinoid ossicles as well 
as shell debris. Such interbedding with crinoidal limestone 
suggests growth in two or three distinct episodes. The new-
ly observed coral colonies were in the largest patch reef and 
in a bed which corresponds to one of the growing episode 
of the reef. These corals are relatively rare in this reef. 
Three colonies were collected at the locality Ucel (Ardèche, 
France) (Fig. 1) and studied macroscopically. Using these 
samples, eight thin sections were prepared for microscopic 
analysis. Following Rittle and Stanley (1993) methodology, 
the optical petrography and cathodoluminescence micros-
copy (CL) were employed to detect possible preservation 
of the skeletal microstructures. The CL microscopy gener-
ally can account for a complete replacement of the original 
aragonite by a blocky calcite through a cementation pro-
cess within the moldic porosity and no additional macro or 
microstructural features could be added to the natural light 
observations.

Systematic palaeontology
Class Anthozoa Ehrenberg, 1831
Remarks.—Several observations lead to the conclusion that 
the fossil under study is a coral: (i), tubes are not preserved 
in original calcitic microstructure; (ii), even if septa are abor-
tive they exist; (iii), the tubes are branching and provide a 
phaceloid colonial structure; (iv), tubes are conical rather 
than cylindrical; (v), walls are compact, not perforated. All 
these observations discard serpulid, scaphopod and sponge 
interpretations.

Order Hexanthiniaria Montanaro-Gallitelli, 1975
Suborder Pachythecaliina Eliášová, 1976
Family Zardinophyllidae Montanaro-Gallitelli, 1975
Remarks.—The suborder Pachythecaliina Eliášová, 1976 
is known from the Late Triassic to Maastrichtian. The sys-
tematic position of Pachythecaliina is controversial in the 
literature (Kołodziej 2003; Kołodziej et al. 2012). Indeed, 
certain authors distinguish this suborder instead of the sub-
order Amphiastreina (e.g., Stolarski and Roniewicz 2001; 
Stolarski and Russo 2001; Kołodziej 2003; Roniewicz 2008; 
Melnikova and Roniewicz 2012; Morycowa 2012) as others 
still accept the priority of Amphiastreina (Kołodziej et al. 
2012). According to Roniewicz and Stolarski (2001), the 
families Zardinophyllidae Montanaro-Gallitelli, 1975 (=ju-
nior synonym Pachythecalidae Cuif, 1975) and Amphias-
treidae Ogilvie, 1987 represent the suborder Pachythecaliina 
sensu stricto (Stolarski and Russo 2001). Other post-Triassic 
groups of Mesozoic have been attributed to this suborder and 
they represent the Pachythecaliina sensu lato (Stolarski and 
Russo 2001). These groups have no typical pachythecal wall, 
which belongs to diagnostic features of this suborder (or the 
state of their preservation does not permit to recognise them) 
and thus their affinity with pachythecaliines was based on 
the combination of characters or by the absence of characters 
that permitted to link them with other Jurassic scleractinians 
(Stolarski and Russo 2001). These corals are: Heterocoenii-
dae Oppenheim, 1930, Carolastraeidae Eliášová, 1976, Inter-
smiliidae Melnikova and Roniewicz, 1976 and Donacosmili-
idae Krasnov, 1970. It has to be noticed that the phylogenetic 
relationship of heterocoeniids is controversial because most 
authors classify them into the suborder Heterocoeniina Beau-
vais, 1977 (see Kołodziej 1995; Kołodziej et al. 2012). Inter-
smilids and carolastraeids are similar and their only signifi-
cant difference is the corallite symmetry that is respectively 
radial and bilateral (Stolarski and Russo 2001). The principal 
characteristic that link these groups with pachythecaliines 
are the smooth septal faces that are rare among the coeval 
scleractinians (Stolarski and Russo 2001). Donacosmiliids 
have similarities with amphiastreids but differ from them by 
their quasi-radial symmetry and lateral budding (Stolarski 
and Russo 2001). The stratigraphic distribution of pachythe-
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cal corals for the Triassic–Jurassic interval inspired from 
Stolarski and Russo (2001) is presented in the Fig. 2.

Pachythecaliine sensu stricto occupy a special place 
among post-Paleozoic corals (Kołodziej 2003). Indeed, 
Eliášová (1978) included the suborder Pachythecaliina in the 
order Hexanthiniaria Montanaro-Gallitelli, 1975 that is in 
some aspects intermediate between Rugosa and Scleractinia. 
By their peculiar morphological characteristics, zardinophyl-
lids, amphiastreids and related families were considered by 
various authors (e.g., Koby 1888; Montanaro-Gallitelli 1975; 
Cuif 1975, 1980; Eliášová 1978, Melnikova and Roniewicz 
1976; Stolarski 1996) as descendants of Rugosa (Kołodziej 
2003). Pachythecaliines sensu stricto, have some distinct 
morphological characters that are comparable to those of the 
Palaeozoic plerophylline rugosans (Roniewicz and Stolarski 
2001; Stolarski and Russo 2001; Kołodziej et al. 2012). The-
ses aspects are an early ontogeny and a skeletal architecture 
composed of a pachythecal wall and septa arranged in a bilat-
eral symmetry that are commonly deeply located in the calice. 
However, Pachythecaliines ssp. have an aragonitic skeletal 
mineralogy and ?quasi-cyclic septal development in the adult 
stage that attest their link with scleractinians (Roniewicz and 
Stolarski 2001; Stolarski and Russo 2001). Amphiastreids dif-
fer principally from the zardinophyllids by their mode of bud-
ding that is “Taschenknospung” (Stolarski and Russo 2001).

