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Highlights
* Resemblance dfenicostitesusticuswith Hemihoplitidae is a case of homeomorphy.
* The numerous reported occurrences of Hemihoplitovee the world are reviewed.
» Pareto-optimal solution explains homeomorphy of tleenihoplitid-like’
morphology.
* Homeomorphitinae subfam. nov. and Shasticrioceaatidm. nov. are proposed.

* Lenicostitegs a victim of the Gause Principle in favour o# tHemihoplitinae.
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Hemihoplitidae evolution is well documented in tharth-west Tethyan margin at the lower
upper Barremian. In this context, the geriusnicostitesgen. nov. I(. rusticug, with
‘hemihoplitid-like’ morphology, is unexpected besauof its age older than the earliest
Hemihoplites and its evolutionary stasis that contrasts witle tlapid changes of the
Hemihoplitidae. Data show no connection between iHepiitidae and Lenicostitidae fam.
nov. and the resemblance is homeomorphy. The nwwereported occurrences of
Hemihoplitinae over the world are reviewed. Theitical revision shows that some of them
are contradictory with the evolutionary history tie group. The ‘hemihoplitid-like’
morphology is iterative in several taxa without grtyyletic links (homeomorphy). Reasons
could be linked to the morphospace occupationeénztine of maximum equilibrium between
different constraints (a Pareto-optimal solutiomaking such morphology effortless to
reproduce. The Austral Homeomorphitinae subfam. . ndwith Homeomorphites
aguirreurretae gen. nov. et sp. nov.) are assigned to the Nedmaai A phyletic link
betweenShasticriocerasand Antarcticocerasis suggested (Shasticrioceratidae fam. nov.).
Until proven otherwise, there is no Hemihoplitimagside the north and west margins of the
Tethys (including the Essaouira Basirflomeomorphy between Hemihoplitinae and
Lenicostitidae fam. nov. is explored and convergeseems the most convincing hypothesis.
The further appearance ofamereiceras (Hemihoplitinae) could establish favorable
conditions for interspecific competition, and theagppearance dfenicostiteggen. nov. could
be interpreted as a complete competitive replacemerthis hypothesid enicostitesgen.

nov. is a victim of the Gause Principle as it lib&t Red Queen race.

Key-words: ammonites; Early Cretaceous; homeomorphy; competisystematics; Pareto-

optimal solution.



50 1. Introduction

51

52 The family Hemihoplitidae Spath, 1924a is a keyradat of the marine early late Barremian
53 ammonite fauna because of its very rapid evoludod diversification, to the extent that
54  successive representatives of this family are uséae definition of a number of stratigraphic
55 horizons (Fig. 1). In the context of the North Tgth margin, this family develops three
56 major trends, materialized into three subfamilidg:the Gassendiceratinae Bert et al., 2006
57 appear in theloxancyloceras vandenhenclk&ibzone and represent the stem of the whole
58 group (following Bert and Bersac, 2014, this sulifgmactually would appear in the early
59 Barremian in the proto-Altantic context of the Essiga Basin, Morocco, witbassendiceras
60 essaouiraeBert and Bersac, 2014); (2) the Peirescinae Beat.£2006, which connect with
61 the Douvilleiceratoidea Parona and Bonarelli, 188§¥anning theGassendiceras alpinuno

62 Imerites giraudisubzones); and (3) the Hemihoplitinae Spath, 19&&h are derived from
63 the genussassendiceraBert et al., 2006 (Gassendiceratinae) at the tdpedGassendiceras
64 alpinum Subzone. The older Hemihoplitinae speci€arereiceras breistroffer{Sarkar,

65 1955) andC. marchandiBert et al., 2006] retain some characters from@hesendicerag1)

66 the ontogenetic stages (the Heberti, BarremenseCamdereiceras stages — see Bert et al.,
67 2013 for an extensive description); (2) ornameatatiwith differentiated ribs; (3)
68 trituberculate main ribs; (4) general morphologythwiuncoiled shell. Later, in the
69 Camereiceras limentinuSubzone, the dimorphic gen@amereiceraDelanoy, 1990a has
70 always its whorls in contact. It gives rise to generaPachyhemihopliteBelanoy, 1992 and
71 HemihoplitesSpath, 1924a. The evolution Bemihoplitesshows a progressive reduction of
72 the tubercles with, in stratigraphic ordel,cornagoaeBert et al., 2006. astarte(Fallot and

73 Termier, 1923) and finallyl. feraudianug(d’Orbigny, 1841). The latter is morphologically
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simplified with weak tubercles (two rows only) ihetH. feraudianusSubzone, where the

Hemihoplitinae disappear.

This systematic and evolutionary framework is n@hatively well known and restricted to
the northern Tethyan margin between @ealpinumandH. feraudianussubzones (early late
Barremian — see Bert, 2012a, 2014a, 2014b; BertBansgac, 2013, 2014; Bert et al., 2013).
In this context, the discovery of new ammonite speas with simplified morphology very
close toHemihoplites feraudianuim the lower part of the upper Barremian of thecbiatian
Basin (Barremian stratotype area, southeasternc€yars totally unexpected. These are not
only present two ammonites subzones (three if densig their appearance) before the
appearance of the firdd. feraudianus but their appearance is also clearly anterioth®
oldest known Tethyan Hemihoplitinae. These ammerate described here in detail; they are
related to the hitherto poorly known speckésmihoplites rusticug/ermeulen, 1996. Their
study suggests that they probably do not belongemihoplitidae and we propose the new

genuslLenicostiteggen. nov. and the new family Lenicostitidae newnf

A review of the literature shows that this typesitbiation is not exceptional in the Lower
Cretaceous: many occurrences of Hemihoplitinae hmeen reported all around the world,
always with specimens of simplified morphology, lehtheir geographical occurrence are
sometimes very far between them and the Tethyanaoorn disparate stages from

Valanginian to Aptian. Systematics, based on matatips between morphology, ontogeny,
stratigraphy and paleobiogeographical data helipame their taxonomy; it appears that most
of them are not Hemihoplitidae. Hypothesis aboutyl@denetic relationships and

paleoecology of these ammonites are consideredeveral new taxa have to be introduced:
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the Homeomorphitinae subfam. nov., witomeomorphiteggen. nov. (type-speciesio.
aguirreurretaegen. nov. et sp. nov.), and Shasticrioceradidixe ifev.

Finally, several hypotheses about the phyletictmrsbf Lenicostitegyen. nov. are discussed,
which rise questions about homeomorphy and itsesa(onvergence, parallelism or iterative
evolution), interspecific competition, competitikeplacement, and Red Queen theory applied

to these ammonites.

2. Material

This study focuses on the discovery of new matefidhe extremely rare genlgnicostites
gen. nov. These fossils are from four bed-by-bedpéad stratigraphic sections in the south-
east of France (Alpes de Haute-Provence and AlpastiMes), two of them located in the
immediate vicinity of the Barremian historical sbtype of the Angles road (sections A’ and
A%), and the others located in the Arc of Castadldretween Rougon and Vence (sections
MAN and TAI). Part of this area belongs to the pobéd perimeter of the Geological
National Nature Reserve of Haute-Provence (RNNGHw®anaged by the Departmental
Council of the Alpes de Haute-Provence on behalthef French State. All the collected
material is curated by the RNNGHP.

The stratigraphic framework used for the North JathBarremian in this work was proposed
by the 1.U.G.S Lower Cretaceous ammonite workingugr(the Kilian Group — Reboulet et
al., 2018). This framework is completed by sevavarks, which helped to reach a high
stratigraphic precision level (Fig. 1): for the Banian (Bert et al., 2008; Bert and Delanoy
2009; Bert et al., 2010, 2011 and 2018), Hautemii@ompany et al., 2003; Matamales-
Andreu and Company, 2019) and Aptian (Bersac amd B#&12). For local zonations, the

following works were used to make correlations: giUrreta et al. 2007a (Chile and
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Argentina), Aguirre-Urreta, 2002, Aguirre-Urretaat, 2007b, Riccardi, 1988 and Riccardi
and Medina, 2008 (Patagonia), Murphy, 1975 (Calitr. The terminologies used in this
paper (biostratigraphy and chronostratigraphy escgronology) respect the standards of the

International Commission on Stratigraphy (Salvadog84).

3. Geological setting and sections studied

During the Mesozoic Era, the Vocontian Basin (seedbt of France) was a large subsident
intracratonic area opened towards the Alpine oc&hae. sedimentary basin is now bordered
by the Mediterranean Sea (south), the Jura (nattile) Massif Central (west) and the Alps
(east). The Barremian, in the stratotype area (és)gtlepartment of the Alpes de Haute-
Provence), is characterized by pelagic sedimemiatith an alternation of 0.10—-1m thick
marlstones and limestones. The outcrops are uswdllgood quality with continuous
sedimentation and abundant fossils, with dominaofcne ammonites. However, the lower
upper Barremian in this area, and especiallyTtbgancyloceras vandenheck&ne and the
most part of th&assendiceras alpinuBubzone, contain very few macrofossils and thes bed

require long time sampling.

3.1. Pelagic sections A* and A’

The section A* was described and figured by Be@l1lgb) and Bert et al. (2018). It
corresponds to the complementary section to theeBaan historical stratotype of the Angles
road (section A). In section A, the lower part bé tupper Barremianl( vandenheckend
Gerhardtia sartousianaones) is poorly exposed because of growth faldtsdisrupt the bed

successions (see more explanations in Bert, 20d.28). Given these difficulties the new
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reference section A*, in the immediate lateral oanity of the stratotype, allows to make
good study of these beds. Section A’ is anotherptementary section in the adjacent hill to
the Barremian stratotype. For thievandenheckeéubzone, the bed succession is the same in

the both sections A’ and A*.

3.2. Neritic sections MAN and TAI

Section MAN was reported by Cotillon (1971). Itd®se to the section SO in the Rougon
area, which was described previously (Bert et2dl13, p. 359-361, text-fig. 8). Section TAI
was described and figured in a previous work (Bedl., 2013, p. 361-362, text-fig. 9). This
area is part of the neritic domain in the southéocontian platform border, which is rich in
glauconite, benthic faunas and cephalopods. Sedat@m rates are usually low and
discontinuous with some episodes of condensatiodnsadimentary gaps (sedimentation in a
system of tilted blocks); despite of this, the bbdaefit from a good stratigraphic attribution

given their abundant ammonite content.

4. Descriptive palaeontology

Class: Cephalopoda Cuvier, 1798
Order: Ammonoidea Agassiz, 1846
Suborder: Ancyloceratina Gill, 1871
Superfamily: Ancyloceratoidea Gill, 1871
Family: Lenicostitidae fam. nov.

Type genusThis family is currently monotypic, withenicostiteggen. nov.
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Discussion.It is undeniable that Lenicostitidae fam. nov. arerphologically very close to
Hemihoplitinae, and especially téemihoplites feraudianu@’Orbigny, 1841) and the adult
microconchs ofCamereiceras marchandand C. limentinus with smooth simple ribbed
ontogenetic stage on body chamber. However, tred @disence of the ontogenetic stages
common to all Hemihoplitidae, which are lacking én¢see description below), but also the
stratigraphic position of the oldest representatioé the genud.enicostitesgen. nov. is
problematic.Lenicostitesgen. nov. appears long before the cladogenesisebeat the first
Camereiceras(the direct ancestor dflemihoplite3 and the genu$assendicergswhich
occurs in the late part of ti@assendiceras alpinurBubzone (Fig. 1)Lenicostites rusticus
(Vermeulen, 1996) gen. nov. appears in southeastemnce from the middle part of tAe
vandenheckeSubzone, at the same time as the fdassendicerasf the G. cf. essaouirae
Bert and Bersac, 2014 group that migrate to théhmastern Tethyan margin from Moroccan
representatives (see Bert and Bersac, 2014; Comgtaaly, 2008). There is no argument to
indicate a link betwee®assendiceraandLenicostiteggen. nov., which have a very different
morphology, and above all a very different ontoggege the discussion of the genus
Lenicostiteggen. nov.). In this context, it is not possiblartolude the genukenicostiteggen.
nov. into the family Hemihoplitidae, which would k®athis family polyphyletic; family
Lenicostitidae fam. nov. is thus proposed. Pendimg data, this family is currently classified
into the Ancyloceratoidea superfamily, a positi@inforced by the presence of a widely

perforated umbilicus (Vermeulen, 1996, pl. 3, 6y.

