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ABSTRACT - A comparative ontogenetic-biometric analysis applied to a newly-collected, stratigraphically homoge-
neous samples of Eurycephalites vergarensis [M] and Xenocephalites gottschei [m] shows they are the macro- and
microconch dimorphs of a single bio-species. Both dimorphs are identical up 18mm in diameter (“critical diameter”).
Strong morpho-ornamental differentiation of the [m] relative to the [M] developed beyond the critical diameter, as
a consequence of: a) an heterochronic process, progenesis; b) a late modification probably linked to sexual maturity,
a trend to body chamber uncoiling; and c) epigenetic outgrowths combined with acceleration in mature costulation.
These two lagt modifications are hard to explain in terms of heterochrony. The previously known material of the spe-
cies shares the same morpho-ornamental patterns and dimorphic relationships. Both dimorphs must be given the
same, single specific name: Eurycephalites gottschei (TornquIST, 1898) [M&m]. A detailed systematic description is
given for this species.

KEYWORDS: CALLOVIAN, AMMONITINA, EURYCEPHALITINAE, ONTOGENY, SEXUAL DIMORPHISM, COMPLEX
PROGENESIS.

RESUME - Une analyse biométrique comparative prenant en compte I'ontogénése est appliquée a4 un échantillon
stratigraphiquement homogéne comportant Eurycephalites vergarensis et Xenocephalites gottschei. Elle montre que
ces deux formes sont les dimorphes, respectivement macroconque [M] et microconque [m], d’une unique espece bio-
logique. Les deux dimorphes sont identiques jusqu’a un diameétre de 18mm (=diamétre critique). Au dela de cette
taille on note, chez le microconque et par comparaison avec le macroconque, de fortes différenciations dans la géomé-
trie et Pornementation des coquilles; celles-ci seraient la résultante: a) d’'un processus hétérochronique, la progéne-
se; b) d'une modification tardive probablement liée 4 'acquisition de la maturité sexuelle, la tendance-au déroule-
ment de la loge d’habitation; et ¢) des modifications épigénétiques associées a une accélération mature de la costu-
lation. Ces deux derniéres modifications restent difficiles & interpréter en termes d’hétérochronie. I’analyse d'un
matériel complémentaire se rapportant au méme groupe d’ammonites montre un dimorphisme identique et des
caractéristiques morpho-ornementales équivalentes. Il convient, en conséquence, d’accorder une dénomination spé-
cifique unique aux deux dimorphes: Eurycephalites gottschei (TornquisT, 1898) [M&m]. Une description systéma-
tique détaillée de Pespéce est donnée en complément de 'analyse.

MOTS-CLES: CALLOVIEN, AMMONITINA, EURYCEPHALITINAE, ONTOGENESE, DIMORPHISME SEXUEL,
PROGENESE COMPLEXE.

INTRODUCTION concurrent) beyond a given size up to which both

. ) . juvenile dimorphs are identical at the morphologi-
A large proportion of the Jurassic Ammonitina  ¢al, ornamental and sutural levels. This size,
develops a sexual intraspecific polymorphism expressed as the conch diameter, may be conve-

expressed as morphologic dimorphs, differing in niently called the critical size or diameter (DC) and
adult size: the macroconch [M] and the microconch may be taken as the growth step at which the [m]
[m], thought the female and the male respectively. may have reached its sexual maturity, with subse-
This dimorphism may be described as a morphoge- quent terminal morphologic changes linked to ter-
netic and/or ornamental divergence (generally minal germinal development.



In order to explain the differential size and the
morpho-ornamental divergences between macro-
and microconchs in several Lower and Middle
Jurassic ammonites, Tintant (1963 feste Guex
1970: 3) has suggested, then Guex (1981) has pro-
posed the occurrence of neoteny -reduced rate of
somatic development- and progenesis -onset of
maturity at an early stage of development- in the
microconchs relative to the corresponding macro-
conchs. At an intraspecific level these heterochro-
nic processes produce paedomorphic patterns of
retention of macroconch juvenile characters in the
adult microconch.

Detection of dimorphism, as well as the establish-
ment of dimorphic correspondence between two
forms, may be done from complete adult indivi-
duals (Callomon 1981) and/or from complete
“growth series” of stratigraphically homogeneous
samples, because what are thought to be the
conchological, secondary sexual characters are
developed only after the DC. Signs of maturity in
ammonites have been analyzed by many authors
(see Callomon 1981 and references therein): modi-
fication of the body chamber through change of
coiling and variocostation, crowding and simplifi-
cation of the last septal sutures, and modification
of the final peristome.

Eurycephalites vergarensis (BURCKHARDT, 1903)
[M] and Xenocephalites gottschei (TORNQUIST,
1898) [m] (both of the Eurycephalitinae Thierry
1978) share almost the same biostratigraphic dis-
tribution all along the Vergarensis Zone of the
Lower Callovian at the Argentine-Chilean Andes
(Riccardi et al. 1988, 1989). Moreover E. vergaren-
sis (BUrRckHARDT) is the only recorded species of
the genus for this Zone. Recently Riccardi &
Westermann (1991) have revised all the known
material of these two morpho-species, suggesting
a possible dimorphic correspondence. But lack of
adult individuals with preserved inner whorls
prevented those authors from testing such hypo-
thesis.