The Triassic–Jurassic family Zardinophyllidae is com-
posed in addition to the new genus presented in this work, of 
five other genera that are Pachydendron Cuif, 1975, Pachys-
olenia Cuif, 1975, Pachythecalis Cuif, 1975, Zardinophyl-
lum Montanaro-Galitelli, 1975, and Pachysmilia, Melnikova, 
1989. The morphological characters of the genus Zardino-
phyllum would indicate that this genus could represent an 
“ideal transitional form” between rugosans and non sclerac-
tinian, hexanthiniarian post paleozoic corals (Stolarski 1999; 
Roniewicz and Stolarski 2001). The link between Paleozoic 
and post-Paleozoic corals has been controversial for a long 
time (e.g., Oliver 1980; Fedorowski 1997) especially because 
no Early Triassic skeletonised anthozoans were found. In this 
debate, Zardinophyllum was considered either as “an abezr-
rant scleractinian” (Oliver 1981) or a Hexanthiniaria (Mon-
tanaro-Gallitelli 1975). This question is now renewed by 
molecular approaches and the finding of Ordovician Kilbu-
chophyllida (Scrutton and Clarkson 1991) interpreted as the 
earliest fossil scleractinian coral record (Stolarski et al. 2011)

Genus Cryptosepta nov.
Type species: Cryptosepta nuda gen et. sp. nov.; monotypic; see below.
Etymology: From Greek crypto,hidden, for the cryptic septa.

Diagnosis.—As of the type species.

Cryptosepta nuda sp. nov.
Figs. 3, 4, 6.

Etymology: From Latin nuda, nude, because the septa are so short that 
the tube seems nude.
Type material: Holotype: MHNG 2013-34 to MHNG 2013-37 (Figs. 
3A1, A2, B, D, 4B, C, E–G); sample S6. Rubble of a Cryptosepta nuda 

colony. Corallites can be observed on both faces of the sample. Para-
types: MHNG 2013-38 to MHNG 2013-41 (Figs. 3C, E, 4A, D); sam-
ple MG 156. Two rubbles containing each a Cryptosepta nuda colony.
Type locality: Ucel, Ardèche, France.
Type horizon: Lower Hettangian (in an interval that could extend from 
the upper Psiloceras planorbis ammonite Zone to the lower Alsatites 
liasicus Zone).

Material.—Type material only.
Diagnosis.—Phaceloid growth form. Corallites forming con-
ical calices. Variable corallite wall thickness, which is prox-
imally thick and distally thin. In transverse and longitudinal 
sections, the wall often has a corrugated aspect that produces 
an irregular corallite shape. The number of septa is low. In 
the more distal parts, the estimated number of septa ranges 
between 20 and 25. The septa are poorly developed as septal 
ridges along the inner side of the wall; they are irregular and 
randomly distributed but not distinct in the distal corallite parts. 
No visible symmetry. Budding lateral or possibly parricidal. 
No columella. Certain corallites display a distinct fine external 
epithecal layer separated from the massive thecal structure and 

Fig. 2. Stratigraphic distribution of pachythecal corals and related genera 
inspired from Stolarski and Russo (2001) and modified. As an approxima-
tion, a vertical bar indicates a full stage when such corals were identified 
in the stage. When a single stage lacks such corals between two stages with 
such corals, the black bar was elongated. By approximation, Štramberk 
limestone was considered Tithonian. This figure shows only the Triassic–
Jurassic range of Pachythecaliines but most of Jurassic genera occur also 
in the Cretaceous.
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occasionally a fine layer that covers the internal theca. Rare 
endothecal structures represented by large horizontal tabulae. 
They separate the corallite into distinct portions. A new septal 
apparatus grows at the upper surface of these tabulae.
Dimensions.—The different measured parameters of the ho-
lotype are shown in Fig. 5, and their values are in Table 1. 
The holotype size is 18 cm length × 12.5 cm width.
Description.—Phaceloid growth form. The corallites are 
formed by thick walls that become thinner distally. The 
walls are irregular, thick and often have a corrugated aspect 
that produces in an irregular corallite shape. The original 
structure of the corallite walls are difficult to identify and 
the cathodoluminescence analyses did not permit to reveal 
the original microstructure. Nevertheless, in some cases, in 
natural light observations, fine fibre-like structures are visi-
ble (Fig. 6), and the diagenesis likely affected in a different 
manner the distinct structures that originally formed the the-
ca. For example, some corallites have a distinct fine external 
epithecal layer separated from the massive thecal structure 
and occasionally a fine layer that covers the internal theca.