GenusLenicostiteggen. nov.
Denomination From latinlenis, which means smooth (here smooth ribs).
Type-specied._enicostites rusticuévermeulen, 1996) gen. nov.

Specific contenLenicostitegyen. nov. is currently monospecific.



197

198

199

200

201

202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

Geographic occurrencelenicostitesgen. nov. is known in southeastern France, both in
basinal and platform area.

Stratigraphic occurrencelenicostitesgen. nov. is currently known to be preseantseveral
occurrences in the lower upper Barremian (Fig L)} i the middle part of thel.
vandenheckeSubzone in association witfoxancyloceras ebbdelanoy, 2003 (see Bert et
al., 2018, fig. 5 for the stratigraphical occurrenaf this species) an@assendicera<f.
essaouirag(2) in the upper part (non-terminal) of tle alpinumSubzone associated with
numerous Barremitidae [the ‘bed with littBarremites of Cotillon, 1971, Vermeulen, 1996
and Bert, 2009; these Barremitidae have a morplyoldgse to Nikolovites charrieri
(d’Orbigny, 1841)]. And (3) in th€amereiceras limentinudorizon.

Note thatl. rusticusgen. nov. was used by Vermeulen (1998a, 1998b¢fioe an ammonite
horizon in the upper part of thBoxancyloceras vandenheck&ne. Although this horizon
was no longer used later (see Vermeulen, 2003)dideovery ofL. rusticusgen. nov. in a
very wide range renders its use impossible in higolution biostratigraphy.

Diagnosis Medium sized genus (up to D=140 mm) with slightlyerlapping planispiral
whorls. Umbilicus wide and shallow, perforated lire innermost whorls. Subcircular whorl
section, quite thick, which tends to heighten vgtbwth. Convex flanks, periventral margin
very rounded that gradually passes to the roundeatev. Abrupt peri-umbilical wall.
Ornamentation consisting of ribs most often simpladifferentiated, thick, radial to slightly
retroverse, sometimes a little sinuous but witiotrming an inflection on the venter. Thinner
intercalary ribs, which do not always reach theebafsthe flanks; they are only present on the
robust morphology of the species. In the inner ughdhe ribs are uniformly wide from the
base to the top of the flanks and on the vented,avhile on the outermost whorls they widen

from the upper quarter of the flanks and on theereriReinforcements of the ribs are visible
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at the base and at the top of the flanks; theyna@nspicuous without ever forming a tubercle
and they are more developed in the periventral pbtiee body chamber.

Discussion By their morphological and ornamental charactiesstthe representatives of
Lenicostitesgen. nov. have been reported in the subfamily Hepiitinae (Hemihoplitidae)
in the literature (Elemihoplites rusticysin Vermeulen, 1996; Klein et al., 2007).
Morphologically, this genus undeniably recails feraudianus(d'Orbigny, 1841), which is
the least tuberculate speciesHdmihoplites(compare Fig. 2, 3 with Fig. 4). However, in
Lenicostiteggen. nov., the whorl section is rounded, wheraas. iferaudianughe flanks are
systematically flatter with a well-defined ventralrea. On terms of ornamentation,
bifurcations are very common at the base of thek#an H. feraudianus whereas they are
almost absent ith. rusticusgen. nov. The intercalated ribs are likewise vaych rarer in
Lenicostiteggen. nov. But above all, in the latter, the ribs @dial with a slightly retroverted
tendency, whereas . feraudianughe tendency is for the projection towards thatfiaf the
shell. Finally, in the inner and middle whorls ldf feraudianus the ribs bear true small
punctiform tubercles at the base and at the tapeflanks, contrary th. rusticusgen. nov.
(see below the chapter description and ontogeoésisrusticusgen. nov.). Note that the first
representatives df. rusticusgen. nov. and the firddl. feraudianusare separated by more
than three ammonite subzones (Fig. 1).

All the other species belonging to the differenhg@@ of Hemihoplitinae Hemihoplites
Camereiceras Pachyhemihoplitgs and Peirescinae Spinocrioceras Kemper, 1973,
Peirescites Bert et al.,, 2006) systematically have a diffeisetd ornamentation with
trituberculate main ribs, which is never the caselLenicostitesgen. nov. However in this
context, Lenicostitesgen. nov. recalls the adult morphology (stage sitiooth ribs, only
present on body chamber) of tRachyhemihopliteand Camereicerasnicroconchs [see for

example the microconch morphologgnus Thieuloy, 1979 ofPachyhemihoplites gherti
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(Sarkar, 1955)Camerecicerasnarchandj or C. limentinusThieuloy, 1979 — Fig. 5B-C]. In
all cases, the ribs tendency is to retroversiohanicostitesgen. nov., and in contrast to the
forward projection in Hemihoplitinae.

Compared with Lenicostites gen. nov., the Gassendicerating@assendiceras and
Pseudoshasticriocerd3elanoy, 1998 are large sized heteromorphs wittelyidifferentiated
ribs. Generally, one does not recognize_emicostitesgen. nov. the ontogenetic stages, or
their derivatives, common in all Hemihoplitidae €theberti, Barremense, etc., stages; see
Bert et al., 2006, 2010 and 2013). Conversely daicostitesgen. nov., trituberculate ribs
(prolonged by spines) are strongly present in theséndicaratinae.

Apart from Hemihoplitidae, some robudiartelites Conte, 1989 have a morphology close to
Lenicostitesgen. nov. In addition to a much more recent adarielites sarasiniSubzone),
the genusVartelites Conte, 1989 (Heteroceratidae Spath, 1922) showsgybelical whorls,
which is never the case irenicostiteggen. nov., and a relationship between these twerge

is therefore totally excluded.

Patagonian ammonites classified lemihoplites(H. ploszkiewicziRiccardi and Aguirre-
Urreta, 1989H. varicostatusRiccardi and Aguirre-Urreta, 1989 ahd feraudianusAguirre-
Urreta, 2002 non d’Orbigny, 1841 — hétemeomorphitegen. nov., see below chapter 5.8)
by Riccardi and Aguirre-Urreta (1989) and Aguirrerdia (2002), are morphologically close
to Lenicostites rusticugen. nov. because of the lack of tubercles and gkeeeral appearance
(coiling). However, their ornamentation is diffetdsecause of the numerous bifurcations of
the ribs, their flexuous appearance from the irwleorls of the shell, the higher presence of
intercalary ribs, and what looks like to rare renckd ribs, low constrictions, or even ‘zigzag’
stages on the ventral area (perisphinctoid chasjct€éhe whorl section iHomeomorphites
gen. nov. is also different with more angulous +joenbilical and peri-ventral margins. The

adult size is larger in the upper Barremian spdd@seomorphiteaguirreurretaegen. nov.
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et sp. nov., which have a different ontogeneticettgsment with the presence of a smooth
adult stage, absent ipenicostites rusticugen. nov. Finally, in the oldest species of this
group,Homeomorphiteploszkiewiczgen. nov., the ornamentation is much denser thén i

rusticusgen. nov.

Lenicostites rusticu§/ermeulen, 1996) gen. nov.

Figs. 2, 3

v 1996Hemihoplites rusticusp. nov.; Vermeulen: p. 67-68; pl. 3, figs. 2-5.

v 1998aHemihoplites rusticu¥’ermeulen, 1996; Vermeulen: pl. 4, figs. 7-8.

Holotype Specimen No. 4141351 of the J. Vermeulen’s ciaqsee Vermeulen, 1996, pl.
3, fig. 2-5, refigured here in Fig. 2A).

Type locality The Saint-Martin ravine, near Escragnolles (eption VM — Alpes-
Maritimes, southeastern France).

Type horizonBed VM/20 of the type section, which also delss@nany smalBarremites
The bed 19 deliveredlToxancyloceras vandenheckéAstier, 1851) andT. bailense
(Vermeulen, 1996). In the same area, an equivabet also deliveredsassendiceras
multicostatum(Sarkar, 1955) ané. alpinum (d'Orbigny, 1850) (Bert et al., 2013, 2018).
These faunas indicate the lower half of Thevandenhecke&done {I. vandenheckebubzone
andG. alpinumHorizon at the base of tl&. alpinumSubzone). The bed 21a delivered some
Gassendiceras quelquejeBert et al. 200qunpublished data) of the top of tie alpinum
Subzone. Thus, the bed 20 is constrained in theteromnal upper part of th&. alpinum
Subzone. This bed corresponds to the level 10BeoMajastre crop-section described by Bert
(2009).

Geographic occurrencel he same as the genus.

Stratigraphic occurrencelThe same as the genus.
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Material studied (N=8) Four specimens are from the Barremian stratogyea in the
Vocontian Basin (Alpes de Haute-Provence, soutbeadtrance), from bed A*/149-3 (No.
RNNGHP.DBT.04007-A*/149-3.AX95 and RNNGHP.DBT.04087/149-3.BA54 — Fig.
2E) and A’/149-4 (No. RNNGHP.DBT.04007-A’/149-4.Q)4— Fig. 2B - and
RNNGHP.DBT.04007-A’/149-4.BA53).

Three specimens are from the platform borders enAhc de Castellane (Alpes de Haute-
Provence and Alpes-Maritimes, southeastern Frarfoen the Camereiceras limentinus
beds’ of section MAN near Rougon (No. RNNGHP.DBTL04-MAN.BB34 — Fig. 2C), and
from bed 99 of the section TAI near Vence (No. RNHNGSBC.06050-TAI/99.TAI153 —
Fig. 3 —and RNNGHP.SBC.06050-TAI/99.TAI155 — R2p). In addition, the holotype (No.
4141351 of the J. Vermeulen’s collection) was a&samined; it is here refigured (Fig. 2A).
MeasurementOnly one specimen is complete enough to be medqunm). It is compared
with the holotype (see Vermeulen, 1996). D is thaximum measured diameter, Dph is the
diameter of the phragmocone, H, W and U are res@dgtthe height and width of the whorl

and the diameter of the umbilicus.

Table 1.Measurments of the two most complete specimens.