The Vergarensis Zone in Chacay Melehué (locus
typicus) comprises some 30m of dark-grey to
black shales with several beds with abundant fos-
siliferous nodules and concretions belonging to
the Los Molles Formation. At this locality, in the
basal levels of that Zone, probably the equivalents
of beds M267-8 of Riccardi et al. (1989: fig. 2), it
has been collected a sample of three sideritic
nodules and five concretions containing several
well preserved juvenile and adult specimens of E.
vergarensis (BURDKHARDT) [M] and X. goftschei
(TorNquisT) [m]. This material has allowed the
study of the inner whorls, including the protocon-
ch in some of the specimens, showing, after dis-
section, identical nuclei up to about 18mm in
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mean diameter, onwards from which the charac-
teristic adult morphologies may be discriminated.
This fact agrees well with the hypothesis of
dimorphic correspondence between those two
morpho-species.

The present work has three objectives: 1) to
demonstrate and characterize the sexual dimor-
phic correspondence between E. vergarensis
(BurckHARDT) [M] and X. gottshei (TORNQUIST) [m]
by means of a comparative ontogenetic-biometric
analysis applied to the new material, as a sample
of a single biospecies, and to the previously known
material; 2) to propose the nomenclatural changes
that seem the most appropriate ones to take in
account the biospecific identity between these two
morpho-species; 3) to give a detailed systematic
description of the whole development of the
dimorphic species.

The material was collected in Chacay Melehué,
northern Neuquén, 33Km northwest of Chos
Malal on National Road 43 towards Andacollo.
This collection is housed at the Laboratorio de
Paleontologia y Biocronologia (LPB) of the Insti-
tuto de Fisiografia y Geologia (Universidad Nacio-
nal de Rosario).

MATERIAL AND METHOD

The material, which we will call standard sample
(MS), comprises 28 juvenile and adult macro-
conchs, 19 adult microconchs and 12 undifferencia-
ted juveniles (D<18mm) which may belong to
either of these two suspected dimorphs. Almost all
these specimens are complete, with phragmacone
and body chamber; only 3 undifferentiated juve-
niles lack body chamber. This assemblage comes
from a single fossiliferous level and is clustered
into a few nodules and concretions, ensuring the
isochronous nature of the MS and consequently the
exclusion of temporal and geographic components
from the whole intraspecific variation. Taking the
MS as reference, all the available material of that
studied by Riccardi & Westermann (1991) was
introduced as complementary material (MC) in
order to cover the whole stratigraphic range of the
two morpho-species.

Classical conchological measurements which
cover the greatest part (>90%) of the variation of
growth and morphology in ammonites (see
Reyment & Sandberg 1963; Thierry 1976) were
used (Fig. 1): shell diameter (D), umbilical width
(U), whorl width (W), and whorl height (Hy).
Additionally, the following measurements were
used: whorl ventral height (H:), and numbers of
primary and ventral ribs along the last half whorl
at the measured diameter (P and V respectively). -



FIGURE 1 - Measurements
used as biometric data.
See explanation in text.
Dimensions mesurées. Ex-
plication dans le texte.

Hy

W

All specimens of the MS were measured at seve-
ral successive diameters, approximately every 0.5
whorl back from the peristome. These data were
subdivided into several subsamples correspon-
ding to successive developmental stages (ED):
ED;, D<DC=18mm; ED:, DC<D<60mm; and EDs,
D>60mm, attained only by macroconchs. This
makes possible a comparative study of preadult
(limit at DC) and adult growth rates and relative
morphology separately, in both juveniles and
adults simultaneously. All measurements were
made on inner moulds and are given in millime-
ters (mm). Any sample and subsample with a bell-
shaped frequency distribution was taken to be
adequate for t-Student inferential techniques.
Significance of random variable values are noted
as: (°): P>0.05, not-significant; (*): 0.05>P>0.01,
significant; and (**): P<0.01, highly-significant.

The ontogenetic-biometric analysis is applied to
each character individually through a series of
comparisons between [M] and [m] for ED: and
ED: separately.

Growth - The growth curves were obtained by
means of least-squares regressions on size, taking
as usual diameter D as biological age indicator, and
adopting a curve of growth model Y = aD™ which
gave the best fit (max r?. Curve-fitting and growth
rates comparisons were made through natural-log-
transformed data (InY = Ina + mInD). In this form,
all samples tended to be normally distributed. t-
Student comparisons of growth rates were made fol-
lowing Hald (1952) but using, in case of heterose-
dasticity, a corrected t-percentile (Snedecor &
Cochran, 1967). When growth rates differed in-
significantly, a single common equation was calcula-
ted for all the compared subsamples; when not, a
polyphased model was used. In order to compare the
growth patterns of complementary material with
those of the standard sample, we calculated the
fraction of the former included between the upper
and lower growth curves (me***), which embraces
95% of the theoretical population around the mean
curve calculated for the standard sample.
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Relative morphology - From the data matrix
the following ratios were obtained: U/D, W/D,
H/D, Hy/D, W/H1, P/D and V/D. These measure
the instantaneous state of a character relative to
another and are relatively size-independent. The
mean values were compared by means of a t-
Student test.