Rejuvenescence phases are visible in longitudinal sec-
tions and induced more or less important calicinal aperture 

retractions. The radial elements are poorly developed and 
deeply hidden in the calices. Thus, the distal corallite portion 
has no septa and, in transverse sections, it appears as empty 
tubes. The septa develop on the pre-existent wall and are 
gradually inserted. In the proximal part, the number of septa 
is low, and in the more distal part, the estimated number of 
septa ranges between 20 and 25. In the transverse section, the 
septa are short, and the majority is thick. Thinner and longer 
septa were also observed, occasionally curved and rarely 
somewhat rhopaloid.

Budding is dominantly lateral; the new bud grows cen-
trifugally at a wide angle from the outer side of the parental 
corallite wall, and it rapidly becomes quasi parallel to the 
mother corallite. Additionally, a case of possible parricidal 
budding could be considered (Fig. 3E). Nevertheless, it is 
difficult to distinguish it from rejuvenation. It is worth to 
note that in this case, two septa are elongated and are more 
or less involved in the budding process similar to as it is 
known in Intersmilia (Melnikova and Roniewicz 1976). In 
the longitudinal section, endothecal structures are rare, and 
they comprise large horizontal tabulae that separate the cor-
allite into distinct portions. A new septal apparatus grows at 

Fig. 3. Hettangian (Early Jurassic) zardinophyllid coral Cryptosepta gen. nov. from Ucel, Ardèche, France. A. Holotype (sample S6; MHNG 2013-34), 
global view of the colony. Corallites can be observed on both faces of the sample (A1, A2). B. Holotype (sample S6c; MHNG 2013-37), transverse and 
longitudinal corallite sections (B1); transverse section, juvenile stage (B2), characterised by a thick wall and only one septum (white arrow). C. Corallite 
(sample MG156c; MHNG 2013-40), transverse and longitudinal sections (C1); transverse section, adult stage (C2), characterised by a fine wall and rela-
tively high number of septa. The septa are long and fine as well as short and thick.
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their upper surface. Such tabulae are geometrically related to 
rejuvenation stages.
Remarks.—Cryptosepta gen. nov. exhibits plesiomorphic 
characters such as thick corallite wall developed before cryp-
tic poorly developed septa. Though the wall microstructure 
is not well-preserved, such thickness is associated with poor 
septal development and suggests a pachythecalid wall (see 
Kołodziej et al. 2012 for a recent review on pachythecal 

corals), which is the predominant skeletal characteristic of 
Zardinophyllidae (=junior synonym Pachythecalidae Cuif, 
1975). This family comprises additional colonial genera 
with phaceloid morphologies, including Pachydendron Cuif, 
1975, Pachysolenia Cuif, 1975 and Pachysmilia (Melnikova, 
1989). Additionally, it comprises the solitary forms Pachythe-
calis Cuif, 1975 and Zardinophyllum Montanaro-Galitelli, 
1975. Among these genera, Cryptosepta is remarkable in its 
poorly developed septa (Table 2).

Compared with Jurassic or Triassic pachythecal Amphi-
astreidae as redefined by Stolarski and Russo (2001), Cryp-
tosepta does not comprise the two zonal endotheca (no mar-
ginarium). The corallite illustrated in Fig. 4C suggests that 
a pocket may open within the wall. However, we could not 
characterise the typical mode of growth in the Amphiastrei-
dae “Taschenknospung” (pocket budding) as it is defined by 
Roniewicz and Stolarski (2001).

Compared with Intersmiliidae, Cryptosepta has a much 
thicker wall, which suggests that it is more related to Zardi-
nophyllidae than Intersmiliidae. The rhythmic growth of 
tabulae in Intersmilia is also a significantly discriminating 
characteristic.

Zardinophyllids have a pachythecalid type wall that is 
comprised of radially oriented, equal-sized fibre fascicles and 
exhibits full microstructural independence between theca and 
septa. However, the observed specimens show strong recrys-
tallisation, and the original structure of the corallite wall is 
difficult to identify. The distinct fine external epithecal layer 
separated from the massive thecal structure that is observed 
around certain corallites of Cryptosepta nuda (Fig. 4F) is sim-
ilar to those described by Cuif (1975: 169, fig. 6b), Melnikova 
and Roniewicz (1976: 99, pl. 24: 2, 3) and in particular to 
those presented by Kołodziej et al. (2012: 315, fig. 17).

In their initial and juvenile stages, zardinophyllids typ-
ically exhibit strong bilateral symmetry with an enlarged 

Table 1. Values for the different measured parameters in Cryptosepta 
nuda gen. et sp. nov. from St Julien du Serre (Ardèche, France); Het-
tangian.