N° specimens D Dph H w U H/D W/D u/D W/H

RNNGHP.SBC.060501 140.00 | 118 53.72 | 47.76 | 56.48 | 0.38 0.34 0.40 0.89

TAI/99.TAI153Fig. 3 | 107.40 37.40 | 43.20 | 40.10 | 035 |0.40 |0.37 |[1.16
4141351 (holotype 152.40 | 2 19.00 | 1890/ 1960 0.36] 0.36] 0.37 1.00
Fig. 2A)

Description and ontogenesisThe collected specimens are few, but they givgoad
representation of the species. Specimen No. RNNGBIB.06050-TAI/99.TAI153 (Fig. 3) is

interpreted as robust morphology; it is the moshglete, probably an adult, with a quarter
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whorl of the body chamber preserved. Specimens RENGHP.DBT.04007-A*/149-
3.AX95, RNNGHP.DBT.04007-A*/149-3.BA54 (slender mbplogy — Fig. 2E),
RNNGHP.DBT.04007-A’/149-4.BA53, RNNGHP.SBC.06050199.TAI155 (Fig. 2D) and
RNNGHP.DBT.04171-MAN.BB34 (robust morphology — F@C) are fragments of inner
whorls. Finally, specimen No. RNNGHP.DBT.04007-A2t4.AJ49 (Fig. 2B) is a two-part
fragmented half-whorl of an adult body chamber amaximal extrapolated diameter of
D=120 mm. The shell is plan-spiraled with slightlyvering whorls. The whorl section is in
all cases rounded and changes during growth, wimakes it possible to distinguish two
ontogenetic stages:

- (1) The inner and middle whorls, up to a diamefeabout D=80 mm. At this point,
the whorl section is thick, sub-circular with vergnvex flanks. The umbilical wall is very
abrupt and connects to the flanks by an angulagimablunted towards the end of the stage.
On the other hand, the periventral margin is veynded and the flanks progressively move
towards the rounded venter. The ornamentation stnsf ribs, mostly simple, with the
presence of thinner intercalated ribs on robustpmaiogy (No. RNNGHP.SBC.06050-
TAI/99.TAI153, Fig. 3, and RNNGHP.DBT.04171-MAN.BB3- Fig. 2C), while they are
almost absent otherwise. The ribs are thick, almmogbrmly but slightly wide on the flanks,
with a relatively radial to slightly retrovertedtpan, without forming any inflection on the
ventral area, where they are a little wider. Howetlgey present inconspicuous enlargements
at the base and the top of the flanks, but whicinotibe described as bulges or never form a
tubercle. There are no constrictions. At the endhif stage, the ornamentation becomes
barely sinuous on the flanks and the ribs wideongfly from their upper third.

- (2) The outer whorl, known from the diameteDsf100 mm, corresponds to the end
of the phragmocone and the body chamber. On thisgbahe shell, the whorl section is

modified by increasing the height of the flanksd(retion of the value W/H), to become
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subquadratic rounded. The periventral margin remagry rounded and progressive while
the flanks flatten. The ribs are enlarged from upeer third of the flanks and on the ventral
area while they are weakened on the rest of thié Jline intercalated ribs are very rare from
the mid-flank, even in the robust form, and do seém to connect to the main ribs. Any
evidence of reinforcement on the ribs has disamokavith the exception of an increasingly
pronounced shoulder during growth on the perivémtrargin (better visible on the robust
morphology).

The number of specimens is too low to quantify diglithe intraspecific variation under a
stastistical approach. However, the variation olesr between robust and gracile
morphologies seems here to concern only the stiesfgthe ornamentation and the presence
of intercalated ribs. Considering the general lafvistraspecific variation in ammonites (see
Bert, 2013, 2014), this isolated character is raienh here to be the result of a species
differentiation.

The suture lines could not be studied.

Discussion The same as the genus.

5. Critical review of the taxa classified as Hemihglitinae

In the literature, many occurrences of Hemihopdiéirhave been reported all over the world in
a large stratigraphic range (Fig. 6 — ValanginianAptian, see references in Klein et al.,
2007), some of them being contradictory with theletionary history of the group. Thus, a
critical review is essential to understand the geplgic and stratigraphic distribution of the

group, which appears in all probability in the I&&thyan Barremian (Bert and Bersac, 2014).
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5.1. The ‘Hemihoplitinae’ of Eastern Europe (Bulgdrand Central Asia (Caucasus and

Turkmenistan)

Matheronites khwamliensiRouchadzé, 1933 is reported from the locality akhépa
(Georgia) together with upper Barremian faunag Highly probable that this taxon belongs
to the genusiemihoplites(of which MatheronitesRenngarten, 1926 is a junior synonym, see
Klein et al.,, 2007) that seems to confirm the depic of Kotetishvili (1970) and the
stratigraphic distributions given by Kotetishvilt @l. (2005, p. 417). In this case, its
morphology with two peri-umbilical and periventralibercles brings it closer tdd.

feraudianuswith which the synonymy is proposed here.

Matheronites ukensiBimitrova, 1967 from the upper Barremian of Bulgawvas classified in
the genusCamereicerasy Delanoy (1990a), followed by Klein et al. (200¥% our view,
this taxon, based on an incomplete type-specimémwi the preserved inner whorls, is to be
attached to the genuMartelites (Heteroceratidae), of which it represents a robust
morphotype. This view is supported by the shapehef ribs and the high presence of
bifurcations at the top of the flanks at the preladtage, but also by the change of
ornamentation at the adult stage with the acqarsitf a majority of simple ribs progressively

more spaced (compare Delanoy, 1997, pl. 51, fig. 1)

The type specimen ofAcanthocerasridzewskyi Karakasch, 1897 is quite small and
morphologically resembles the Heberti stage knowwmost Hemihoplitidae (see Bert et al.,
2013), with ribs all identical bearing ventro-laterand lateral tubercles. However, and
contrariwise to what is known in Hemihoplitidaee thmbilical tubercles are lacking here and

the lateral tubercles are high on the flanks. Winénoduced A. ridzewskyiKarakasch, 1897
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was quoted with aptian faunas suchHaplites deshayesi’Orbigny, 1841,Acanthoceras
martini d’Orbigny, 1841, Acanthoceras cornuelianund’Orbigny, 1841, Aspidoceras
royerianum d’Orbigny, 1841 andCostidiscus recticostatud’Orbigny, 1841 in the sandy
glauconitic marlstones near the village of DetiCacasus). More recentdy ridzewskywas
most precisely assigned to tharkmeniceras turkmenicu#one in the uppermost Barremian
(Bogdanova and Prozorovski, 1999), and was coraides be a probable Hemihoplitidae
(see Klein et al., 2007, p. 215-216). The lack mibilical tubercles and the top Barremian
stratigraphical assignation lead us to excléderidzewskyifrom Hemihoplitidae. In our
opinion, the only comparable other taxon known he uppermost Barremian with such
morphology in the innermost whorlsPseudocriocera$path, 1924a (both taxa are assumed
to be contemporaneous by Kakabadze and Kotetishi@B5, p. 108). Description or
figuration of innermost whorls d?seudocrioceragre quite rare in the literature: the coiling
could be crioconic or with contigous whorls, théetal tubercles are high on the flanks and
the umbilical tubercles could be very attenuatedhment (Kakabadze and Thieuloy, 1991, p.
90), just as inA. ridzewskyi More exploration of this hypothesis is prevenbgdthe very
small size of the type specimen A&f ridzewsky;i thus, we tentatively propose this taxon in

open nomenclature in the vicinity of the ges®udocriocerag=P. ? ridzewsky).

Matheronites brevicostatuBogdanova, 1971 was assigned to the gdtesihoplitesby
Riccardi and Aguirre-Urreta (1989, p. 451), follaWey Klein et al. (2007, p. 214). Despite of
comparable suture line of ELUI type (compare Bogdan 1971, fig. 2 and Wiedmann, 1966,
fig. 35), its stratigraphic assignation to tarkmeniceras turkmenicudone (uppermost
Barremian — Bogdanova and Prozorovski, 1999) anchdrphology with innermost rounded
whorls, ornamentation with very flexuous ribs (esgaky in inner whorls) bearing a single

row of marginal tubercles, intercalatory ribs préssince the innermost whorls and most
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often only present on the venter (there are nordatatory ribs in the trituberculate

Hemihoplitidae’s Heberti stage), discadvd brevicostatugrom the Hemihoplitidae.

Matheronites turkmeniculsuppov, 1936, figured only once by Luppov (1936182, pl. 1,
fig. 1-3), was likened as well tdemihoplites feraudianuby Riccardi and Aguirre-Urreta
(1989, p. 451, 456), and later accepted in the getemihoplitesby Bogdanova and
Prozorovsky (1999, p. 50) and Klein et al. (20072%7). Its morphology seems very close to
M. brevicostatus and for the same reason we discadwl turkmenicus from the

Hemihoplitidae. Pending more data about these &wa, twe left them in open nomenclature.

5.2. The boreal ‘Hemihoplitinae’

Ancyloceras brevispingon Koenen, 1902 anéncyloceras trispinosurfVon Koenen, 1902
non Kakabadze, 1981) where assigned to the gelamihoplitesby Kakabadze (1981),
followed with doubt by Klein et al. (2007). In owiew, these taxa are close to the
Parancylocerasof the P. aegoceragVon Koenen, 1902) anB. bidentatum(Von Koenen,
1902) group from thd>. bidentatumZone (Boreal uppermost Barremian) because of their
very particular morphology (paucituberculateéPinbrevispinaand with weaker tubercles i
trispinosum. Consequently, they are assigned here to theabgenus Parancyloceras

(ParacrioceratidaBert and Bersac, 2014).

5.3. The case of the Patagoniatemihoplites’

The morphology of the Argentiniaitiemihoplites’ (here Homeomorphiteggen. nov., see

below chapter 5.8), very close kb feraudianusas well as the report of this last taxon in a
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convincing local evolutionary contextl| ploszkiewiczi~ H. varicostatus— H. feraudianus
(here Ho. aguirreurretaegen. nov et sp. nov.)], led Aguirre-Urreta (20@@)consider an
evolutionary and migratory history of the Hemihtipgikhe from South America to Europe
(Aguirre-Urreta, 2002), while a certain endemismtfte Austral Basin was usually assumed
(see for example Leanza and Wiedmann, 1980). How®edanoy had proposed (1990b) an
origin of the TethyarHemihoplites feraudianukom older tuberculate European forms, but
without further details. More recently, an origif ldemihoplitesamongCamereicerashas
been considered with an older rooting am@wegsendiceragVermeulen, 2003; Bert et al.,
2006; Bert, 2012a). Finally, Bert and Bersac (20dbposed an origin of the Hemihoplitidae
(Gassendiceratinae), supported by a cladistic aisalyamong the boreal Paracrioceratidae
considering a migration via the Moroccan platforrhene intermediates are presef@. (
essaouiraeBert and Bersac, 2014). New data collected in lemagtern France (work in
progress) assert that the direct ancestoH oferaudianusis the trituberculate speciés.
astarte (previousely reported all. casanovaiin Bert et al.,, 2008, p. 3), present in the
immediately older levels in the Barremian stratetgpeafl. astarteHorizon). This species is
derived fromCamereiceras limentinuga H. cornagoae

All these elements do not support the migratory atlypsis of H. feraudianusfrom
populations of the Austral Basin, formulated by AgtUrreta (2002), and the
Homeomorphitinae subfam. nov. are here classifital the Neocomitidae (Perisphinctoidea
— see below chapter 5.8. the discussions relateldotmeomorphitinae subfam. nov. and

Homeomorphitegen. nov.).

5.4. The other Austral, American and south Afriddamihoplites’
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In 1992, Klinger and Kennedy depicted two lower epBarremian specimens from
Zululand, which they compared tdemihoplites varicostatusnd H. ploszkiewiczi(here
Homeomorphitegien. nov., see below chapter 5.8) because of th@iphological similarity

to the Argentinean faunas published by Riccardi &uirre-Urreta (1989). Following
Kakabaze and Hoedemaeker (2004), it is clear ttiuatythese forms are not Hemihoplitidae.
Their very different coiling (involute) with a higand compressed section, as well as their
particular ornamentation with mid-flanks bifurcatsy an almost smooth siphonal band and
inflated ribs on the venter, also distances theamfHomeomorphiteggen. nov. These
specimens can rather be compared with the geéftaishericeras and especially wittH.
argentinenseStanton, 1901 (compare Riccardi, 1988, pl. 1Q, Tig2 and Leanza, 1970, pl.
39), which have very thin ribbing, similar to thpesimens from Zululand; the suture line
shows also a great resemblance (compare Stantod, p® 9 with Klinger and Kennedy,

1992, fig. 37).