Ontogenetic trajectories (sensu Alberch et al.
1979).- Somatic and germinal developments of
[M] and [m] were compared throughout their
ontogenetic trajectories, trying to explain the
observed morphogenetic and ornamental diver-
gences which produce the sexual dimorphism in
terms of developmental heterochronies. The onto-
genetic concepts here applied have been analyzed
extensively by Dommergues (1987), Dommergues
et al. (1986), Gould (1977), Mc Namara (1981,
1986, 1993), Raff & Kaufman (1991), Wray & Raff
(1990). The construction and interpretation of the
graphic representations are based on Alberch et
al. (1979), Dommergues (1986), Dommergues &
Meister (1986) and Mc Namara (1986).

RESULTS

The size distribution frequency of the MS is poly-
modal (Fig. 2a) with two modes which closely cor-
respond to the adult diameters of [M] and [m],
and a third peak which corresponds to the smal-
ler sized juvenile individuals (D<6mm). Macro-
and microconch adult size distributions are bell-
shaped and they do not overlap, there are no
intermediate sized adults. The mean adult macro-
conch size is more than twice that of the micro-
conch (Tab. 1) with a relatively low CV. When the
adults of the complementary material are intro-
duced, the pattern does not change, they lay into
the same size ranges (Fig. 2b), and the differences
between MS and MC are non-significant (Tab. 1).

The three concretions supplied 24 juvenile [M]
(18<D<60mm) and 19 adult [m] (D>18mm). The
macro-microconch ratio, assumed to be the best
estimator of “sex-ratio”, is [M]:[m]=24:19 revea-
ling non-significant bias relative to 1:1 proportion
(X2=0.372, 0.25<P<0.50, df=1). After inclusion of
the 5 adults [M] from nodules, the ratio becomes
[M]:[m]=29:19 revealing non-significant bias with
the 1:1 proportion (X*=1.688, 0.75<P<0.90, df=1),
thus we may assume equal, or very close numbers
of females and males in the original population.

The frequency distribution for the number of mea-
sured diameters for each specimen of the MS fits
to a log-normal theoretical distribution [Kolmo-
gorov-Smirnoff test of goodness of fit for log-trans-
formed variable: Ho=0.158("), df=58]. Taking into
account that for any subsample used in this study
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FIGURE 2 - Size-frequency histograms for the reference sample MS (a), and for the adult macro- and microconchs of MS and com-
plementary material MC (b). Developmental stages (ED) indicated following definitions in text. *: types (the lectotype is a micro-
conch, the allotype a macroconch). Histogrammes de distribution de taille adulte pour 'échantillon de référence MS (a), et pour les
adultes du MS et le matériel complémentaire MC (b). Etapes du développements (ED) en référence au texte. *: types (le lectotype est
une microconque, l'allotype une macroconque).

n x + k0.95 RO CvV Comparison
A) [M] 5 74.2+9.3mm 62.0-80.3mm 9.0
[m] 18 26.1 +2.0mm 20.5-34.0mm 14.9 F=3.48(*),t=19.6(**)
B) [M] 11 69.3+6.8mm 45.0-92.3mm 13.9
[m] 7 25.9£3.6mm 20.5-30.9mm 14.1 F=6.61(%),t=10.7(**)
C) [ M} F=1.84(°), t=0.96(")
[m] F=1.03(°), t=0.11 (")

TABLE 1 - Statistical measurements for the adult size of Eurycephalites gotischei [M&m] and comparisons between dimorphs of
the MS (A), the dimorphs of the MC (B), and the two samples fused of each one of the dimorphs (C). n: sample size, koss: radius of
the confidence-interval of 95% around the mean, RO: sample range, CV: percentual coefficient of variation. Paramétres statistiques
pour la taille adulte de Eurycephalites gottschei [M&m] et comparaisons des dimorphes de la MS (A), dimorphes de la MC (B), et
les deux échantillons des deux dimorphes (C). n: effectif de I’échantillon, kess: intervalle de confiance & 95%, RO: étendue totale de la
variabilité, CV: coefficient du variation exprimé en pourcentage.

the frequency distribution was bell-shaped with a may assume that D is a good (but non-linear) esti-

single mode, and performing a control of regres- mator of age, for comparisons between dimorphs

sion residuals in growth analysis, the autocorrela- of the species at least.

tion was neglected. Growth rates are indicated by the exponent M of

GROWTH CURVES AND RATES the independent variable D. A t-test performed to
U, W, H: and H: growth rates onto the MS yields