Parameters Min. 
value

Max. 
value Mean Standard 

deviation
Proximal external diameter of the 
corallite (4 measurements in mm) 3.58 5.02 4.16 0.63

Distal external diameter of the 
corallite (4 measurements in mm) 3.13 5.58 3.97 1.11

Proximal lumen diameter 
(4 measurements in mm) 0.38 1.46 1.15 0.52

Distal lumen diameter 
(4 measurements in mm) 2.02 4.28 2.93 0.96

Proximal wall thickness 
(4 measurements in mm) 1.08 1.37 1.27 0.13

Distal wall thickness 
(4 measurements in mm) 0.32 0.55 0.41 0.10

Height of the calice 
(4 measurements in mm) 4.19 8.45 5.93 1.91

Angle between neighbouring 
corallite axes (2 measurements) 37° 43° 40°  

Number of distinct septa 
(2 measurements) 20 22 21  

Septal density/2 mm (where 
septa are regularly present) 
(2 measurements)

4 6 5  

Calicular angle (3 measurements) 29 32 30.5

Table 2. Comparison of zardinophyllid genera with the main characteristics that allow their distinction.

Zardinopyllid 
genera

Colonial 
or solitary Radial elements Symmetry Endotheca

Zardinophyllum solitary thick, irregular septa; six primary septa, metasepta short, 
unfrequent, discontinuous

septal symmetry radio-
bilateral

occasional 
tabulae

Pachysolenia colonial, 
phaceloid numerous, long, uniformly thin and septa subequal in thickness radial-bilateral built of septa 

of three size orders
rare tabuloid 

elements

Pachydendron colonial, 
phaceloid

very simple septal apparatus; generally twelve septa with two 
cardinal septa that are prominent by their length and strongly 
rhopaloid at their inner end; the other septa are shorter and 

slightly rophaloid

clear bilateral symmetry 
underlined by elongated one, 

or two opposite septa

rare, tabular 
elements

Pachythecalis solitary six thick primary septa, the succeeding septa numerous, thinner 
and shorter, differentiated into 3–4 size orders

radial-bilateral formed by the 
septa of the first order

rare tabuloid 
elements

Cryptosepta colonial, 
phaceloid extremely poorly developed, thick, irregular not observed

rare large 
horizontal 

tabulae

Pachysmilia colonial, 
phaceloid

thin, rather straight, slightly enlarged at the inner border, 
differentiated in length into 2–3 incomplete size orders; in some 
cases, two opposite septa can meet in the center of the corallite

hexameral symmetry, with 
occasional bilateral symmetry 
produced by one or two septa

horizontal, 
complete 
tabulae
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Fig. 4. Hettangian (Early Jurassic) zardinophyllid coral Cryptosepta gen. nov. from Ucel, Ardèche, France. A. Corallite (sample MG156b; MHNG 2013-
39), longitudinal section showing the septa deeply hidden in the corallite. B. Holotype (sample S6b; MHNG 2013-36), longitudinal section (B1), showing 
lateral budding with the parental (p) and daughter corallite (d), tabula (arrow) with septa developed on its upper surface; transverse section (B2), young 
stage of lateral budding with the parental (p) and daughter corallite (d). C. Corallite (sample MG156d; MHNG 2013-41), transverse section, advanced lat-
eral budding stage with the parental (p) and daughter corallite (d). D. Holotype (sample S6a; MHNG 2013-35), longitudinal section (D1), rejuvenescence 
indicated through calicinal aperture retraction (white arrow), which facilitated new septa (grey arrows); transverse section in detail (D2), septa morphol-
ogies: short and thick, which form a “tooth” shape (a) or thinner and curved (b), fine layer (fi) covering the internal part of the theca (ip). E. Holotype 
(sample S6c; MHNG 2013-37), transverse section in detail, fine external epithecal layer (arrow) separated from the massive thecal structure.
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primary septum; the adult stages often have quasi-radial 
symmetry. However, in Cryptosepta, the septa are often not 
clearly visible, and it was difficult to count the septa in the 
corallites. Therefore, it is also difficult to discern information 
about the symmetry.

Compared with the other Liassic genus Pachysmilia 
Melnikova, 1989, Cryptosepta has shorter and thicker septa. 
Nevertheless, Pachysmilia and the Triassic solitary corals 
Pachythecalis Cuif, 1975 and Zardinophyllum Montana-
ro-Galitelli, 1975 all display the same distinctive lamellar 
layer observed in Cryptosepta, which covers the internal the-

ca and septa base. The colonial Triassic coral Pachydendron 
Cuif, 1975 also has more developed septa.
Stratigraphic and geographic range.—Type locality and 
horizon only.

Discussion
Pachythecal corals and the T–J boundary.—In their re-
view on pachythecal coral phylogeny, Stolarski and Russo 
(2001: fig. 6) synthesized the extension of zardinophyllid 
genera (except Pachysmilia) and the stratigraphic range of 
the family that they suggested was exclusively Triassic (even 
if the ideal scope of the family progressed through the T–J 
boundary under a gradualistic interpretation). The Cryp-
tosepta gen. nov. and the poorly known Pachysmilia, discov-
ered by Melnikova (1989) in the Hettangian?–Sinemurian 
reefal facies of the south-eastern Pamir Mountains, change 
our notions on the pachythecal fossil record (Fig. 2).