Due to its very particular morphology with a verarrow umbilicus, Hemihoplites?
mexicanus Imlay 1940, from upper Valanginian (Fig. 6 — upmeember of the Taraises
Formation, see Barragan and Gonzalez-Arreola, 2009 eferences), superficially recalls the
faunas of south Africa figured by Klinger and Kedgpg1992) undeHemihoplitessp. cf.
ploszkiewicziand H. sp. cf.varicostatus(here Hatchericeras argentinensePending more

data,H.? mexicanuss left in open nomenclature.

In his PhD thesis, Cantu Chapa (1963) reportegthsence oHemihoplitescf. feraudianus
(pl. 3, fig. 6) in the eastern Mexico (Mexico-Tuxp&oad, km 216.7). Its very partial
preservation does not make it possible to form@nion, but its Barremian attribution seems

proved by the presence in the same sitdatodiscusaff. perezianugd'Orbigny, 1850). On
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the other hand, the variation in rib spacing visibh the last whorl, and the importance of the

interrib spaces in relation to the width of thesrits not a character knownktemihoplites

This is the same withlemihoplitessp. A reported by Myczynski (1977, pl. 6, fig.iB)the

Polier Formation of Cuba (El Herete, Sierra del &mg, which bears 3-4 constrictions per
whorl in the inner whorls, and a change in ornamigon in the last whorl with denser and
prorsiradiate ribs bifurcated close to the ventnargin. Its uppermost Hauterivian attribution
is assumed by the presenceRsfeudothurmanniap. in the same layer (not figured), while
some Barremian specimens attributedKirstenicerassp. are also reported. Pending new

data, these Mexican and Cuban specimens are leften nomenclature.

Hemihoplites? popenoiMurphy, 1975, from theShasticrioceras patrickiZone, is a
ShasticriocerasAnderson, 1938 (here Shasticrioceratidae nov.,fage below chapter 5.8)
related species, unrelated to Hemihoplitidae. Thepatricki Zone has also delivered
Kotetishvilia cf. compressissimgd’Orbigny, 1841), index species for the middlevéw
Barremian (Fig. 6). It is not shocking to briRig? popenoiclose to the genuShasticrioceras
which contains some taxa with a thick or very thigkorl section [e.gShasticrioceras

inflatum Anderson, 1938Shasticrioceras wintuniu@nderson, 1938)].

Hemihoplites (Matheronites) ridzewskii sachicaet&@gabadze and Hoedemaeker, 2004 was
introduced on the basis of a single Colombian spewiof very small size. This specimen has
a morphology very close to the type specimerPséudocriocerddridzewskij and for the

same reasons (see above chapter 5.1) we proposartfeassignation in open nomenclature

in the vicinity of the genuBseudocrioceras
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A unique specimen dflemihoplitessp. has been reported in Antarctica by Thomsoid4)L9

It was collected in screes in a Keystone Cliff cegetion, which stratigraphic attribution is
uncertain, perhaps Aptian due to the presencérdércticocerasin the same formation
(Thomson 1974, p. 39), or even upper Barremiafolg the opinion of Mourgues (2007)
based on the distribution of tiBanmartinocera8onarelli and Nagera, 1921 species. Its thin
ribs, closely spaced and projected towards the wbthe shell from the periventral area are
not characters oHemihoplites thus, pending more data this specimen is leftopen

nomenclature.

‘Hemihoplites’ pereziMourgues, 2007 nomen nuduinwas first attributed to the genus
Antarcticoceragsensu Mourgues, 2007) as the last representatiaepossible evolutionary
lineage [Crioceratites’ ttofurus Mourgues, 2007 nomen nudum> Antarcticoceras
domeykanum~ ‘Antarcticoceras’ pereznomen nudum]. In a second time, this species was
assigned to the gentiemihopliteswithout any explanation by Aguirre-Urreta et &00Q7a),
but the idea of this possible affiliation was athggoresent during the introduction of the
taxon (Mourgues, 2007, pp. 240-241, 24K). perezi nomen nudum, with its lower Aptian
assignation (Fig. 6) and very particular ornameotatvith two closely spaced rows of
periventral tubercles (Mourgues, 2007, p.75), tyedoes not belong to Hemihoplitidae. On
the other hand, its belonging to the geAnsarcticoceraghere Shasticrioceratidae fam. nov.,
see below chapter 5.8) is credible and deservés twonsidered. It should be noted that the
taxa introduced by Mourgues in his unpublished F2@07) are all nomen nudum for this
reason. The publication announced by Aguirre-Uredtal. (2007a, p. 158) to regulate this
taxonomic situation is, to our knowledge, still ubpshed to date: it now appears to be

highly desirable.
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The fragmentary and certainly teratological specimm&Crioceratites(Hemihoplite$ n. sp.
ex aff. C. (H.) soulieri(Matheron, 1878), figured by Jeletzky (1970) frtime Barremian of
British Columbia (Canada, North Pacific Realm),n®rphologically closer to the genus
Colombiceras Spath, 1923 than to Hemihoplitidae. This specinmisnleft in open

nomenclature pending new data.

5.5. The IndonesiarHemihoplites’

In the description of lower Cretaceous ammonitesnf\WWestern New Guinea (Irian Jaya,
Indonesia), Skwarko and Thieuloy (1989) introdudbe speciesH. taminabuanensjs
attributed to the genudemihoplites from a high energy level (presence of glaucoaitd
detrital quartz in the deposit) attemptedly asgigne the Barremian (p. 28). Indeed,
HemihoplitestaminabuanensiSkwarko and Thieuloy, 1989 (and alkb sp.) shows very
strong morphological affinities with the genudemihoplites and especially withH.
feraudianus However, the presence of very thin secondaryetsblin the indonesian
specimens, sometimes joining the primary ribs alflamks to make a fibula pattern (see
Skwarko and Thieuloy, 1989, pl. 4, fig. 3), is @t hemihoplitid character. Thus, pending
more complete specimens and data about their hgendonesiarHemihoplites’are left in

open nomenclature.

5.6. The Indian genuBascoeiteSpath, 1933

PascoeitesSpath, 1933 (see Spath, 1933, p. 827, pl. CXXML, %, 7, 12), of which the

stratigraphic position was long unclear, was inetligvith doubt in Hemihoplitidae by Wright

(in Arkell et al., 1957). This position has sinceeh followed by the authors, but without
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further clarification (Klein et al., 2007), partiewly because of the uncertain age of the
specimens studied by SpatR. (budavadensiSpath, 1933 an®. crassusSpath , 1933),
which come from white shales with plants (RaghaapuShales Formation) from the Eastern
peninsular India (Budavada village, Nellore Didtricn the Cauvery Basin). The age
attributed by Spath (‘probable Barremian’) is esisdly based on the presence of very badly
preserved and crushed fossils and attributed by taintHolcodisciidae Holcodiscusct.
perezianusH. cf. caillaudianus(d’Orbigny, 1850),Gymnoplites simple$path, 1933], and
Hoplites cf. borowaeUhlig, 1883,H. cf. beskidensidJhlig, 1883,H. codazzianugKarsten,
1886) and_ytocerassp. cf.vogdtiKarakasch, 1907. Traditionally, the Raghavapurarmalesh
Formation is between the Golapille sandstones belogvthe Tirupati (Tripetty) sandstones
above (Pandey and Dave, 1998). The Barremian/Aptianndary known in Kachchh
(between Sivaganga Formation, Ghuneri Member anémi@puram Formation, Ukra
Member) can be extended to the Cauvery Basin betile® Golapille Formation and the
Raghavapuram Formation, which implies that the lgiregy Raghavapuram Formation would
be Aptian (S. Jain, pers. comm.). And thus, theug@ascoeitess not Barremian but Aptian

(Fig. 6) unrelated to the Hemihoplitidae; it istlef open nomenclature awaiting more data.

5.7. Analysis of the critical review

The ‘hemihoplitid-like’ morphology is characterizday a platiconic evolute shell with
moderately overlapping whorls, and subrectangulaorivsection (higher than thick) with a
moderately rapid whorl growth. Such shell morphgléakes place in the middle of the 3D
pyramidal representation of the W-D-S morphospbased on the classical Raup parameters
(Raup, 1966, 1967; Tendler et al., 2015, fig. 7B)e ornamentation is at first well marked

with straight or slightly sinuous ribs, often bifated; later the shell becomes smooth (Fig.
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4A). This simplified morphology appears to be rathvdespread, especially in view of the
long list of taxa that have been assimilated to Hepilitidae in the literature, but which
actually belong to other groups. This morphologytésative at Valanginian, Hauterivian,
Barremian and Aptian, and several taxa without ghyletic linkage, including outside
Western Tethys, can develop it by convergence (loomoephy).

Beside the cases of homeomorphy mentioned abovapt@is 5.1-5.6), one could also
mention the example of sonartelitesof the latemost Barremian (compare Baudouin et al.
2012, pl. 14, fig. 1 and Delanoy, 1992, pl. 37, fig with Delanoy, 1994, pl. 6, fig. 5). The
resemblance is even more striking with the earlyteldvian genug heodoritefrom Crimea
(here assigned to the Neocomitidae, Endemoceratimpdts general appearance and its
ornamentation close td. feraudianus(compare Baraboshkin and Mikhailova, 2006, fig. 2b
and c, with Delanoy, 1990Db, fig. 4 and 2 respetiivend its ventral area very similar to that
of Camereiceras limentinugompare Baraboshkin and Mikhailova, 2006, fig.\2#h Bert et
al., 2010, fig. 2b).

All these convergent taxa that could be attributedHemihoplitinae for morphological
reasons by the authors must now be excluded frasnfamily, which leads to drastically
review the palaeogeographical distribution of #pisup. Until proven otherwise, there is no
Hemihoplitinae outside the northern and westerngmarof the Tethyan Realm (including its
Caucasian margin to the east, and the Essaouiia BaMorocco at the limit of the Proto

Atlantic Ocean to the west).

5.8. Systematic implications

As seen above in the critical review (chapter 5.3pme taxa excluded from the

Hemihoplitidae have now to be reassigned; theyteddomeomorphitinae subfam. nov. gen.
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nov. (withHomeomorphiteaguirreurretaegen. nov. et sp. nov. Bemihoplites feraudianus
in Aguirre-Urreta, 2002]) and the Shasticrioceratidam. nov. (with the lineage made by

ShasticrioceramndAntarcticoceras

Superfamily: Perisphinctoidea Steinmann, 1890

Familly: Neocomitidae Salfeld, 1921

Subfamily: Homeomorphitinae subfam. nov.

Type genusHomeomorphitegen. nov.

Generic contentin the current state of knowledge, this subfamgdimonotypic.

Stratigraphic and geographical occurrenc8he Homeomorphitinae subfam. nov. are
restricted to southern hemisphere, especially thstral Basin (South Patagonia, Argentina
and Chile — Fig. 7)Homeomorphiteggen. nov. spans from lower Hauterivian to upper
Barremian (see Riccardi and Aguirre-Urreta, 198§uire-Urreta, 2002).

Discussion The succession of species previously assignethdogenusHemihoplitesby
Riccardi and Aguirre-Urreta (1989) and Aguirre-Uar¢2002), herdHomeomorphitegen.
nov., represents a coherent phyletic lineage botkeims of shared morphology and also
stratigraphically as the species show a relatigeltinuous succession.