From a juvenile macroconch (LPB 029/1) the rela- non-significant differences between [M], [m], and

tion between D and whorl number (NV) was esti- juveniles at ED1. Differences between [M] and [m]

mated by fitting an exponential regression model at ED: are non-significant in W and H: but signi-
in the range 0.77<D<21.00mm; results are: D= ficant for U and H:. Following these results, defi-
0.36e™™  n=8, r=0.9996(**), Syx=0.026. More- nitive single simple curves were fitted for W and

over the partial analysis of several other macro- H.: (Fig. 3) for both dimorphs throughout develop-
and microconch specimens shows that the equa- ment (table 2). Polyphased curves were fitted for
tion obtained represents well the MS (extrapola- U and H: (Fig. 3) with a common branch for both
ted for D>21mm). Thus from this close correspon- dimorphs at ED: and a branch for each one of both

dence in the relation D-NV in [M] and [m], we dimorphs after DC (Tab. 2). This modality does
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FIGURE 3 - Scatter diagrams of W, H1, U, He, V and P versus D for all the studied specimens. Developmental stages (ED) indica-
ted following definitions in text. Regression parameters for the MS in table 2. Types: the lectotype is a microconch, the allotype a
macroconch. Diagrammes de dispersion W, H1, U, Hz, V et P versus D pour tous les échantillons. Etapes du développement (EI) en
référence au texte. Parameétres de la régression pour MS dans la table 2. *: types le lectotype est une microcongue, Uallotype une
macrocongque.

not take in account some doubtfully significant is presented through scatter diagrams only (Fig.

differences between consecutive ED for H: in the 3) because no satisfactory simple regression
[M]. The development of ventral and primary ribs model was found. However these scatters show a
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TABLE 2 - Growth curves para-

ED Dimorph Y=aD= n(N) r g=+ 1968 meters for the the MS of
Eurycephalites gottschei [M&m].
w13 [M&m] 064D 148(59) 0.99(+) 1.29:0.78 n: sample size, N: number of
’ measured specimens, r: correla-
tion coefficient, S: standard
H1 1-3 [Mé&m] 0.46D* 135(59) 0.99(%%) 1.22;0.82 regression error in In-units.
Parameétres de croissance pour la
U 1 [M&m] 0.27D07 38(22) 0.97(+%) 1.35;0.74 MS  Eurycephalites gottschei
2,3 [M] 0.34D0" 39(24) 0.94() 128078 | (M&mL n: effectif de Uéchan-
] - ’ illon, N: nombre de spécimens, r:
2 {m] 0.061 27(18) 0.92(*%) 1.22;0.82 coefficient de corrélation, S:
erreur standard de la régression
H2 1 M&m] 0.32D%" 38(19) 0.98(**) 1.39;0.72 exprimée en In-unités.
2,3 M] 0.52D"" 29(20) 0.96(*%) 1.28;0.78
2 [m] 0.37De% 25(17) 0.86(**) 1.20;0.83

very well-defined tendency with a common pat-
tern shared by [M], [m] and juveniles for D<DC,
and then for D>DC each dimorph has its proper
and decreasing tendency. Comparisons of P and V
between [M] and [m] at ED: yield significant dif-
ferences for both cases. The subsamples of P and
V for [m} and juveniles at ED: are too small to per-
form a t-test, but they are included into the 95%
confidence intervals around the means of the [M].
These results explain the origin of the observed
morphological relationships detected with preli-
minar dissection and described by the ratios of
relative morphology, morphological identity until
DC followed by strong differentiation for D>DC
between [M] and [m] due to differential adult and
preadult growth rates.

The proportions of measurements on the MC
included between the MS upper and lower growth
curves, in accord with the assumption of conspeci-
fity between the two samples were, for all the cha-
racters, very high (88-100%) both in the case of
the microconchs and the macroconchs. The num-
bers of P and V for those samples follow similar
patterns throughout the development (Fig. 3).

RELATIVE MORPHOLOGY

The comparison between [M], [m] and juveniles of
the MS at ED: yields non-significant differences
for all the relative morphology ratios. Analogous
comparisons at ED: between [M] and [m] yield
significant differences in U/D, Ho/D, P/D and V/D,
but differences are not-significant in W/D, Hyv/D
and W/H.:. These relationships in relative morpho-
logy are in agreement with those obtained from
growth analysis.

Comparisons of relative morphology between the
MS and the MC are made character-by-character,
evaluating the proportion of measurements of the
last sample included into the 95% confidence
intervals around the means of the ratios of the
MS. These results show a very high proportion
included (89-100%) in those intervals, and once

again great consistency between these patterns
and those of growth throughout ED: and ED:.

DEVELOPMENTAL HETEROCHRONIES.

The comparative analysis of allometric growth
transformed into relative morphological varia-
tions (ontogenetic trajectories) of one of the
dimorphs relative to the other, may show which
are the processes that produce the heterochronic
patterns between dimorphs. The evaluation of
heterochronies is here constrained by the pre-
vious results, since the ontogenetic trajectories
were assumed to bifurcate, more or less diver-
gently, only for those characters that show signifi-
cant differences in growth rates and ratios. The
selection of the macroconch as reference may be
justified on theoretical palaeobiological grounds
and operational stratigraphical arguments (see
remarks under genus Eurycephalites).