Between the Late Triassic zardinophyllids and the Late 
Jurassic amphiastreids a large gap is present in the fossil 
record. This is especially true if we consider Middle Jurassic 
Amphiastrea (e.g., Gregory 1900; Pandey and Fürsich 1993) 
as a questionable identification for Connectastrea piriform-
is (Koby 1904–05; Beauvais 1966). Previously, this strati-
graphic gap was only filled by intersmiliids (more precisely 
Intersmilia djartyrabatica  and I. kunteica from the Callovi-
an of Pamir described by Melnikova and Roniewicz 1976). 
Now this gap is finally filled by the Liassic zardinophyllids 
Pachysmilia and Cryptosepta.

These genera comprise corals that appeared after the T–J 
boundary crisis and support the notion that zardinophyllids 
survived this crisis. They are also the earliest known zardi-
nophyllids as no younger corals from this family were inden-
tyfied from subsequent strata. On the other hand, the simple 

Fig. 5. Scheme illustrating the diagnostic parameters that characterise 
Crypto septa nuda gen. et sp. nov.
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morphology of the oldest known Jurassic zardinophyllid and 
the possible mosaic nature of its character states (especial-
ly the different modes of growth) suggest that Cryptosepta 
may be a possible candidate for amphiastreid ancestor. This 
speculative hypothesis is an alternative to the hypothesis 
that Amphiastreidae emerged at the end of the Triassic with 
the genera Sichuanophyllia and Quenstedtiphyllia (Stolarski 
and Russo 2001). Obviously, if Cryptosepta is an ancestor of 
Amphiastreidae, the Triassic amphiastreid phylogeny should 
be reinterpreted. Are they ancestors or dead branches on the 
phyletic tree? How labile are the two-zonal endotheca char-
acteristics, which are present in Donacosmiliidae? Is the sep-
aration between amphiastreids and zardinophyllids justified? 
Currently, it is difficult to answer such questions.

Another Hettangian sample from the Defrance collection 
(housed in University of Caen; Normandy) was initially re-
ferred to as Favosites valoniensis by Defrance (1820) and 
subsequently classified in the genus Amphiastrea by Alloi-
teau in 1950. This coral could be misidentified because it 
does not include marginarium and most likely represents 
Heterastraea.

Post-extinction morphology of Cryptosepta.—As sugges-
ted by the genus name, Cryptosepta gen. nov. has cryptic 
septa; this coral extends the boundaries of post-Palaeozoic 
coral disparity and could represent a textbook example of 
the unpredictable evolutionary pathways and possible re-
sulting shapes. We knew pachythecalid corals with absent 
or poorly developed septa in the distal parts, such as Pseu-
dopisthophyllum eliasovae (Kołodziej 2003) Latusastrea 
or Zardinophyllum, but such a weak development of the 
septal apparatus in a post-Palaeozoic coral is something we 
believe to be new for science. This near absence of septa, 

is interpreted in terms of complexity; the quasi-suppression 
of the septa is a clear shape simplification process. A com-
parable simplification was reported by Guex (2006) in the 
post-extinction fossil records for certain cephalopod and 
silicoflagellate lineages, which is related to an evolutionary 
response to environmental stress. Cryptosepta gen. nov. is 
a new example of the Guex’s (2006) concept of reinitial-
ization of the evolutionary clocks. At the T–J boundary in 
corals this reinitialization produced an oversimplified and 
paedomorphic shape in the pachythecal coral lineage. An 
additional more radical way to simplify the coral skeleton 
shape is to entirely suppress the skeleton, which is “naked 
Lazarus effect”, currently an attractive assumption for spec-
ulations (Stanley 2003; 2011).

Complexity as an aspect of evolution has long been a 
matter of debate for evolution since Lamarck (1809) in part 
at least because it is challenging even to define complexity 
(Adami 2002; Waldrop et al. 2008). Thus, a fractal dimen-
sions analysis was used as a proxy to compare and quanti-
fy the corallite shape of different zardinophyllids genera. 
We followed the protocol was detailed by Martin-Garin et 
al. (2007) which resulted in a plot presented in Fig. 7. As 
expected, Cryptosepta is clearly less complex than almost 
all the other zardinophyllid genera. However, the genus 
Zardinophyllum is an exception because it has similar fractal 
dimension values. Thus, this coral is the least complex Tri-
assic zardinophyllid. Despite a report of an Anisian Zardi-
nophyllum by Senowbari-Daryan (1993), later reiterated by 
Lathuilière and Marchal (2009), we rather consider this as a 
misidentification (Jarosław Stolarski, personal communica-
tion 2013). Then we cannot ascertain that the simple shape 
of Zardinophyllum results from its post extinction Permian–
Triassic origin.
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Analogously, the Recent zooxanthellate species Guynia 
annulata Duncan, 1872 has an aseptal early initial stage in on-
togeny and also septa that are located deeply inside the calice 
(Stolarski 2000). Molecular analyses suggest that this coral 
is not particularly ancient and the earliest fossil forms were 
recorded from the Miocene (Cairns and Wells 1987; Stolarski 
2000). The depth interval in which this species is found varies 
from 3 to 653 m (Cairns 1989; Stolarski 2000) but in the shal-
lower settings G. annulata develop in cryptic environments 
(Zibrowius 1980; Stolarski 2000). It is maybe these specific 
environmental conditions that induced the specific morpholo-
gy of G. annulata. This example suggests that an oversimpli-
fied morphology is not necessarily indicative of reinitialization 
of the evolutionary clocks after an important mass extinction 
event and that the morphology of Cryptosepta was perhaps a 
response to the specific environmental conditions.