The Homeomorphitinae subfam. nov. do not have titegenic stages common to all the
Hemihoplitidae (see Bert et al.,, 2013). More, sav@haracters conjointly present, even
sometimes episodic, iHlomeomorphitegen. nov. (absence of tubercle or bulging of ribs;
spacing of ribs before smooth stage; episodic peesef reinforced ribs and what looks like
constrictions in some specimens; ‘zigzag’ stagejraliformula with more than one umbilical
lobe U of ELUU3I type — clearly visible in Riccardi and Aguirre+dta, 1989, text-fig. 4a, 6)
definitely discard the Homeomorphitinae subfam..noem the Hemihoplitidae, and more

widely from the Ancyloceratoidea. Actually, theseatures remember ‘perisphinctid’
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assemblage of characters. Of course, each of thesacters taken separately is not exclusive
of Perisphinctoidea Steinmann, 1890, but there ooation allow to consider the
Homeomorphitinae subfam. nov. as the ultimate sapr&tives of the Perisphinctoidea, in the
vicinity of the subfamilies Neocomitinae Salfel®2ll and Endemoceratinae Schindewolf,
1966 (Neocomitidae Salfeld, 1921).

Compared to the EndemoceratinagicocerasHyatt, 1900 andEndemoceraslhiermann,
1964, the suture line is simpler with a trifid rewrand very weakly assymetrical lateral lobe
L, whereas it is broad and strongly asymmetric madémoceratinae. The section is wider and
the ornamentation is usually coarser without pertinag tuberculation.

The Homeomorphitinae subfam. nov. are morphololyicdbse to the genudatchericeras
which was usually classified in the Neocomitinae@wen with doubts in the Endemoceratinae
(see Klein, 2005). However, the involute coilingthwa relatively hight section and narrow
umbilicus, clearly distancdsatchericeradrom the Homeomorphitinae subfam. nov.

The Neocomitinae are really diversified in shellrptelogy (large to medium size, involute
to evolute or uncoiled morphology) and ornamentaftbin ribs to strong trituberculated ribs
/ all identical ribs to differentiated ribs), whichakes them hard to effectively and simply
compare or differentiate from other comparable gsouHowever, compared to Neocomitinae
(in general), the Homeomorphitinae subfam. novwshauch less rib diversity with no real
tubercles or ribs differentiated. Large gerontic oblamitinae could show change in
ornamentention, to very strong ribs, which is iat tase in Homeomorphitinae subfam. nov.
On the other hand, in the same way as with Hemithogé and for identical reasons, the
resemblance oHomeomorphitegen. nov. withTheodoritesBaraboshkin and Michailova,
2006 is the result of a morphological convergenthis latter was classified in the
Crioceratitinae Gill, 1871 by Baraboshkin and Mikbea (2006), between the genera

CrioceratitesLéveillé, 1837 (Crioceratitidae Gill, 1871, Ancgkratoidea) andlyticoceras
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Hyatt, 1900 (Endemoceratinae), for which Barabastdad Mikhailova (2006) assumed a
phyletic link. Such phyletic link could questionethyticocerasas Endemoceratinae, which

are deemed to be linked with the Neocomitidae gpainctoidea).

GenusHomeomorphitegen. nov.

Denomination Because of the phenomenon of homeomorphy, whichdezbnfusion with
the genudHemihoplites

Type species Homeomorphites aguirreurretagien. nov. et sp. nov. Kemihoplites
feraudianusn Aguirre-Urreta, 2002).

Specific contentHomeomorphites aguirreurretagen. nov. et sp. novko. ploszkiewiczi
(Riccardi and Aguirre-Urreta, 1989) ardio. varicostatus(Riccardi and Aguirre-Urreta,
1989).

Stratigraphic and geographical occurrencdhe genusHomeomorphitesgen. nov. is
currently only known in the Austral Basin (Fig. @astern border of the southern Patagonian
Cordillera (Argentina and Chile), in levels sparmmpiower Hauterivian Kavrella americana
Zone) to upper Barremian (Fig. 6 — betweenkia¢chericeras patagonenssdColchidites
Sanmartinoceragones — see Riccardi and Aguirre-Urreta, 1989/smdrre-Urreta, 2002).
Diagnosis Dimorphic genus with evolute shell and subquaciiat sub-oval whorl section,
sometimes more compressed in large macronconchs HMhks and ventral area usually
convex, more or less rounded [M] or flattish [mfn@mentation with flexuous ribs, simple or
bifurcated near the umbilical margin (inner whoids)just above the mid-part of the flanks.
Intercalary ribs sometimes present. Size of thdl gfrem medium to large) and ribbing
density (from dense to spaced) are different adcegrtb the species. On large macroconchs,
the ribs disappear progressively in becoming leasked and more spaced and irregular, and

the body chamber is smooth. Constrictions and oetet ribs are scarce. Sometimes ‘zigzag’
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ribs can occur on the ventral area. Suture fornuil&LU,Usl type, with more or less
asymmetric trifid L.

Discussion Homeomorphitegien. nov. shows dimorphism and a general morphobgy
shell size very close to the Hemihoplitinae, esbcito Hemihoplites feraudianus
(d’Orbigny, 1841). Despite of this, Kakabaze andetiemaeker (2004) had previously
refused to assign the Patagonian species to thesgfmmihoplitegpp. 82—83) as Lehmann et
al. (2015, p. 238) did more recently . Actualypmeomorphitegien. nov. never shows the
tubercles systematically present in the Hemihayii, nor their ontogenetic stages (see Bert
et al., 2013). Moreover, constrictions, reinforcdzs and ‘zigzag' stages (asymmetry of the
ornamentation on the ventral area), although nadrdameomorphitegien. nov., are totally
absent from all Hemihoplitidae. The ribs are spgostl before the smooth part of the body
chamber, which is never the caseHamihoplites(Fig. 4). Finally, the sutura formula is of
‘neocomitid’ type, while it is of ‘ancyloceratidype in Hemihoplitidae.

Homeomorphitegen. nov. is more evolute, with a much lower heighbrl and a thicker
whorl section thanHatchericeras Adult size seems also larger fdtlatchericeras
Ornamentation, on the other hand, is quite comparebflexuosity and orientation of the
ribs, but with a higher primary bifurcation poiran earlier smooth stage, and a smoother
ventral area irHatchericeras The suture line is quite different: it is simp¥th a relatively
narrow and very weakly asymmetric lateral lobe IHmmeomorphitegien. nov., while it is
complex, with a broad, strongly asymmetric latéolk L inHatchericeras

Compared withTheodorites the ribs are a bit more flexuous HHomeomorphitegen. nov.
and are not as attenuated on the ventral dile@odoritesalso has periventral tubercles and
peri-umbilical bulges, completely absentHomeomorphitegen. nov.

The stratigraphic succession of species of the giddameomorphitesgen. nov. is:

Homeomorphites ploszkiewic@tavrella americanaAssemblage Zone in the upper lower
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Hauterivian according to Aguirre-Urreta et al., 2BP— Ho. varicostatugF. wilckensiand
Hatchericeras patagonenseassemblages zones in the upper Hauterivian ancerlow
Barremian)— Ho. aguirreurretaegen. nov. et sp. nov. (non basal upper Barremighg.
evolutionary trend of this group has been descripedguirre-Urreta (2002), who noted an
increasing body size and coarser ribbing (ribsaasingly spaced in time). To this, one can
add the acquisition of a new ontogenetic stagehatend of growth (smooth stage) by
allometric hypermorphosis (heterochrony in the sené McKinney, 1988). The general
morphology of the shell remains remarkably stabiend) this evolution, and the modification
of the ornamentation could be related to the sekedclrift of the variability of the populations

towards more and more robust forms (Aguirre-Urr2@92, p 496).

Homeomorphites aguirreurretagen. nov. et sp. nov.

2002 Hemihoplites feraudianu&’Orbigny, 1841); Aguirre-Urreta: text-fig. 4al. 4—2.
Denomination This species is dedicated to Pr. Maria B. Agduireeta (University of Buenos
Aires, Argentina), who discovered and describedsipecimens ascribed to this new species
(2002).

Holotype The type specimen designated is the macroconchCR8A 19156 (in Aguirre-
Urreta, 2002, pl. 1). It is housed in the CatedeaP@dleontologia de Buenos Aires, Ciudad
Universitaria, Pabellén 2, 1428 Buenos Aires, Atgen

Type locality The Rio Ghio locality, in the eastern border bé tsouthern Patagonian
Cordillera (Argentina).

Type LevelThe Rio Belgrano Formation.

Stratigraphic and geographical occurrencehe geographical distribution is the same as for

the genus (Fig. 7). Stratigraphicallp. aguirreurretaegen. nov. et sp. nov. is recorded in
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levels of the upper Barremian, just between thatchericeras patagonensand the
ColchiditesSanmartinoceragones (Fig. 6 — see Aguirre-Urreta, 2002).

Diagnosis Dimorphic species, macroconch [M] of large sibe=210 mm) and microconch
[m] reaching D=70-80 mm. Evolute shell with sectammpressed for [M] or subrectangular
for [m]. Umbilical shoulder and flanks rounded [M} flattish [m]. Ventral area slightly
convex. Ornamentation with strong ribs, usuallxdieus; they cross the venter without any
weakening. Ribs are simple or bifurcated from thabilical margin (inner whorls) or just
below the midflank. On the macroconch, the ribsapigear progressively in becoming less
marked and more spaced and irregular; the endegbtthagmocone and the body chamber are
smooth. Constrictions and reinforced ribs are scaButure with L slightly deeper than E,
moderately wide and asymmetrically trifid.

Discussion Morphologically, Homeomorphites aguirreurretagen. nov. et sp. nov. shows
dimorphism and a general morphology and size of ghell very close tdHemihoplites
feraudianus(d’Orbigny, 1841). Despite of this, the formerkadhe tubercles systematically
known in the latter. Moreover, the constrictionsl arinforced ribs, albeit rare, are not an
hemihoplitid character. Finally, the ribs are sphgest before the smooth part of the body
chamber, which is never the caseHemihoplites feraudianusThese differences are also
discriminating against all other species of Hemlhimyae, with a distinct ontogenic trend [i.e.
H. astarte H. cornagoae Camereiceras limentinu€. marchandi C. breistrofferj and the
representatives of the genl@achyhemihoplitgds

Homeomorphites aguirreurretagen. nov. et sp. nov. is larger in size thém varicostatus
gen. nov. andHo. ploszkiewiczigen. nov. The ribbing density is also different Hs.
aguirreurretaegen. nov. et sp. nov. shows more spaced and ca#rsethan the two other

species of the genus.
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Hatchericeras patagonensstanton, 1901 has a higher whorl section and aenctosed
umbilicus thanHomeomorphites aguirreurretagen. nov. et sp. nov. Ornamentation, on the
other hand, is quite comparable in flexuosity anénation of the ribs, but with an earlier
smooth stage (80-100 mm versus 200 mm in diamets) a smoother ventral area in
Hatchericeras patagonens€&he suture line is simpler and quite differenthaa narrower and
more trifid symmetrical lobe L ilomeomorphites aguirreurretagen. nov. et sp. nov.
Compared wittHatchericeras argentinens&tanton,1901Ho. aguirreurretaegen. nov. et sp.
nov. has a more evolute coiling, a lower whorl heignd a different ornamentation: the ribs
are stronger, spaced and not attenuated on theavarga.

Compared withTheodorites theodorBaraboshkin and Michailova, 2006 améi. drushitsi
Baraboshkin and Michailova, 2006, the ribs arettéelimore flexuous irHomeomorphites
aguirreurretaegen. nov. et sp. nov. and are not as attenuatdeomenter. Both species of
Theodoritesalso have periventral tubercles and peri-umbillmaliges, completely absent in

Homeomorphites aguirreurretagen. nov. et sp. nov.

Family: Shasticrioceratidae fam. nov.

Type genusShasticriocera®nderson, 1938.

Generic contentShasticriocerasAnderson, 1938 (and its synonyBackracerasMourgues,
2007nomen nuduinandAntarcticocerasThomson, 1974.