Application of the criteria for maturity in ammo-
noids to the MS shows that the {m] probably achie-
ved sexual (reproductive) maturity at 18mm in dia-
meter, precociously with respect to the [M] which
matures later at approximately 60mm in diameter.
This is suggested by the conspicuous and irrever-
sible tendency of the [m] to change in coiling and to
assume strong variocostation at adult body cham-
ber. Assuming D is a good direct estimator of biolo-
gical age, then the [m] is paedomorphic by proge-
nesis (sensu Gould 1977) with respect to the [M]:
growth in the former is arrested at 30-35mm in
diameter, 0.5-0.8 whorl after DC where germinal
development onset occurs, omiting part of ED: and
ED:. Although progenesis is a process that may
affect the whole organism (Mc Namara 1986: 8),
explaining in this case the observed size relation-
ships between the [M] and the [m], the trajectories
of U/D, H/D, P/D and V/D show a more complex
pattern since they are divergently dissociated from
DC up to the end of development (Fig. 4). Adult [m]
exhibits a strong uncoiling of the body chamber:
increased U/D and H«/D whereas Hv/D remains
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FIGURE 4 - Scatter diagrams of U/D, H¥D, V/D and Hv/D versus D for all the studied specimens. Ontogenetic trayectories and car-
tridges for the MS only. Types: the lectotype is a microconch, the allotype a macroconch. Diagrammes de dispersions U/D, Hs/D,
VD et H:/D versus D pour tous les échantillons. Itinéraires et cartouches ontogénétiques pour MS exclusivement. *: types (le lecto-

type est une microconque, l'allotype une macroconque).

almost constant and undifferenciated with respect
to the [M]. This uncoiling morphogenetic pattern of
the adult body chamber in the [m] is the opposite
to that of tightening developped up to D<12-15mm
(Fig. 4). In this way the adult [m] shows analogous
{non-homologous) coiling with juvenile whorls;
however it may be thought as a feature associated
with sexual maturation (Landman et al. 1991).
Another dimorphic feature is the ornamentation
since the [m] shows, along the adult body chamber,
lower numbers of stronger primary and ventral
ribs than the [M]. The development of relative
numbers of primary and ventral ribs (P/D and V/D)
seems to be accelerated (peramorphic mode) res-
pect of the [M] (Fig. 4). The sudden strengthten of

the ventral and, specially, the primary ribs repre-
sents epigenetic outgrowths (sensu Landman et al.
1991) of the juvenil costulation. Conversely the
macro- and microconch trajectories of W/D and
HvD are not dissociated throughout the develop-
ment (Fig. 5), the precocious maturation of [m] is
not associated with differential morphological
effects on the whorl section.

DISCUSSION AND CONCLUSIONS

The adult size frequency distributions (Fig. 2)
show there are no intermediate adult sizes bet-
ween macro- and microconchs which is in accord



FIGURE 5 - Scatter diagram of
W/H: versus D and whorl number
(NV), mean whorl section (x1) and
cartridges showing shell morpho-
logical stages throughout the
ontogeny of Eurycephalites gott-
schei [M&m]. DC: critical diame-
ter. Shell morphology: 1: smooth,
evolute and depressed, 2: involute
and compressed with fine,
flexuous ribs, 3: involute and
depressed with fine, flexuous ribs,
4a: egressive body chamber, coarse
and low density ribbing, 4b: nar-
row umbilicus, smooth flanks and
coarse ventral ribbing. Other refe-
rences in figure 3. Diagrammes de
dispersion W/H: versus D et NV,
sections axiales moyennes (x 1) et
cartouches ontogénétiques illus-
trant les états morphologiques de
Eurycephalites gottschei [M&m].
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with the criteria of differential adult size between
sexual dimorphs. Relative morphology and costu-
lation change strongly throughout post-embryonic
development in both [M] and [m] (Figs. 3-5,6),
excepting Hv/D, which remains almost constant
throughout, such as in most eurycephalitines. At
ED: both dimorphs are statistically identical in
growth rates, relative morphology and costula-
tion. At ED:, from 18mm in diameter, appear some
divergences between [M] and [m] in costulation
and coiling but their whorl sections remain iden-
tical at comparable diameters. Comparisons bet-
ween MS and MC by means of the confidence-
intervals of 95% of the former show they share the
same subadult and adult morphogenetic patterns
and growth rates, e.i., variation between samples
may be attributed to intraspecific variability.

Heterochronic developmental patterns between
sexual dimorphs are known in living eulimid gas-
tropods (Mc Namara 1993), cephalopods such as
Argonauta showing an extreme sexual dimorphism

(Wells & Wells 1977: 293), and they have been invo-

ked to explain size and morphological relationships
between dimorphs in some lower Jurassic ammo-
nites (Guex 1981). The well established sexual
dimorphism in some otoitid species such as Emileia
(E.) multiformis (GorrscHg), E. (Chondromileia) gie-
beli (GortscHE) and Pseudotoites singularis (Gorrs-
CHE) including macro- and microconchs (Wester-
mann & Riccardi 1979) resembles that of the
Eurycephalitinae in almost all details. For these
cases, and the homologous ones, we should speak of
heterochronic sexual dimorphism with complex
mature progenetic microconchs which are never
duplicate forms of the juvenile macroconch.

