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ABSTRACT—The genus Neseuretus Hicks, 1873 is the most abundant trilobite of the Ordovician siltite succession of the
Andouillé and Traveusot Formations in the French Armorican massif. The systematics of some species of Neseuretus is
still unclear. Armorican and Iberian domains formed part of a distinctive paleobiogeographical province in the Ordovician
and, while five Neseuretus species were defined in Iberia that follow each other through time, from the Middle to the
Upper Ordovician, only one Neseuretus species, N. tristani, has been identified in the Armorican massif so far. The
discovery of new fossil deposits in the Ménez-Belair syncline has led to the identification and re-description of three
Neseuretus taxa: Neseuretus avus Hamman, 1977 from the early-middle Darriwilian, Neseuretus tristani (Brongniart in
Desmarest, 1817) from the late–middle Darriwilian to late Darriwilian and Neseuretus tardus (Hammann, 1983) from the
Darriwilian–Sandbian boundary and early Sandbian. Morphological characters of the cephalon and pygidium were
determined that can definitively distinguish the three identified taxa. These results stem from both traditional and
geometric (outline and landmark-based) morphometric analyses. The three taxa follow each other through time and
constitute a morphological sequence that contributes to improving the stratigraphy of the Middle and Upper Ordovician.

INTRODUCTION

TRILOBITES CONSTITUTE a highly diversified fossil taxon, both
in terms of morphology and species richness. They usually

dominate in abundance the macrofossil assemblages in Ordo-
vician deposits. In the Armorican massif (French Brittany), the
genus Neseuretus Hicks, 1873 is one of the most abundant
macrofossils of the Ordovician siltite successions. However, the
genus systematics is still unclear. Neseuretus belongs to the
family Calymenidae Edwards, 1840, which is represented in the
Armorican massif by three subfamilies: the Colpocoryphinae,
represented by the genus Colpocoryphe Novák in Perner, 1918;
the Flexicalymeninae, represented by the genus Salterocoryphe
Hammann, 1977; and the Reedocalymeninae, represented by the
genera ‘Calymenella’ Bergeron, 1890 and Neseuretus. Neseur-
etus and Colpocoryphe are the most usually encountered and
abundant calymenid genera in outcrops of the Armorican
massif, whereas other representatives of the family are rare
and restricted to few outcrops.

Neseuretus is also one of the most speciose calymenid genera.
Sixty-five species or subspecies have been described and
assigned to the genus over the last two centuries, though only
19 of them should be considered as valid according to the most
recent survey (Turvey, 2005). The genus Neseuretus is present
in Algeria, Argentina, Canada, China, England, France,
Germany, Morocco, Portugal, Saudi Arabia, Spain, Turkey,
and Wales. This taxon is known from the Floian (early Arenig,
N. caerhunensis Beckly, 1989) to the Sandbian (Caradoc, N.
tardus [Hammann, 1983]). In the Middle Ordovician, the genus
is thought to have inhabited shallow epicontinental platforms of
Gondwana, which were bathed by circum-polar cold waters
(Fortey and Morris, 1982; Henry, 1980). At that time, the
Armorican massif was located near the South Pole, on the

Gondwana northwest margin (Cocks and Torsvik, 2002;

Robardet, 2003; Paris and Robardet, 1990). Central and northern

domains of the Armorican massif along with the central domain

of Iberia made part of the same paleogeographical province, as

evidenced by sedimentological and paleontological data (Paris

and Robardet, 1977; Paris, 1998; Henry et al., 1974). Five

species have been identified in the Middle Ordovician of the

central domain of Iberia: Neseuretus avus Hammann, 1977;

Neseuretus henkei Hammann, 1977; Neseuretus leonensis

Hammann, 1983; Neseuretus tristani (Brongniart in Desmarest,

1817); and N. tardus (Hammann, 1983). So far, only one

Neseuretus species, N. tristani, has been described in the

Armorican massif, where it is the most abundant species of

trilobite assemblages (Henry, 1980). In addition to this low

species richness, morphological variation among specimens of

N. tristani raises questions of the systematics of the taxon,

which require investigation.