Stratigraphic and geographical occurrenceEhe Shasticrioceratidae fam. nov. have a circum
Pacific repartition from Arctic Canada to Califaanfwestern USA) and to Chile and Japan
(Fig. 7). The family is also known in the Austraadin in AntarcticaShasticrioceraccurs

in lower Barremian (Chile) and lower and upper Baman-lowermost Aptian (California).
Antarcticocerasoccurs in upper Barremian and lower Aptian (seaifdoes, 2007, p. 162 —

Fig. 6).
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Discussion The genushasticriocerasvas originally classified in Hemihoplitidae (Anden,
1938; Murphy, 1975) and more recently in the ‘cealh family Megacrioceratidae
Vermeulen, 2006 (see Klein et al., 2007), but higlgtic relationships have never been very
clearly established to support these propositiomste] that in our point of view, the
Megacrioceratidae are a probable synonym of thelyatamulinidae Gill, 1871 because of
the very close relationships betweiegacrioceras doublier{(Jaubert, 1856) and the genus
Hamulinad'Orbigny, 1850]. The gen@&hasticrioceradas long been known in the lower and
upper North American Barremian (Murphy, 1975) andah (Matsukawa and Obata, 1993).
Mourgues (2007) reported it more recently in Chile.

Antarcticoceraswas originally left in open nomenclature by Thomsd974), then was
placed with doubt in the Ancyloceratidae by Kleinag (2007). This genus was assumed
Aptian by Thomson (1974), but would rather be upBarremian according to Mourgues
(2007).

In the constrained geographic context of the Clali@mBasin (Chile), besides the fact that
the coiling and the shape of the ribs betw&érasticriocerasand Antarcticocerasare very
close with a very particular morphology of the wahtarea whose flat ribs are framed by a
peri-ventral punctiform tubercle, a phyletic linlettveen both these two genera can be
established with the simple acquisition, very earlgntogeny, of an additional tubercle at the
top of the flanks very close to the perivental tabee This hypothesis is also supported by the
representation by Murphy (1975, fig. 25) oShasticrioceras roddaiurphy, 1975 showing

a large (adult?) specimen with lateral and perngnubercles very close together on the
topflanks. In Japan, Matsukawa and Obata (1993) a¢ported the lower Barremian
Shasticrioceras intermediuMatsukawa and Obata, 1993 with 2-3 tubercles emthin ribs

at adult stage. Finally, the attribution by Mourgu@007) (1) of the upper Barremian

(Antarcticoceras domeycanudone) specieé. domeycanuniBayle and Coquand, 1851) to
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the genusAntarcticoceras(previously ParancylocerasSpath, 1924a in Klein et al., 2007),
and (2) the description &. pereziMourgues, 200nhomen nudun{later assigned to the genus
Hemihoplite} at the base of the lower AptialtHémihoplites’ pereziZone) with tubercles
very close together in the periventral and topflardas, typical of thAntarcticocerasmakes
possible to fill the stratigraphic and morphologibatus with the genuShasticriocerasaand

to classify them together within the same famihe Shasticrioceratidae fam. nov.

6. Discussion about the phyletic position dfenicostites gen. nov.

Lenicostitesgen. nov. has a morphology close to Hemihoplitifemvever it departs from it
by ontogeny and a number of characters (see abbsapter 4). Is this morphological
proximity a reflection of a phyletic link, or doetsonly reflect homeomorphy just as the

above examples? Several hypotheses have to belecatsi

6.1. Hypothesis (1)Lenicostitesgen. nov. as an ancestor of the Hemihoplitinaeaor

offshoot ofGassendiceras

In the hypothesis whelleenicostiteggen. nov. were the ancestor of the Hemihoplitiigaesn
their stratigraphic appearance, they would derivectdy from the firstGassendicerasf.
essaouiraepresent on the northwestern Tethyan margin, to emtde link next with
Camereiceras breistrofferiwhich is the oldest knowiCamereicerasat the top of the
Gassendiceras alpinunSubzone. On the other hand, Lienicostitesgen. nov. were an
offshoot of the Tethyan Gassendiceratinae, theyldvbave at least a common ancestor: the
only possible candidate is the top-early Barremidoroccan G. essaouirae These

hypotheses come up against a number of objectimmcecning (1) ontogenesis and
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ornamentation, (2) adult size, (3) coiling, (4) keNmnary rhythms, and (5) stratigraphic
coherence:

- (1) The Hemihoplitidae share a common ontogendt@jectory and the
Hemihoplitinae follow the constant trend initiatbyg their ancestor Gassendiceratin@his
trajectory is respected in Hemihoplitidae also asec of major evolutive changes such as the
reversion of the heterochrony trend that lead &oappearance é¢fseudoshasticrioceraand
later with the appearance of the helical coilingnreritesRouchadzé, 1933 (Fig. 1; Bert et
al., 2009; Bert, 2014, p. 155-157). In these exaB)pthe Barremense and Camereiceras
stages are still present or little modified for imaaical reason (i.e. the presence of the helical
coiling). Thus, in the case oGassendiceras(the ancestors) andCamereiceras(the
descendents), both genera have in common the Hedtage in their innermost whorls,
followed by the Barremense and Camereiceras si@&iygs5 — see Bert et al., 2006 for the
extensive description of these stages). This teartithe associated trituberculate ontogenetic
stages are totally absent in the supposed inteatesdienicostitesgen. nov. (Fig. 2-3),
which does not fit with the hypothesis of a phydink between these genera. Moreover, if
we consider the loss and complete subsequent ngc@iethese ontogenetic stages as a
possibility, it would mean accepting an exact chta reversibility through time, which is in
total contradiction with the Dollo's rule of theaversibility of evolution.

- (2) It has been shown (Bert et al., 2013) thatGhssendiceraspecies reach a large
size, around or above 350 mm in diameter. It is shene with the macroconchs of
CamereiceragdD=325 mm forC. limentinusin Delanoy, 1990a, pl. 6), including the older
species of this genus (D=300 mm fr breistrofferiin Bert, 2014a, fig. 20a). However, this
IS not the case facenicostitesgen. nov., which is much smaller with a body chamihat
starts at around 110 mm in diameter with the ormaalestage change. In mollusks, the size

seems more subject to the stabilizing effect of mlat¢ural selection than the ornamental
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characters (Mayr, 1963), thus in a phyletic reladitp hypothesis, it is rather unlikely that
Lenicostites gen. nov. would break this stability otherwise nthadeing a progenetic
micromorph. In such an hypothesis, or LiEnicostitesgen. nov. were an offshoot of
Gasendicerasthey would share at least the early Heberti omtegjc stage with octagonal
section and trituberculate ribs known in innermastorls of every Hemihoplitidae (or a
modified version of it), or the strongly tuberc@laBarremense stage that immediately
succeed it. This is clearly not the case.

- (3) With regard to coiling, the different specie$ the genusGassendiceras
systematically have heteromorphic shells, whichl$® the case for the old&amereiceras
(whorls are crioconic non-joined in macroconchg] &ipartite or crioconic in microconchs —
see Bert and Delanoy, 2000; Bert et al., 2006;,B12a, 2014a). To be more precise, the
evolutionary trend fronGassendiceraso Camereicerads towards the progressive loss of
heteromorphy, fully achieved i€. limentinus On the contrary, at the same time, in
Lenicostitesgen. nov. the shell is constantly plan-spiral wiystematically contiguous
whorls, wich discards it from th@assendicerd€amereiceragoiling trend.

- (4) The evolution ofenicostiteggen. nov. appears to be essentially in stasif, nat
particular morphological differentiation visible theen the oldest and most recent known
forms, despite the stratigraphic departure of atmiwg ammonite subzones. In the
assumption thatenicostitesgen. nov. would be intermediate betwegassendicerasand
Camereicerasor an offshoot o6assendicergghis sudden and transient stasis would be very
difficult to explain in comparison with the highpeed of evolutionary changes known in
Hemihoplitidae (both the ancestral Gassendiceratamal the derived Hemihoplitinae), whose
succession of species allows to establish succeessiobiostratigraphic horizons (Fig. 1 — see

Bert et al., 2008; Bert and Bersac, 2013; Bert4201
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- (5) The successiobenicostitesgen. nov. [Camereiceracould be stratigraphically
coherent I(. rusticusgen. nov. is still present together with limentinusand could, for
example, giveC. breistrofferiby cladogenesis), but the stratigraphic data abkil on the
northwestern margin of the Tethys show themicostiteggen. nov. appear at the same time as
their supposed ancest@assendicerasThis observation remains problematic in the cxnte
of the hypothesis of an ancestor-descendant rekdtip. That said, a possible common
ancestor foiGassendiceraandLenicostitesgen. nov., or the hypothesis loénicostitesgen.
nov. as an offshoot dbassendicergsare not discarded only stratigraphically, butytiaee
mostly ontogenetically (see above point 1): the mmm ontogenetic development of
Hemihoplitidae (Heberti, Barremense, etc. stagesjat only present in the Tethyan late
BarremianGassendicergdut also in their Moroccan ancesta@&aésendiceras essaouiiaa
the top-early Barremian (see Bert and Bersac, 208)g before the appearance of

Lenicostiteggen. nov.

In summary, to consider the hypothesis Lanicostitesgen. nov. as an ancestor of the
Hemihoplitinae would lead to imagine a period obletonary stasis separated from two
phases of rapid evolutionary changes by two majeals. The first rupture could only be the
result of a very sudden progeny, with abrupt regjogsof the size and major reconfiguration
of the shell, which would lead to the loss of heteorphy between the Tethyaa. cf.
essaouirag or MoroccanG. essaouirae and L. rusticus gen. nov. Cases of progenesis,
sometimes involving extensive restructuring of tleganism, have been described
(Dommergues et al., 1986, p. 345-348; Landman e1291; Bert, 2004, p. 121-122). On the
other hand, they do not explain the total lossh& ontogenetic stages (especially those
known in the innermost whorls of every Hemihopki#) and the second break betwéen

rusticusgen. nov. andC. breistrofferj with a complete reverse restructuring and thedsad
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reappearance of the ancestral ontogenetic stagebe(ti and Barremense stages). This
inverse and exact restructuring would be a vioratd Dollo's rule of the irreversibility of
evolution (Dollo, 1893; Gould, 1970), which goesytwed the simple repeatability or the
iterative evolution of certain characters (seeewample Bert et al., 2018, p. 182); as such it
would be highly unlikely. All the arguments devebgp above are likely to rule out

Lenicostitegen. nov. from the Hemihoplitidae.

6.2. Hypothesis (2)-enicostiteggen. nov. as an ‘hemihoplitid-like’ homeomorph

As stated above (chapters 4, 6.1), it is now dlearLenicostitesgen. nov. is not linked with
the Hemihoplitidae: on the one hand, this genusoisat the origin of th&€€Camereiceras
which succeed directly to theassendicerag the upper part of th€. alpinumSubzone by
the reduction of the Barremense stage in the imterls and by the centripetal development
of the Camereiceras stage (Bert et al., 2006, 2B&8&; and Bersac, 2013). And on the other
hand, Lenicostitesgen. nov. is not derived from th@assendicergsof which it is not an
offshoot.