Obviously the way in which simple shapes, their record, 
the potential stress initiators and the mass extinction are re-
lated need more documented examples.

Conclusions
We report a new genus of coral identified in the Hettangian 
of Ardèche department (southern France). Given its poorly 
developed septa, it is referred to as Cryptosepta gen. nov. 
Cryptosepta is a pachythecal coral classified in the fami-
ly Zardinophyllidae. Its Hettangian age and its relevance 
to zardinophyllid corals support the notion that this family 
survived the T–J boundary crisis. Cryptosepta is considered 
a potential ancestor for Late Jurassic amphiastreids. By its 
oversimplified morphology with cryptic septa, this genus is 
the first plausible example of post-crisis reinitialisation of the 
evolutionary clock in corals.

Acknowledgements
The reviewers George D. Stanley, Jr. (University of Montana, Missou-
la, USA) and Bogusław Kołodziej (Jagiellonian University, Kraków, 
Poland) are thanked for their helpful suggestions and comments, which 
improved this manuscript. Thanks to Vincent Huault (Université de 
Lorraine, Nancy, France) for suggesting the new genus name. This con-
tribution is a part of an international collaboration aimed at evaluating 
palaeontological renewal through time and space as well as palaeo-
ecologic and palaeogeographic evolution of coral/reefal communities 
spanning the latest Triassic to Early Jurassic times (research funded by 
the National Swiss Science Foundation grant 200021-130238 to RM).

References
Adami, C. 2002. What is complexity? BioEssays 24: 1085–1094.
Alloiteau, J. 1950. Types et échantillons de polypiers de l’ancienne col-

lection Defrance. Mémoires du Muséum National d’Histoire Naturelle 
numéro spécial série C 1 (2): 105–148.

Beauvais, L. 1966. Etude des madréporaires jurassique du Sahara tunisien. 
Annales de paléontologie (invertébrés) 52: 157–180.

Cairns, S.D. 1989. A revision of the ahermatypic Scleractinia of the Philip-
pine Islands and adjacent waters. Part I: Fungiacyathidae, Micrabaci-
idae, Turbinoliinae, Guyniidae, and Flabellidae. Smithsonian Contribu-
tions to Zoology 486: 1–94.

Cairns, S.D. and Wells, J.W. 1987. Neogene paleontology in the northern 
Dominican Republic. 5. The suborders Caryophylliina and Dendrophyl-
liina (Anthozoa: Scleractinia). Bulletins of American Paleontology 93: 
23–43.

Cuif, J.-P. 1975. Caractères morphologiques, microstructuraux et systéma-
tiques des Pachythecaliidae nouvelle famille de Madréporaires Tria-
siques. Geobios 8: 157–180.

Cuif, J.-P. 1980. Microstructure versus morphology in rhe skeleton of Tri-
assic scleractinian corals. Acta Palaeontologica Polonica 25: 361–374.

Defrance, 1820. Favosites. In: F.G. Levrault (ed.), Dictionnaire des scienc-
es naturelles 16, 298. Le Normant, Paris.

Dumont, T. 1998. Sea-level changes and early rifting of a European 
Tethyan margin in the western Alps and southeastern France. SEPM 
Special Publications 60: 623–640.

Eliášová, H. 1978. La redéfinition de l’ordre Hexanthiniaria Montanaro- 
Gallitelli, 1975 (Zoantharia). Vĕstnik ústředniho ústavu geologického 
53: 89–101.

Elmi, S. 1986a. Evolution historique et dynamique de la marge ardèchoise 
pendant le Mesozoique. Géologie profonde de la France. Editions du 
Bureau de Recherches Géologiques et Minières 11: 13–50.

Elmi, S. 1986b. Le Jurassique inférieur du Bas Vivarais (Sud-Est) de la 
France. Cahiers de l’Institut Catholique de Lyon, série Sciences 1: 
163–189.

Elmi, S. 1990. Stages in the evolution of Late Triassic and Jurassic carbon-
ate platforms: The western margin of the Subalpine Basin (Ardèche, 
France). In: M.E. Tucker, J.L. Wilson, P.D. Crevello, J.R. Sarg, and J.F. 
Read (eds.), Carbonate Platforms: Facies, Sequences and Evolution, 
109–144. International Associations of Sedimentologists, Oxford.

Elmi, S. and Mouterde, R. 1965. Le Lias inférieur et moyen entre Aubenas 
et Privas (Ardèche). Travaux du laboratoire de géologie de la faculté 
des sciences de Lyon 12: 143–246.

Elmi, S. and Rulleau, L. 1993. Le Jurassique du Beaujolais méridional, 
bordure orientale du Massif Central, France. Geobios 26 (supplé-
ment 1): 139–155.