Recent studies have shown the relevance of geometric

morphometrics to assess morphological diversity of trilobites.

In calymenid trilobites in particular, Hunda and Hughes (2007)

studied the species Flexicalymene retrorsa (Foerste, 1910) and

Chestnut (2008) worked on Silurian calymenids. Finally,

Delabroye and Cronier (2008) recently studied the ontogeny

of the Armorican trinucleid trilobite Marrolithus bureaui

(Oehlert, 1895) using a landmark-based approach. In the present

work, several methods of both biometry and geometric

morphometrics (outline and landmark-based methods) were

used to discriminate among morphological groups of N. tristani

in the Middle Ordovician of the Armorican massif. One method,

the Discrete Cosine Transform method, had never been applied

to trilobite studies before. These morphological approaches help
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revise the systematics of the genus and improve our knowledge
of its evolution.

MATERIALS AND GEOLOGICAL SETTING

Studied specimens of Neseuretus were collected in newly
excavated fossil deposits (Fig. 1) that crop out to the northeast
of the French Armorican massif in Ille-et-Vilaine (Balazé, Saint-
Aubin-du-Cormier, Vieux-Vy-sur-Couesnon) and Mayenne
(Andouillé, La Croixille). These deposits make part of the
Andouillé Formation (Dapingian–Sandbian, Middle to Upper
Ordovician), the only formation of the Ménez-Belair syncline
(Paris, 1972; Babin et al., 1976) where specimens of Neseuretus
have been collected. Specimens were also collected in the
Traveusot Formation (Dapingian–Sandbian) in Ille-et-Vilaine
(Bain-de-Bretagne, Guichen, Laillé, La Noé Blanche, Pléchâtel)
that belong to the Martigné-Ferchaud syncline and in the Pissot
Formation (Dapingian–Sandbian) in Manche (Mortain) in the
Mortain-Domfront syncline (Fig. 1).

The Andouillé Formation is approximately 200 m thick and
consists of argillaceous and silty black shales that include
sporadic sandstone layers. The sediments were deposited during
the Darriwilian transgression in open marine environments in an
upper to lower offshore (Dabard et al., 2007) with paleodepth
increasing toward the southeast (Henry 1980, 1989). The
collected trilobites were preserved in either calcareous (though
subsequently decalcified), siliceous, or phosphatic nodules. As
the silica in the siliceous nodules is considered to be of
terrigenous origin, these nodules likely formed in close
proximity to the continent, whereas the phosphatic nodules are
thought to have formed more distally under deeper water,
dysoxic conditions (Dabard et al., 2007). Some nodules are
associated with numerous burrows that indicate the prevalence

of overall low sedimentation rates (Loi et al., 1999; Loi and
Dabard, 2002; Dabard et al., 2007).

The trilobite fossil deposits were dated to three intervals
based on the chitinozoan fauna (Paris, 1990): (1) the
Armoricana biozone (late-middle Darriwilian), identified by
the occurrence of Belonechitina micracantha (Eisenack, 1931),
Saharochitina jaglini Oulebsir and Paris, 1993, Desmochitina
minor Eisenack, 1931 and Ordochitina cf. inflata Taugourdeau,
1961; (2) the Pissotensis biozone (late Darriwilian) character-
ized by the occurrence of Cyathochitina sp. and Linochitina
pissotensis Paris, 1981; and (3) the Deunffi biozone (early
Sandbian) characterized by the occurrence of Pistillachitina
pistilliformis (Eisenack, 1939) and Lagenochitina aff. deunffi
(Paris in Henry et al.,1974).