As Lenicostitesgen. nov. is independent of Hemihoplitidae, itresgnts a pure case of
homeomorphy. In the same way, there is no reasthirtk thatLenicostitegyen. nov. may be
related, other than by the same phenomenon of hoiwgahy, to Homeomorphitinae subfam.
nov. or to other groups detailed above (chaptereSpecially because of the important
geographical, stratigraphic and phyletic hiatuaes, apomorphies specific to these groups. In
the current state of knowledgeenicostitesgen. nov. could be considered as a cryptogenic
taxon. It could possibly have a migratory origin §ven its simultaneous appearance in the
south-east of France witbassendicerasunder favorable climatic and paleogeographic

conditions (Bert and Bersac, 2014).
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Reasons for this particular widespread homeomanpldsuld be linked to the simplified
generalist ‘hemihoplitid-like’ morphology, making easily reproducible. Considering the
Pareto optimality theory applied to ammonites (Ten@t al, 2015), the 3D morphospace
occupation of ammonoid shell, based on the Rauafameters, occurs in a square pyramid
with 5 vertices. Each of these extreme point of Bageto space corresponds to archetype
morphology optimized with respect to a single téstnstraint). Tendler et al. (2015) have
inferred these constraints as hydrodynamic effoyemshell economy, rapid growth and size
(including compactness). As said above (chapter), 5tiie ‘hemihoplitid-like’ shell
morphology takes place in the middle of the pyrantiiich a position fits generalist
morphologies, in the zone of maximum equilibriuntvieen the different constraints that
govern the construction of ammonite shells, namaeBareto-optimal solution. It is therefore
expected that the morphologies at the equilibriuimthe constraints (knowing that this
optimum can vary depending on the environment)tlaeeeasiest to reproduce and therefore
the most often imitated (convergence). As this,hsoccupation position in the W-D-S
morphospace is mainly explained by convergence Bageeto-optimal solutions, rather than

only phylogenetic relationships (Tendler et abD12, p. 11).

6.3. Homeomorphy as a result of convergence, parsith or iterative evolution?

It is well known that ammonites are a remarkabledehofor the study of phenotypic
evolution, even if only their shell is accessiblhis shell secreted by accretion performs the
development of structures and morphologies suffitye diversified to allow the
paleontologists not only to recognize the differeeda and evolutionary patterns, but also to
try to understand their processes. However, duéstaature and construction, the shell of

ammonites necessarily develops sooner or later bomoghies between different taxa that
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may or may not belong to different lineages andfowvery different times. Examples of
homeomorphy in ammonites are numerous and havetheewource of many discussions (see
for example Kennedy and Cobban, 1976, p. 41-42 ndbet al., 2015, p. 97 and Walton and
Korn, 2017 with references). The consequencesisfgilenomenon and their perception by
the researchers (with all the risks of producintyployletic taxa), had already been noted by
Kilian in 1910: they can have major implications piylogenetics, systematics and on the
understanding of the evolutionary fact. In thispexd, the case dfenicostitesgen. nov. is
demonstrative of a peculiar ammonite, since itgmesa part of the diagnostic characters of
Hemihoplitinae but with a discordant stratigrapldistribution, which, without a more in-
depth study, could have led to some wrong conahssiwith respect to the evolution and
classification of the whole group (e.g. Vermeul&996, 2005).

In a very Darwinian framework, it is expected thhe external constraints of abiotic
(environmental factors) and biotic (intra- or irsj@ecific competition) factors constrained
adaptation of the morphology of the ammonites sfedlaptive selection). It is generally
accepted that homeomorphy between two forms coeldhb result of a morphofunctional
adaptation linked to a similar way of life and thosthe occupation of the same ecological
niche. The influence of these extrinsic constrairds often been overestimated with respect
to internal constraints (construction, developmemd of course also genetic, but this aspect
inaccessible in ammonites can only be deduced)realsethe evolution of organisms is an
equilibrium between various mutually interactingogesses (see Monnet et al., 2015).
Understanding these constraints, and the relatipeastmong them, is necessary to understand
the causes of homeomorphy, which can be expressemrding to different evolutionary
phenomena, either convergence or parallelism (ndtatly exclusive). The case of iteration

is a little different, and although it is usuallpnsidered as a form of convergence, it can
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sometimes be a mixture of both and in this caseebpg constrained by intrinsic factors (see
below the example of th@regorycerasSpath, 1924a).

Convergence and parallel evolution are a main soafciomoplasy, and following Serb and
Eernisse (2008) they are distinct concepts (Fig. @ynvergence appears to be the
independent evolution of similar structural or ftiaoal components in two or more unrelated
lineages. The homeomorphs given by evolutionarywemgence do not share a common
ancestor and they have evolved convergently tosdme morphology, mainly because of
adaptation to similar conditions (Fig. 8A — extdroanstraints, see above).

In parallel evolution (Fig. 8B-C), two (or morephdiages have similar ancestral phenotype
and the descendants have evolved in trajectoriegarts similar morphology. Parallel
evolution assumes that the same common developmpntaesses are independently
involved between the lineages (intrinsic factond dhus is more frequent in closely related
organisms. Parallel evolution would also be subjeatatural selection, but obviously when
the genome is still close between the lineagey, whk be more likely to evolve identically in
the same environment (Tintant, 1963, p. 474-475).

Iterative evolution uses the notion of repeatapitit the phenotypic traits (Fig. 8D—E). This
repeatability is usually argued by an adaptive sasp to changes in environmental cycles
(Milankovitch, 1941), and thus would be totally éapent on external constraints (selection
pressure — Bayer and McGhee, 1984). Examples shatvammonite lineages that have
evolved iteratively are from generalist pools, eathdistributed in pelagic environments,
which have drifted to more specialized forms irtfolan edge environments (see the example
of Physodoceraddyatt, 1900 in Hantzpergue, 1987, p. 520). Thenteuexample of the
Gregoryceraswhich have evolved from tHeeltoceratoidesSpath, 1925, shows that iterative
evolution can also be expressed as a result ofvalutenary crisis (punctuated event of

proteromorphosis type in the sense of Guex, 20@86jch leads to the reappearance of



1011

1012

1013

1014

1015

1016

1017

1018

1019

1020

1021

1022

1023

1024

1025

1026

1027

1028

1029

1030

1031

1032

1033

1034

1035

ancestral characters (here the duplicated ventbadrtles, specific t®eltoceratoidesat the
end of the lineage ifGregoryceras— Bonnot, 1995; Bert, 2004, 2014). In this ca$e t
morphological iteration is linked to a common génétheritance (internal constraint) and
everything happens as if the punctuated event wadgelt the evolutionary trend and revive it
on the same bases, which finally lead to homeonmoiyhevolutionary parallelism shifted in

time.

It does not seem possible to invoke a phenomengarmailel evolution betweelenicostites
gen. nov. andHemihoplites nor an evolutionary iteration like thehysodocerasor the
Gregorycerasexamples. On the one hand, there is no phyletiximity betweerlenicostites
gen. nov. and the Hemihoplitinae (see the argunumsloped above in chapters 4, 6.1), and
on the other hand the general common morphologyd®st these groups is rather generalist
in a Pareto-optimal solution and does not requirdnvoke great ecological adaptations
towards a constrained specialization. Finally,rtast appropriate model in this case is that of
homeomorphy given by evolutionary convergence, twhatso supposes that the external
constraints are the strongest to reproduce thes ofgeneralist ‘hemihoplitid-like’” simplified

morphology.

7. The principle of Gause applied toLenicostites gen. nov.. a matter of competitive

replacement in favor of Hemihoplitinae

The principle of competition for the struggle foxistence is at the root of the Darwinian
theory, wherethe extinction of ancient forms is the almost iteMe consequence of the
production of new formsi(Darwin, 1859, reprint of 2008, p. 410). Competitiis an

extremely complex phenomenon subtended by theaictien of two different processes:
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exploitation (the use of a resource in necessdiifyted quantity) and interference (the
interaction between the organisms affecting thereduction or their survival). Interspecific
competition has been studied in laboratory on warigroups (e.g. paramecium for Gause,
1935, beetles for Park, 1962) and experimentallteediave shown that in a given stable
environment, two species that use the same tyfienéd resource cannot coexist for a very
long time, which tends systematically to extinctiointhe least ‘fit' species because of the
competitively superior species (Benton, 1996; ®@nP008). There are many examples of
the Gause principle of competitive replacement thave allowed it to be generalized
(Maynard-Smith, 1983; Rosenzweig, 1995; Simpsolm3i%tanley, 1979; Stebbins, 1974),
but the concept of aptitude is not always very rcl@®ark's experimental work (1962) has
shown that the result of competition between twecgs depends both on intrinsic factors but
also on the environment, which may be more or f@gsrable to one or the other species. It
turns out that the surviving species is not systmaley the most favored at the beginning,
nor the most representative in number of individualven if it is the most expected and the
most frequent case. This could be explained byfdbethat, in a natural environment (Case
and Taper, 2000), competition between two spe@dsiaes the both population densities,
which decreases local adaptation (local adaptat@mrcerns all changes in the frequency of
genes, and the resulting phenotype, in responselé¢ctive pressures associated with the local
environment). Despite the fact that this leavesmdor a certain amount of chance, the
strength of interspecific competition also dependsphenotypic similarity and plasticity:
greater phenotypic variability seems to induce duc&on in the negative effect of
interspecific competition for the concerned tax@®urgess et al., 2013, with references;
Morten and Twitchett, 2009).

In paleontology, these competitive interactions atél poorly studied, especially in

ammonites, and most often after mass extinctiontsv@enton, 1996; Morten and Twitchett,
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2009; Hautmann et al., 2015). However, accordingaime authors (Benton, 1996; Stanley,
1974, 2008), the role of competition has geneiadlgn exaggerated by paleontologists, and it
would only play a minor role in most ecological coomities because of the regulating action
of predation, which would exert a pressure suchocaslesaturate the ecological niches.
Although sessile communities, such as bivalve nsé&liyare more susceptible to the effects of
predation than to competition, the same is not flarevagile forms such as mammals,
trilobites, or ammonites, which are subject to ghhiate of evolution (Stanley, 1974), and for
which competition is likely to play an importaniean terms of evolutionary divergence (the
‘centrifugal force of evolution’ of Mayr, 1963). Tk, the rate of evolution is as high as
competitive interactions between species is inteAsethis, every successful adaptation of
one species is done at the expense of the othelesd&/ing in the same ecological niche. In
other words, as stated in the Red Queen theorypdnmanent evolution of a species is
necessary to answer the fithess of the other spesith which it co-evolve to avoid
extinction (Van Valen, 1973): in the Darwinian frajronly the fittest species would survive

in such a run.

By the foregoing, and based on the principle of photogy linked to functional needs in
ammonites (e.g. Westermann, 1996; Lukeneder, 28i&)on the constraints highlighted by
the Pareto-optimal theory (Tendler et al., 2016is reasonable to think that the morphology
of Lenicostitesgen. nov. suggests that it occupied an ecologidethe very similar to
Hemihoplites feraudianusnd adults microconchs of Hemihoplitinae with sthoabbed
body chamber@amereiceras marchandind C. limentinus— see Fig. 5B, C)Lenicostites
gen. nov. was not contemporaneous withferaudianus but it was withC. marchandiand
limentinus which was a favorable condition for the estaliseht of interspecific

competition. As seen abov€amereicerafas characteristics generally associated witlebett
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competitiveness compared kenicostitesgen. nov.: (1) the adult size @famereicerads
larger, which presumably conferred it certain adages in terms of defense against predation
(Tendler et al., 2015, p. 6), increased food coitipef increased success in mating and
reproduction, increased individual longevity, arettér energy use (see also Monnet et al.,
2015, p. 116, with references); (2) Hemihoplitireme much more dynamic with a higher
evolutionary rate (rapid succession of species)lewtenicostitesgen. nov. seems to be in a
period of evolutionary stasis; (3) in terms of eg@ntativenes§€amereicerass much more
abundant thahenicostiteggen. nov. in the deposits, which suggests thaefsoductive rate
was higher (higher fitness); (4) preliminary stdidwork in progress) show that
Camereicerashas an extraordinarily wide intraspecific variékil(combination of both
heterochronies and multipolar variations in thesseof Bert, 2014a, b), between forms highly
tuberculate in the inner whorls and forms much nsdeader. In any case, this variability is
much higher than that ofenicostitesgen. nov., where it concerns the robustness of
ornamentation only (see description). This highfedénce in variability between the two
groups could explain thafamereicerashas better supported competition withnicostites
gen. nov. by a lesser impact of its negative effeddf course, with only partial
paleontological data (external ammonites shellyethie no guarantee that this example is
evidenced or random, but here we interpret thepgisarance ofenicostitesgen. nov., very
soon after they meet the re-coiled Hemihoplitin&ganiereicerasmarchandi and C.
limentinus— Fig. 5), by the effect of interspecific competit in this hypothesid,enicostites

gen. nov. is a victim of the Gause Principle dsst the Red Queen race.