Elmi, S., Cassel, Y., Almeras, Y., and Dromart, G. 1993. Groupe français 
d’étude du Jurassique: le Jurassique de la bordure vivaro-cévenole 
entre Saint-Amboix et La-Voulte-Sur-Rhône. 19 pp. Unpublished Field 
Guide, Université Cl. Bernard de Lyon 1, Lyon.

Fedorowski, J. 1997. Rugosa and Scleractinia—a commentary on some 
methods of phylogenetic reconstructions. Acta Palaeontologica Po-
lonica 42: 446–456.

Gregory, J.W. 1900. Jurassic fauna of Cutch. The corals. Memoirs of the 
Geological Survey of India. Palaeontologica Indica, Series 9 2 (2): 
1–195.

Gretz, M., Lathuilière, B., Martini, R., and Bartolini, A. 2013. The Het-
tangian corals of the Isle of Skye (Scotland): An opportunity to better 
understand the palaeoenvironmental conditions during the aftermath 
of the Triassic–Jurassic boundary crisis. Palaeogeography, Palaeocli-
matology, Palaeoecology 376: 132–148.

Guex, J. 2006. Reinitialization of evolutionary clocks during sublethal en-
vironmental stress in some invertebrates. Earth and Planetary Science 
Letters 242: 240–253.

Kiessling, W., Aberhan, M., Brenneis, B., and Wagner, P.J. 2007. Extinction 
trajectories of benthic organisms across the Triassic–Jurassic boundary. 
Palaeogeography, Palaeoclimatology, Palaeoecology 244: 201–222.

Kiessling, W., Roniewicz, E., Villier, L., Léonide, P., and Struck, U. 2009. 
An early Hettangian coral reef in southern France: implications for the 
end-Triassic reef crisis. Palaios 24: 657–671.

Koby, F. 1888. Monographie des polypiers jurassiques de la Suisse. 
Mémoires de la Société Paléontologique Suisse 15: 401–456.

Koby, F. 1904–1905. Description de la faune jurassique du Portugal. 
Polypiers du jurassique supérieur. 167 pp. Commission du Service 
Géologique du Portugal, Lisbonne.

Downloaded From: https://bioone.org/journals/Acta-Palaeontologica-Polonica on 18 Apr 2024
Terms of Use: https://bioone.org/terms-of-use

http://dx.doi.org/10.1002/bies.10192
http://dx.doi.org/10.5479/si.00810282.486
http://dx.doi.org/10.1016/S0016-6995(75)80035-0
http://dx.doi.org/10.1016/j.palaeo.2013.02.029
http://dx.doi.org/10.1016/j.epsl.2005.12.007
http://dx.doi.org/10.1016/j.palaeo.2006.06.029
http://dx.doi.org/10.2110/palo.2009.p09-030r


286 ACTA PALAEONTOLOGICA POLONICA 60 (2), 2015

Kołodziej, B. 1995. Microstructure and taxonomy of Amphiastreina 
(Scleractinia). Annales Societatis Geologorum Poloniae 65: 1–17.

Kołodziej, B. 2003. Scleractinian corals of suborders Pachythecaliina and 
Rhipidogyrina (Scleractinia): discussion on similarities and descrip-
tion of species from Štramberk-type limesones, Polish Outer Carpathi-
ans. Annales Societatis Geologorum Poloniae 73: 193–271.

Kołodziej, B., Ivanov, M., and Idakieva, V. 2012. Prolific development 
of pachythecaliines in Late Barremian, Bulgaria: coral taxonomy and 
sedimentary environment. Annales Societatis Geologorum Poloniae 
82: 291–330.

Lamarck, J.-B.P.-A. 1809. Philosophie zoologique. Reedition 1984. 718 pp. 
Flammarion ed., Paris.

Lathuilière, B. and Marchal, D. 2009. Extinction, survival and recovery 
of corals from the Triassic to Middle Jurassic time. Terra Nova 21: 
57–66.

Martin, D. 1984. Modalités de la transgression Retho-Hettangienne sur 
la bordure vivaro-cévenole, dans le sous-bassin d’Aubenas (Ardèche). 
Etude sédimentologique et séquentielle, paléoécologie, paléogéogra-
phie. 157 pp. Unpublished Ph.D. Thesis, Université Cl. Bernard de 
Lyon 1, Lyon.

Martin-Garin, B., Lathuilière, B., Verrecchia, E., and Geister, J. 2007. Use 
of fractal dimensions to quantify coral shape. Coral Reefs 26: 541–550.

Melnikova, G.K. 1989. On the new findings of Early Jurassic scleractin-
ians in the southeastern Pamir [in Russian]. In: M.R. Djalilov (ed.), 
Novye vidy fanerozojskoj fauny i flory Tadžikistana, 71–83, 220–221. 
Akademiâ Nauk Tadžikskoj SSR, Institut Geologii, Dušanbe.

Melnikova, G.K. and Roniewicz, E. 1976. Contribution to the systematics 
and phylogeny of Amphiastraeina (Scleractinia). Acta Palaeontologi-
ca Polonica 21: 97–114.