According to the above discussion and the results
of the precedent study, we conclude the following:
1) our MS, from a single faunal horizon, repre-
sents a single dimorphic biospecies (sensu
Callomon et al. 1992); 2) the morpho-species E.
vergarensis (BURCKHARDT) [M] and X. goftschei
(TornquisT) [m] share the same morpho-ornamen-
tal patterns and relationships -dimorphic ontoge-
ny- with the [M] and the [m], respectively, of the
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TABLE 3 - Statistical measu-
Dimorph Dimnetes(NV) Character n x+k0.95 CV(%) RO rements for all the studied
specimens of Eurycephalites
[M&m] 0.8< D 2mm U/D 2 0.26 3.8 25-0.27 gottschei [M&m] throughout
(1<NV<2) W/D 3 0.78 12.3 0.68-0.91 the ontogeny. Whorl number
Hv/D 2 0.46 8.7 0.42-0.50 (NV) extrapolated for >21mm.
H:/D 2 0.37 18.9 0.30-0.44 Paramétres statistiques de la
W/H: 2 1.65 9.1 1.50-1.80 totalité des spécimens d’Eury-
cephalites gottschei [M&m].
2<D<4mm U/D 3 0.23 7.1 0.21-0.25 NV extrapolée pour D>21 mm.
(2<NV<3) w/D 8 0.71+£0.06 9.9 0.59-0.82
Hv/D 9 0.4540.05 13.3 38-0.53
H./D 7 0.31+0.05 174 0.25-039
W/H: 8 1.5310.14 10.6 1.34-1.80
4<D<B8mm u/m 7 0.17+0.01 77 0.14-0.19
(3<NV<4) W/D 13 0.55+0.03 84 0.48-0.62
H/D 12 0.48+0.05 14.2 0.36-0.59
H./D 6 0.31+0.06 17.5 0.23-038
W/H: 11 1.14+0.10 12.9 0.92-1.60
P 3 11 46.4 6-18
A% 2 33 9.1 30-36
8<D18mm U/D 18 0.14+0.01 15.1 0.11-0.18
(4<NV<5) W/D 28 0.58+0.02 9.7 0.48-0.71
Hv/D 26 0.49+0.01 6.7 0.43-0.55
H/D 13 0.30+0.02 12.1 0.22-0.35
W/H: 23 1.20+0.05 9.6 1.04-1.47
P 8 10+2 20.0 7-13
v 7 37+4 114 32-46
[M] 18m<60 U/D 21 0.13+0.01 14.9 0.10-0.16
(5<NV<6.5) W/D 32 0.66+0.03 10.9 0.49-0.82
Hv/D 31 0.49+0.01 6.3 0.44-0.57
H./D 19 0.26+0.02 17. 0.19-0.36
W/H: 29 1.36+0.07 12.4 1.00-1.76
P 22 11+1 14.8 8-14
v 23 3443 19.1 25-51
D>60mm U/D 19 0.09+0.01 234 0.03-0.12
(NV>6.5) W/D 19 0.64+0.03 9.8 0.54-0.77
H/D 19 0.52+0.02 6.8 0.46-0.62
H./D 6 0.23+0.02 6.9 0.21-0.26
W/H: 19 1.25+0.06 10.5 1.05-1.53
P 12 443 93.0 0-9
v 19 26+1 9.1 21-29
[m] D>18mm U/D 25 0.15+0.01 14.0 0.10-0.20
(NV>5) W/D 26 0.60+0.02 8.4 0.55-0.78
H/D 25 0.46+0.01 6.5 0.40-0.54
H/D 17 0.27+0.01 75 0.24-0.31
W/H: 25 1.32+0.05 9.0 1.09-1.64
P 25 9+1 17.0 7-13
A% 25 2642 22.5 13-38

MS; 3) these two morpho-species therefore consti-
tute a sexual dimorphic pair, and they must be
given the same, single specific name. This dimor-
phism pointed out for adult size, coiling and orna-
mentation, arises from the progenetic microconch
(truncated in somatic development), modified ter-
minally for the dimorphic characters by mature
changes in coiling and, a combination of epigene-
tic outgrowths with acceleration in costulation, all
with respect to the macroconch.

The heterochronic relationships between the
dimorphs (sexes) of a single species are compa-
rable to those which occur between ancestor and
heterochronic descendant species in phylogeneti-

cal processes. In both cases the processes are
genetically determined; hormonally controlled in
the former and hormonally “induced” in the latter.
In the case of dimorphism, sexual or not, the hete-
rochronic pattern is one of horizontal, intraspeci-
fic variation, but in that of phylogenetical scale it
represents vertical, evolutionary change.

TAXONOMY OF THE DIMORPHIC
SPECIES

Eurycephalites vergarensis (BURCKHARDT) has a
vertical range confined to the Vergarensis Zone



where it is the only recorded species of the genus
(Riccardi & Westermann 1991; Riccardi et al.
1989; Parent in prep.). The vertical range of
Xenocephalites gottschei (TORNQUIST) seems to be
some broader than that of the [M], its base at the
top of the Steinmanni Zone (Upper Bathonian)
and its top at the base of the Bodenbenderi Zone
(Lower Callovian).