8. Conclusions
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The evolution, biostratigraphy and systematics hef ammonite family Hemihoplitidae is
nowadays well known. Concerning the subfamily Hespllinae, the genu€amereicerass
derived from the genuSassendiceragGassendiceratinae) in the tGassendiceras alpinum
Subzone (Bert and Bersac, 2014). The oldemereiceragetain some characters from their
ancestor (ornamentation pattern, general heterdmwnmorphology and, above all, their
ontogenetic stages), and their microconchs havedatt simplified morphology with smooth
identical ribs. Later (in th&€amereiceras limentinuSubzone)Camereiceragyives rise to
Hemihoplites of which the evolution shows a progressive reidacof the tubercles to give
finally the simplified morphology known ii. feraudianuswith weak tubercles. All this
evolution is actually restrained to the north-w&sthyan margin (Fig. 7) at the early late
Barremian only T. vandenheckeaind G. sartousianazones — Fig. 1). In this context, the
genuslLenicostiteggen. nov. that suddenly appears in the middkeandenhekebubzone with
its simplified morphology very close tdemihoplites feraudianugcompare Fig. 2—3 with
Fig. 4) is unexpected because of its older agéirefetammonites subzones, contemporary of
the generasassendicerasind Camereiceraqin several occurrences according to new data
collected in southeastern France — this work). Desgs large stratigraphic range,
Lenicostiteggen. nov. appears to be monospecificrgsticusgen. nov.) and in evolutionary
stasis, unlike the Hemihoplitinae that show a haéylutionary rate. It is undeniable that
Lenicostitidae fam. nov. are morphologically vertpse to Hemihoplitinae, however, the
stratigraphic, ontogenetic, evolutionary and systsenanalyses show that there is no
connection between these families and that themielsace is purely a case of homeomorphy,
as they occupies the same solution in the morpladbgpace of the Pareto optimality theory

applied to ammonites (Tendler et al., 2015): theamihoplitid-like’ morphology.
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In the light of theLenicostitesgen. nov., it is possible to re-examine the numero
occurrences of Hemihoplitinae reported in the ditere in localities sometimes very distant
from each other and from the Tethyan domain or dk@n the upper Barremian, which are
sometimes contradictory with the evolutionary higtof the group. The critical review of
these reports allows a drastic revision and ctaifon of the systematic and paleogeographic
distribution of Hemihoplitinae as a whole: untibpen otherwise, there is no Hemihoplitinae
outside the north and west margins of the Tethyaal®R (including its Caucasian margin in
the east, and the Essaouira Basin in Morocco alirtiieof the Proto Atlantic Ocean in the
west). Actually, the ‘hemihoplitid-like’ morphologyis iterative at the Valanginian,
Hauterivian, Barremian and Aptian in several taxtnaut any phyletic links, which develop
it by homeomorphy.

For example, it is now certain that the gefitismihoplites’reported in Patagonia (Argentina
— Riccardi and Aguirre-Urreta, 1989; Aguirre-Urre2®02) actually corresponds to a genus
of ammonite endemic to the Austral Basin, identifreere undeHomeomorphitegen. nov.,
which evolves locally from the early Hauterivian tbe late Barremian by allometric
hypermorphosis (heterochrony).

In the same way, it is possible to propose a dimwutletic link from Shasticriocerasto
Antarcticocerasbased on data from Chafarcillo Basin (Chile — Maes, 2007). This
evolution is done by the simple acquisition of adidonal tubercle at the top of the flanks
very early during ontogeny. The attribution of 8peciesA. domeycanunflate Barremian) to
the genusAntarcticocerasand the description dk. perezinomen nudum at the base of the
early Aptian make possible to fill the stratigrapbnd morphological hiatus between the both
two genera and to classify them together withingame family: the Shasticrioceratidae fam.

nov.
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These examples, which are independent from the kughiidae, show that the shared
‘hemihoplitid-like’ morphology is widespread, geakst and thus easily reproducible under
the Pareto optimality theory (Pareto-optimal salatin the zone of maximum equilibrium
between the different constraints that govern tlmmstruction of ammonite shells).
Homeomorphy is common in ammonites, and in the oakenicostiteggen. nov. it is due to
convergence (Fig. 8A) rather than parallelism (BiB—C) or iterative evolution (Fig. 8D-E).
Such homeomorphy could be the result of a morplatifimmal adaptation related to similar
living conditions (external constraints). The appeae of Camereiceraswith a non-
heteromorphic shell (Fig. 5B-C) established favigalronditions for interspecific
competition. Camereiceras has characteristics generally associated with ebett
competitiveness compared lt@nicostitesgen. nov.: larger adult size (Tendler et al., 2015
better evolutionary dynamics, probably higher relpiiive rate and greater intraspecific
variability (see Monnet et al., 2015, p. 116, witferences,). Thus, the disappearance of
Lenicostiteggen. nov., very soon after they meet the re-cdilechihoplitinae Camereiceras
marchandiand C. limentinu}, could be interpreted as the effect of interdjecompetition,

to go so far as a complete competitive replacemerthis hypothesid, enicostiteggen. nov.

is a victim of the Gause Principle as it lost thedRQueen race (the permanent evolution of
species being necessary to answer the fitnesseafttier species with which it co-evolve to

avoid extinction — Van Valen, 1973).
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Figure captions

Figure 1: Biostratigraphic chart of the upper Barremian (ssferences in the text), with the
repartition and phylogeny of the Hemihoplitidae gared to the Lenicostitidae fam. nov. In
the Hemihoplitinae the species of the gen€amereicerasand Hemihoplites are: 1,
Camereiceras breistroffe(uncoiled shell)2, Camereiceras marchandight uncoiled shell);
3, Camereiceras limentinugfully coiled shell); 4, Hemihoplites cornagoa¢fully coiled
shell); 5, Hemihoplites astartgfully coiled shell);6, Hemihoplites feraudianu@ully coiled

shell).

Figure 2: Lenicostites rusticugen. nov. from the upper Barremian (Lower Cretasgof
southeastern Franca, the holotype (4141351) figured by Vermeulen (19863, fig. 2-5),
from the Saint Martin ravine section (bed 20) ie treritic domain Gerhardtia sartousiana
Zone,Camereiceras limentinuSubzone and Horizonlg, body chamber of an adult specimen
in two parts (RNNGHP.DBT.04007-A'/149-4.AJ49) frotmed A’/149-4 in the pelagic
domain Toxancyloceras vandenheck&one and Subzonel;, robust specimen from the
‘Camereiceras limentinuseds’in the neritic domain (RNNGHP.DBT.04171-MAN.BB34),
section MAN (Gerhardtia sartousianaZone, Camereiceras limentinusSubzone and
Horizon); D, robust specimen (RNNGHP.SBC.06050-TAI/99.TAI15&)nt bed TAI/99 in
the neritic domain T. vandenheckeior G. sartousianaZone); E, slender specimen
(RNNGHP.DBT.04007-A*/149-3.BA54) from bed A’/149-4n the pelagic domain

(Toxancyloceras vandenheck&ine and Subzone).
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Figure 3: Nearly complete robust adult bénicostites rusticugvermeulen, 1996) gen. nov.
(RNNGHP.SBC.06050-TAI/99.TAI153) from the upper Bamian (Lower Cretaceoud.,.
vandenheckerzone orC. limentinusSubzone) of section TAI/99, southeastern Fraide.

lateral view;A2, ventral view.

Figure 4: Hemihoplites feraudianugrom the upper Barremian (Lower Cretaceous) of
southeastern France (Angles ardgagrhardtia sartousian&one, Hemihoplites feraudianus
Subzone and HorizorA, macroconch specimen with smooth stage (RNNGHP.DEIQ7-

G12b/336.BA68)B, microconch adult specimen (RNNGHP.DBT.04173-GR8RBAGT).

Figure 5: Camereicerasfrom the upper Barremian (Lower Cretaceous) oftiseastern
France;A, macroconch specimen &amereiceras limentinuBom La Gaude Gerhardtia
sartousianaZone,Camereiceras limentinuSubzone and Horizon — RNNGHP.DBT.06065-
VA/11b.BB32) in the neritic domainB, microconch adult specimen dfamereiceras
limentinus from the Angles areaGerhardtia sartousianazone, Camereiceras limentinus
Subzone and Horizon — RNNGHP.DBT.04173-GRY/883a@HB8 the pelagic domairC,
microconch adult specimen ofCamereiceras marchandifrom the Angles area
(Toxancyloceras vandenheck&one, Gassendiceras alpinunSubzone, Camereiceras
marchandiHorizon —RNNGHP.DBT.04007-A*/156-15.BB29), noteetbncoiling of the last

whorl (body chamber).

Figure 6: Correlation of the biostratigraphic charts betweaba north-west Tethys, the
Chaniarcillo and Neuquén Basins (Chile and Argetifatagonia (Austral Basin) and
California, with repartition of the ammonites witemihoplitid like’ morphology. See text

for the bibliographic references and explanations.



1600

1601

1602

1603

1604

1605

1606

1607

1608

1609

1610

1611

1612

1613

1614

1615

1616

1617

1618

1619

1620

1621

1622

1623

1624

Figure 7: Paleogeographic map of the Barremian age showaglistribution of: the north-
west Tethys Hemihoplitidae (stars, the white stainfs out the Vocontian basin in
southeastern France and also the Lenicostitidae fi@w), the Austral Homeomorphitinae
subfam. nov. (squares), and the Circum-Pacific Biraxeratidae fam. nov. (hexagons).

Data from literature (see text), map modified aBarron et al. (1981).

Figure 8: The different patterns of homeomorphy in ammonitesnbers 1 to 4 are different
species; circles, squares and triangles are diffgshenotypes; letters a and b are different
processes; dash-lines separate different envirotsm&n homeomorphy by convergence is
given by evolution of independent processes (a@rdwards similar morphology (circles) in
two or more unrelated lineages (here 1-2 and 3n&jnly because of adaptation to similar
conditions (external constraints). This is the daseexample with thé.enicostitesggen. nov.
and Hemihoplitinae;B and C, homeomorphy by parallel evolution is given where th
descendants of the same ancestral phenotype (sdecsguare) have evolved in trajectories
towards a similar morphology (circle). Here, thensacommon developemental processes
was involved independently (a — intrinsic fact@ge for example the parallel evolution of
two Devonian ammonoid families (Auguritidae Bogeski, 1961 and Pinacitidae Hyatt,
1900) in Monnet et al. (2015, iterative evolution can be given by adaptive caogeace,
which gives the repeatability of the phenotypidtsrdextrinsic factor). In that case (see the
example ofPhysodocerasn Hantzpergue, 1987), ammonite lineages 2 andve levolved
iteratively in platform edge environment (whatetlee processes involved, a or b) from the
generalist pelagic pool IE, iterative evolution can be also given by evolusion crisis
(punctuated event of proteromorphosis type - isitinfactor), which leads to the

reappearance of ancestral phenotype (circle), whatie processes involved, a or b. This



1625 special case of parallel evolution shifted in timeknown, for example, ifGregoryceras
1626  which finally repeated the morphology known in #@scestorPeltoceratoidegsee Bonnot,

1627  1995; Bert, 2004, 2014).
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