Montanaro-Gallitelli, E. 1975. Hexanthiniaria a new ordo of Zoantharia 
(Anthozoa, Coelenterata). Bolletino della Societa Paleontologica Ital-
iana 14: 21–25.

Morycowa, E. 2012. Corals from the Tithonian carbonate complex in the 
Dąbrowa Tarnowska-Szczucin area (Polish Carpathian Foreland). An-
nales Societatis Geologorum Poloniae 82: 1–38.

Oliver, W.A., Jr. 1980. On the relationship between Rugosa and Scleractin-
ia (Summary). Acta Palaeontologica Polonica 25: 395–402.

Pandey, D.K. and Fürsich, F.T. 1993. Contributions to the Jurassic of 
Kachchh, Western India. The coral fauna. Beringeria 8: 3–69.

Rittel, J.F. and Stanley, G.D., Jr. 1993. Enhanced skeletal details and dia-
genetic processes of Triassic corals revealed by cathodoluminescence. 
Courier Forschungsinstitut Senckenberg 164: 339–346.

Roniewicz, E. 2008. Kimmeridgian-Valanginian reef corals from the Moe-
sian platform from Bulgaria. Annales Societatis Geologorum Poloniae 
78: 91–134.

Roniewicz, E. and Stolarski, J. 2001. Triassic roots of the amphiastreid 
scleractinian corals. Journal of Paleontology 75: 34–45.

Scrutton, C.T. and Clarkson, E.N.K. 1991. A new scleractinian-like coral 
from the Ordovician of the Southern Uplands, Scotland. Palaeontol-
ogy 34: 179–194.

Senowbari-Daryan, B., Zühlke, R., Bechstädt, T., and Flügel, E. 1993. Ani-
sian (Middle Triassic) buildups of the Northern Dolomites (Italy): The 
recovery of reef communities after the Permian/Triassic Crisis. Facies 
28: 181–256.

Stanley, G.D., Jr. 2003. The evolution of modern corals and their early 
history. Earth-Science Reviews 60: 195–225.

Stanley, G.D., Jr. 2011. The naked Lazarus effect and the recovery of cor-
als after the end-Permian mass extinction. Kölner Forum für Geologie 
und Paläontologie 19: 164–165.

Stolarski, J. 1996. Gardineria—a scleractinian living fossil. Acta Palaeon-
tologica Polonica 41: 339–367.

Stolarski, J. 1999. Early ontogeny of the skeleton of Recent and fossil 
Scleractinia and its phylogenetic significance. Abstracts of the 8th In-
ternational Symposium on Fossil Cnidaria and Porifera, 37. Tohoku 
University, Sendai.

Stolarski, J. 2000. Origin and phylogeny of Guyniidae (Scleractinia) in the 
light of microstructural data. Lethaia 33: 13–38.

Stolarski, J. and Roniewicz, E. 2001. Towards a new synthesis of evolu-
tionary relationships and classification of Scleractinia. Journal of Pa-
laeontology 75: 1090–1108.

Stolarski, J. and Russo, A. 2001. Evolution of the post-Triassic pachythecali-
ine corals. Bulletin of the Biological Society of Washington 10: 242–256.

Stolarski, J., Kitahara, M.V., Miller, D.J., Cairns, S.D., Mazur, M., and 
Mzeibom, A. 2011. The ancient evolutionary origins of Scleractinia re-
vealed by azooxanthellate corals. BMC Evolutionary Biology 11: 316.

Tanner, L.H., Lucas, S.G., and Chapman, M.G. 2004. Assessing the re-
cord and causes of Late Triassic extinctions. Earth-Science Reviews 
65: 103–139.

Waldrop, M.M., Pearson, H., Check Hayden, E., Schiermeier, Q., Baker, 
M., Brumfiel, G., and Ledford, H. 2008. Language: Disputed defini-
tions. Nature 455: 1023–1028.

Zibrowius, H. 1980. Les scléractiniaires de la Méditerranée et de l’Atlan-
tique nord-oriental. Mémoires de l’Institut Océanographique, Monaco 
11: 1–284.

Downloaded From: https://bioone.org/journals/Acta-Palaeontologica-Polonica on 18 Apr 2024
Terms of Use: https://bioone.org/terms-of-use

http://dx.doi.org/10.1111/j.1365-3121.2008.00856.x
http://dx.doi.org/10.1007/s00338-007-0256-4
http://dx.doi.org/10.1666/0022-3360(2001)075<0034:TROTAS>2.0.CO;2
http://dx.doi.org/10.1007/BF02539736
http://dx.doi.org/10.1016/S0012-8252%2802%2900104-6
http://dx.doi.org/10.1080/00241160050150276
http://dx.doi.org/10.1666/0022-3360%282001%29075%3C1090:TANSOE%3E2.0.CO;2
http://dx.doi.org/10.1186/1471-2148-11-316
http://dx.doi.org/10.1016/S0012-8252%2803%2900082-5
http://dx.doi.org/10.1038/4551023a