Neseuretus was found in approximately 70 of the 1,400
nodules examined, and is represented in only nine of the 30
prospected outcrops. The studied material consists of 33
cranidia and 19 pygidia from mature specimens, which are
particularly well-preserved and minimally distorted (see Ap-
pendix). Studied specimens are housed in the paleontological
collections of Rennes 1 University (GR-PC.1712 to GR-
PC.1766).

Fossil assemblages are mostly dominated by trilobites, though
relative abundance values vary among outcrops between 48.6%
(La Croixille, N¼2,020) and 52% (Saint-Aubin-du-Cormier,
N¼604) of the total macrofauna (excluding ostracods). The
trilobite fauna is represented by Calymenidae (Neseuretus,
Colpocoryphe), Homalonotidae (Plaesiacomia Hawle and Cor-
da, 1847, Kerfornella Henry, 1976), Pharostomatidae (Priono-
cheilus Rouault, 1846), Dalmanitidae (Crozonaspis Henry,
1968), Illaenidae (Ectillaenus Salter, 1867), Lichida (Uralichas
Delgado, 1892; Selenopeltis Hawle and Corda, 1847),

FIGURE 1—1, location of outcrops where specimens were collected and 2, stratigraphy of the Ménez-Bélair syncline. a-b-c: the Medio Armorican syncline
composed of : (a) the Châteaulin syncline, (b) the Ménez-Bélair syncline (1: Vieux-Vy-sur-Couesnon, 2: Saint-Aubin-du-Cormier, 3: La Croixille, 4: Balazé),
and (c) the Laval syncline (5: Andouillé); (d) the Martigné-Ferchaud syncline (6: Guichen, ‘‘Traveusot’’, 7: Laillé, ‘‘Côte 85’’, 8: Pléchâtel, 9: Bain-de-Bretagne,
10: La Noé-Blanche); (e) the Mortain-Domfront syncline (11: Mortain). Modified after Dabard et al., 2007.
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Cheirurina (Eccoptochile Hawle and Corda, 1847; Placoparia
Hawle and Corda, 1847) and Incertae (Phacopidina Bancroft,
1949; Zeliszkella Delo, 1935). This fauna has been identified as
part of the biota of the ‘‘Selenopeltis Province,’’ which is
composed of high latitude faunas, such as those of the southeast
of Ireland, Great Britain, south of Wales, Czech Republic,
Slovakia, south of France, Spain, Portugal and Turkey
(Whittington and Hughes, 1972). The associated macrofauna
is composed of crinoids, gastropods, brachiopods, bivalves,
many ostracods, rare hyoliths and cephalopods.

MORPHOMETRIC ANALYSES

Most of the specimens collected were preserved in nodules
and showed no diagenetic distortion and enough anatomic
details for morphological analyses to be performed. Morpho-
logical variation among cranidia and glabella was investigated
using two geometric morphometric approaches: (1) cranidial
and glabellar outlines were quantified using the Discrete Cosine
Transform method and (2) the x- and y-coordinates of discrete
cephalic landmarks were digitized, aligned using Procrustes
superimpositon, and subjected to conventional geometric
morphometric analyses. In addition, a biometric analysis of
the pygidium was performed using linear measurements.

Open outline analysis using the Discrete Cosine Transform.—
Not all the collected cranidia and glabellas were complete but one
side was usually well preserved. To circumvent the analytic bias
due to preservation, the outlines of only the half-cranidia and
half-glabella that were well enough preserved were analyzed. All
specimens are internal molds, except for one specimen on which
the exoskeleton is preserved (S8; see Appendix), this last does not
distinguishing on the glabella outline and having no reason to
single out on the cranidium outline, we think that although a
difference in preservation, the specimen can be compared to the
others. Outlines were drawn using a binocular microscope
equipped with a camera lucida then drawings were digitized.
Previous studies have analyzed trilobite shape using the semi-
landmark approach (e.g., Sheets et al., 2004; Webster, 2011),
however considering the limitations of the approach for
describing complex curves with tight inflection as this is the
case of glabellar furrows, the Discrete Cosine Transform method
(DCT) was preferred for the present analysis (Dommergues et al.,
2007). A set of 100 equally-spaced points were defined along
each outline and the DCT was used for outline reconstruction.
Unlike the more widely applied elliptic Fourier method (Kuhl and
Giardina, 1982) that proved particularly efficient for complex
closed outline analyses, the DCT method is well suited to open
outline analyses. The relevance of the DCT method was stressed
by Dommergues et al. (2007), who analyzed the open outlines of
ammonite ribs. This method is here applied for the first time to
the complex outline analysis of another fossil taxon.