Once demonstrated the dimorphic correspondence
between the two nominal morpho-species they
may be united under a single, common specific
name although the two respective types come from
somewhat distant localities and there is no gua-
rantee that they are of the same age, thus they
could not therefore formally be coupled as lectoty-
pe/allotype. But after much analysis it was taken
the decision to unite them taking in account that
all the known material of the two morpho-species
was studied, and consequently, that the statistical
inferences here obtained are meaningful.

The most simple and conservative alternative is
to designate the wpair as E. vergarensis
(BURCKHARDT, 1903) [M&m], including X. gottschei
as a synonym; nevertheless it is not suitable since
Macrocephalites gottschei TorNquist, 1898 has
publication priority over Macrocephalites verga-
rensis BURCkHARDT, 1903. Moreover the genus
Xenocephalites Spat, 1928 includes the micro-
conchs of several macroconch nominal genera
(Eurycephalites, Lilloettia, Stehnocephalites, Inis-
kinites), as was suggested by Riccardi &
Westermann (1991: 72; see Parent & Argtiello in
prep.), and could be expected to be gradually
“emptied” with the advance of the knowledge, to
be supressed once dimorphic correspondences bet-
ween its nominal species and the corresponding
macroconchs are fully established. Conversely the
genus Eurycephalites Spath, 1928 comprises well
defined macroconch species which biostratigra-
phic and geographic ranges are clearly delimita-
ted, and their phyletic relationships have been
worked out with close certainty. Thus the most
appropiate name is:

Eurycephalites gottschei (TorNqQuIsT, 1898) [M&m]
Macroconch: “Eurycephalites vergarensis” (BURc-
KHARDT, 1903)

Microconch: “Xenocephalites gottschei” (TORNQUIST,
1898)
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SYSTEMATIC DESCRIPTION

Superfamily STEPHANOCERATACEAE Neumayr, 1875
Family SPHAEROCERATIDAE Buckman, 1920
Subfamily EURYCEPHALITINAE Thierry, 1978 (1976)
(inc. Paracephalitinae Tintant & Mouterde, 1981)

Genus Eurycephalites Sratu, 1928

Type species.- Macrocephalites gottschei (TORNQUIST, 1898).
Spath (1928) originally designated “Macrocephalites vergaren-
sis” BURCKHARDT, 1903 but this is a junior synonym of “M. gott-
schei” TORNQUIST.

Diagnosis - Dimorphic. Shell globose, slightly
compressed to depressed with subquadrate to
ovate whorl section; involute to occluded umbili-
cus with rounded slope and shoulder. Slightly
flexuous projected primaries dividing on flanks
into 2 or 3 secondaries which cross the venter
without interruptions. In the macroconchs ribbing
fadding away progressively from the inner flanks
to venter on body chamber; in the microconchs
becoming sparse and prominent.

Remarks - Almost all the microconchs are retai-
ned pro temp. in the genus Xenocephalites SpaT,
1928. These two genera were founded at the same
time, so if they are to be united, the choice of
senior synonym is arbitrary. The macroconch is
preferable because it is richer in characters hence
more precisely interpretable chronologically
(Callomon, pers. com.), an operational concept.

Eurycephalites gottschei (TornqQuisT, 1898)

[M&m)]
Figs. 2,6; Tables 1-3

Synonymy - See Riccardi & Westermann (1991: 36, 76).

Lectotype - Tornquist’s (1898: pl. 8, fig. 4) original microcon-
ch, designated as the lectotype of “X. gottschei” by Riccardi et
al. (1989: 567).

Allotype - The macroconch figured by Burckhardt (1903: pl. 2,
figs. 18-20, pl. 3, fig. 4) designated as lectotype of “E. vergaren-
sis” by Riccardi et al. (1989: 565).

Material - The standard sample: 5 adults [M] (LPB 026-028,
030, 031) and 35 juveniles and subadults [M] (LPB 029/1-4,
111, 113-115/1-3, 117, 118, 121-123, 126-133, 137, 142, 147-
150, 155,157, 158), 19 subadults and adults [m] (LPB 112, 124,
125, 135, 139, 141, 143-146, 151-154, 156, 159, 160, 161, 400).
The complementary material (complete information in
Riccardi & Westermann 1991): 14 subadults and adults [M]

FIGURE 6 - 1-11. Eurycephalites gottschei (TorNQuisT, 1898) [M&m]. 1a,b: Complete juvenile [M], compressed variant (LPB 029/4);
the ventral view showing the arched ventral ribs. 2-4: Complete juveniles [M] (LPB 029/1, 128, 127). 5a,c: Complete juvenile [M]
(LPB 154). 6a,b: Complete subadult [M] (LPB 122). 7a,b: Complete subadult {M] (LPB 150). 8a,b: Incomplete adult [M] (LPB 028).
9a,b: Incomplete adult [m] (LPB 112). 10a, b: Complete adult [m] (LPB 144). 11a,b: Complete adult [m] (LPB 151). All figures
natural size. The points indicate the end of the phragmacone. All specimens come from the same single faunal horizon in the
Vergarensis Zone (Lower Callovian) at Chacay Melehué, Argentina. 1a,b: juvénile complet (M] (LPB 029/4), variant comprimé 2-
4: juvéniles complets [M] (LPB 029/1, 128, 127). 5a,¢: juvénile complet. 6a,b: [M] subadulte complet. 7a,b: [M] subadulte complet.
8a,b: (M] adulte incomplet. 9a,b: [m] adulte incomplet. 10a,b: [m] adulte complet. 11a,b: [m] adulte complet. Toutes les figures x
1. Les points indiquent la fin du phragmacéne. Tous les spécimens proviennent d’'un méme horizon faunique, Zone & Vergarensis