The DCT method allows for the decomposition of open
outlines into a sum of cosine functions, or harmonics of
increasing frequencies. Harmonics are characterized by their
respective amplitudes, which are invariant to translation, rotation,
reflection, and therefore to the outline position. They were size-
standardized so that pure shape only is compared (Dommergues
et al., 2007). Size standardization has been here proceeded by
dividing each amplitude value by the distance measured between
the two terminal points of the open outline (Fig. 2). The DCT
analysis was performed using the prototype version of the
MATLABt toolkit CDFT (Dommergues, 2001).

In Fourier-related analyses, the overall outline is roughly
expressed by low frequency harmonics while sharp details are
depicted by middle- and high-frequency harmonics along with the
analytical noise due to drawing and digitizing error. Therefore, a
limited number of harmonics has to be taken into account for

robust analyses. It is determined as the best compromise between
a low measurement error and a reliable description of the original
outline (as estimated by the DCT power). The number of
harmonics to be retained for the analysis was here determined by
comparing measurement error to true morphological variations
among specimens. Measurement error (ME) was estimated by
drawing with digitizing and extracting outlines of 16 cranidia and
21 glabellae twice. Then it was expressed as the proportion of the
total variance due to within-replicate (between replicates)
variations following Bailey and Byrnes (1990). A threshold value
of 30% ME was defined to determine the number of amplitudes to
be retained for both outline analyses. The 14 first harmonics with
the lowest frequencies (Fig. 3.1) were here retained to depict
cranidial outlines and only the four first ones (Fig. 3.2) for
glabellar outlines. Different levels of measurement error between
cranidial and glabellar outline analysis were likely due to the fact
that the operator is prone to more subjectivity when delineating
internal (glabellar) than external (cranidial) outlines. However,
the high DCT power value (.99.5%) shows that original outlines
of both cranidia and glabella were accurately depicted.

To visualize main morphological variations among cranidia, a
principal component analysis (PCA) based on the variance-
covariance matrix was performed using the amplitude values of
the 14 selected harmonics (Fig. 3.1). The complete cranidial
outline of specimens with high, negative and positive score values
were plotted to help interpretation (Fig. 3.1). Nearly half of the
total variance is concentrated on the first axis (47.3%). Most
specimens are grouped together at negative values, three
specimens showing high positive score values on the first axis
(specimens N1, C7, and Q1). Shape variations related to the
frontal area, the facial suture, and position of the genal angle are
concentrated on the first axis. Specimens with high positive score
values are characterized by a pointed frontal area, a facial suture
less sinuous, and a backward-pointing genal angle. In contrast,

FIGURE 2—Outlines and terminal points defined on cranidia (black) and
glabella (gray), respectively.
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FIGURE 3—1, scatter plot of the two first components of the PCA performed on cranidial outlines; 2, scatter plot of the two first components of the PCA
performed on glabellar outlines. Figured glabellae and cranidia depict extreme shapes for each axis. Harmonic measurement error (% ME) and eigenvalues are
given for each PCA.
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negative score values correspond to specimens with a rounded
frontal area, a facial suture more sinuous, and a forward-pointing
genal angle. On the second axis (only 11.5% of the total
variance), shape of the frontal area varies between specimens
with a narrow frontal area for negative score values and
specimens with a wide frontal area for positive values.

To visualize main morphological variations among glabellae, a
principal component analysis (PCA) was performed based on the
variance-covariance matrix of amplitude values of the four
selected harmonics. Specimens are evenly scattered along the two
first PCA axes (Fig. 3.2). The first axis concentrates 80.1% of the
total variance and depicts shape variations related to furrow
incisions and to the L1 marginal angle. Specimens with strongly
incised glabellar furrows and with an angular-shaped marginal
angle are plotted at negative values, whereas specimens with
weakly incised furrows and with a rounded marginal angle are
plotted at the positive values (Fig. 3.2). Shape variation related to
the frontal lobe is represented on the second axis (16.2% of the
total variance), specimens with a straight frontal lobe corre-
sponding to negative values, while those with a rounded frontal
lobe are plotted at positive values (Fig. 3.2).

A one-way ANOSIM (analysis of similarities) was performed
using the software PAST v. 1.93 (Hammer et al., 2001) to test for
the significance of the stratigraphic position of Neseuretus
specimens, namely early–middle Darriwilian, late–middle Darri-
wilian, late Darriwilian, or early Sandbian, in cranidia and
glabella shape variations. The ANOSIM is a non-parametric test
of significance between groups (Clarke, 1993). In analogy with
the MANOVA, this test is based on comparing any kind of
distance between groups with distances within groups. Contrary
to the MANOVA, the ANOSIM doesn’t require similar sample
sizes, normal distribution of values or similar variances (Hammer
et al., 2001). The ANOSIM was performed on PC score values
using the Euclidean distance and the significance of differences
was computed by permutation of group membership (early–
middle Darriwilian, late–middle Darriwilian, late Darriwilian, or
early Sandbian) with 10,000 replicates. Stratigraphic difference in
cranidial shape was not found to be significant. Thus, the
stratigraphic position of specimens doesn’t seem to play any role
in glabella shape variation.

In order to estimate the part of shape variation due to allometry,
the significance of the correlation between shape variations and
size was computed using PAST. A Pearson correlation value was
computed between PC score values (for both cranidium and
glabella PCAs) and size, as estimated by the distance between the
two terminal points of open outlines (Fig. 2). A negative
correlation value was tested signifiant (rp¼�0.63, P,0.005,
permutation test with 10,000 replicates) between PC1 scores of
the cranidium shape analysis and size. This means that part of
cranidial outline variation is correlated to size differences
between specimens, the largest specimens (negative score values)
being characterized by a rounded frontal area, a sinuous facial
suture, and a forward-pointing genal angle as compared to the
smallest specimens (positive score values) that tend to have a
pointed frontal area, a less sinuous facial suture, and a backward-
pointing genal angle. A negative correlation value was also tested
significant (rp¼�0.69, P,0.001, permutation test with 10,000
replicates) between PC1 scores of the glabella shape analysis and
size. This means that the largest specimens tend to have deeply
incised glabellar furrows as compared to the smallest specimens
with weakly incised furrows. Significant allometry was detected
when PC1 was regressed against size for both outline analyses,
the main part of the variation in the outlines of the cranidium and
glabella is thus best explained by intra-specific shape allometry
rather than by inter-specific variation.

Landmark-based analysis.—A landmark-based analysis of
cranidium anatomical structures was performed as a complemen-
tary approach to outline analyses. Sixteen landmarks correspond-
ing either to triple junctions of anatomical structures (type I sensu
Bookstein, 1991), maxima of curvature (type II sensu Bookstein,
1991), and construction traits (type III sensu Bookstein, 1991)
were defined to describe the shape of glabellar lobes and furrows,
and the eye and genal angle position (Fig. 4). Landmark position
was measured using a Nikon MM60 microscope associated to a
Quadra-Check 200 geometrical calculator. Sufficiently well-
preserved half-cranidia were selected, so that either left or right
half-cranidia were measured. Landmark coordinates of the left
side were computationally mirrored. Specimens were measured
twice and measurement error was computed for each of the 16
landmarks following the Bailey and Byrnes’ method (1990).
Landmarks with more than 40% of measurement error were
excluded. Finally, 10 landmarks were retained for the Procrustes
analysis (Table 1).