(Callovien inférieur), Chacay Melehué, Argentine.
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(FCENBA 7395: ALLOTYPE, TUB 671207/1 [2 specimens],
MLP 12650-53, 12655, 12657, 12658, 12664-66, 23481), and 7
subadults and adults [m] (GAUG 496/448: LECTOTYPE, MLP
12767, 12769-73).

Biometry (Tab. 1-3) - All measurements at D<18mm come
from the standard sample; mean values for D<4mm may be
somewhat biased due to small sample size.

Description - Macroconch: The protoconch is
smooth fusiform, transversely elongated to the
direction of coiling, 0.55mm in width and 0.34mm
in diameter. The siphuncle, central throughout
the first whorl, migrates to the ventral region at
the beginning of the second one. Through the two
first whorls (0.80<D<4mm) the shell is smooth,
globose and very evolute with a subcircular whorl
section and a wide umbilicus with a very low
slope. At 3-4mm in diameter stout, blunt, fairly
prorsiradiate primary ribs appear from the inner
third of the flank and cross the broadly curved
venter radially. On the third whorl (4<D<8mm)
the conch is much more compressed (W/D=0.55)
and involute (U/D=0.17), the whorl section high
with flanks converging to the narrow rounded
venter. Umbilical slope is subvertical with a
broadly rounded shoulder. Relative whorl height
remains almost constant throughout development
(H/D: 0.46->0.52). On the fourth whorl
(8<D<18mm) the shell becomes more inflated
(W/D=0.58), depressed and involute (U/D=0.14);
the section becomes subcircular with broadly
rounded venter and convex flanks which pass
over a rounded shoulder to an almost vertical
slope. Costulation reaches the highest density
(P=7-13, V=32-50) at about 16-20mm in diameter.
Fine primaries, originating at the umbilical wall,
are bent backward and project onto the inner-
middle third of the flank where they bifurcate,
and, with 1-2 intercalatories, cross the venter
more or less radially. Ventral ribs are never inter-
rupted nor fade, and in the most compressed spe-
cimens describe a low adapical arch (Fig. 6.1b). In
the fifth whorl (18<D<40mm) the shell remains
globose and becomes increasingly involute and
depressed. Whorl section at this size is subrectan-
gular to rounded with flat to fairly convex flanks
and the venter is broadly rounded. From D>18-
20mm the costulation becomes gradually coarser
and lower in ventral density (V = 25-35 at
D=40mm).

The adult body chamber begins at D=50-60mm in
almost all specimens, being 0.70-0.75 whorls long.
The whorl section is subrectangular, wider than
high (W/H:= 1.05-1.53), with subparallel flanks
which converge on the rounded, almost flat ven-
ter. Relative umbilical width varies from 0.03 to
0.12, umbilical slope is almost vertical and shoul-
der rounded. From D=40-50mm the body chamber
is perumbilically smooth, and the costulation
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remains confined to the ventral region with 20-30
stout ventral ribs along the last half of the whorl.
Aperture is simple with a lateral, shallow
constriction which never reaches the venter.

Microconch: The phragmacone is identical to that
of the macroconch up to the beginning of the fifth
whorl, about 18-20mm in diameter, where the
adult body chamber begins. Distinctive morpholo-
gy is only developed on the adult body chamber,
which is about 0.75-0.80 whorls long and egressi-
ve (U/D= 0.14-0.20). The whorl section is rounded
to subrectangular (W/Hi=1.09-1.64), with a broad
rounded to flat venter, fairly convex flanks, and a
rounded umbilical shoulder which tends to disap-
pear in the most evolute and large individuals.
The fine and dense costulation at the beginning of
the body chamber, becomes very much coarser on
the last half of the whorl. 7-13 primaries, origina-
te rectiradiately at the umbilical shoulder rise on
the inner half of the flank where they bifurcate.
The secondaries and some intercalatories (V=13-
30) project and cross the venter subradially.

Remarks - The macroconch of Eurycephalites rotundus
(TorNQUIST) may be distinguished from that of Eurycephalites
gottschei (TorNQUIST) from D=10-15mm by the more compres-
sed whorl section with smooth flanks; the microconchs by the
bigger final adult size and coarser ribbing on the body cham-
ber of that of E. gottschei. Stehnocephalites gerthi (Spath) [M]
differs from the macroconch of E. gottschei from D=15-25mm
in diameter by the wider umbilicus and more depressed, stout
whorl section. Lilloettia steinmanni (SpatH) [M] may be distin-
guished onwards from its inner whorls too, by its more closed
umbilicus and the more compressed whorl section with flanks
converging into a narrow and somewhat acute venter.
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