Procrustes superpositions of the 10 landmark configurations
were performed using the generalized least-square fitting method
so as to compare pure cranidium shapes and eliminate position,
orientation, and size effects on landmark coordinates (Dryden and
Mardia, 1998). Procrustes residuals were then projected into the
linear space that is tangent to the mean shape (Dryden and
Mardia, 1998). Analyses were performed using the MorphoJ
software (Klingenberg, 2008). A PCA was computed based on the
variance-covariance matrix of Procrustes residuals using Mor-
phoJ. Thin Plate Spline (TPS) grids were generated for those
specimens with maximum and minimum score values on the PC
axes in order to visualize the part of shape variation associated to
each PC axis (Fig. 5).

The first PC axis (40.7% of the total variance) depicts shape
variation in the stretching of the genal angle and of the glabellar
posterior lobe, with negative score values corresponding to
specimens with backward-pointing genal angles and long
posterior lobes; in contrast, positive score values correspond to
specimens with weakly stretched genal angles and short glabellar

FIGURE 4—Location of the 16 landmarks captured on half-cranidia in dorsal
view.
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TABLE 1—Description and type of landmarks captured on half-cranidia and retained for the analysis.

Landmark Description Type of homology

1 Intersection between the sagittal axis and the frontal lobe 3
2 Intersection between the sagittal axis and the posterior part of the glabella 3
3 Maximum of curvature near the posterior part of L1 2
5 Maximum of curvature inside S1 (adaxially) 2
7 Maximum of curvature inside S2 (adaxially) 2
9 Maximum of curvature inside S3 (adaxially) 2

13 Intersection between the sagittal axis and the anterior border 3
14 Intersection between the sagittal axis and the posterior part of the occipital ring 3
15 Anterior intersection between the occipital ring and the posterior border 1
16 Maximum of curvature near the genal angle 2

FIGURE 5—Results of PCA on 10 landmarks and specimens distribution on 2 first principal axes. TPS grids are picked for the most extreme specimens on each
axis. Convex hulls indicate a same stratigraphic range.
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lobes (Fig. 5). Variation in the relative position of the genal angle
is depicted on the second PCA axis (24.5% of the total variance),
with negative values corresponding to specimens with a genal
angle anterior in position as compared to the occipital ring,
whereas it is posterior in position in specimens with positive
values. A parametric Goodall’s F test was performed on
Procrustes residuals using MorphoJ to test for the significance
of stratigraphy in cranidium shape variation, as assessed by
landmark configurations. The relationship between the strati-
graphic position of trilobites and shape differences was tested
highly significant (F¼2.53, P,0.0001).

In order to estimate the part of shape variation due to allometry,
multivariate regressions were computed between the Procrustes
coordinates of landmark configurations and their respective
centroid size on the one hand, and between Procrustes coordinates
and their respective log-transformed centroid size on the other
hand. Regressions were performed using MorphoJ. None of the
multivariate regressions were tested significant after permutation
with 10,000 replicates. A second series of multivariate regressions
was computed between the centroid size, its log-transformed
values, and PC score values of landmark configurations.
Regressions were not tested significant either. Therefore, it
seems that no significant intra-specific, allometric variation
contributes to shape differences among landmark configurations.

Pygidium biometric analysis.—Pygidium and cephalon mor-
phologies are closely linked in the coaptation process (for
Calymenacea, see Hammann, 1985), so that it seemed relevant to
include an analysis of pygidium morphology in the present work.

Few biometric and morphometric approaches have been devoted
to the study of pygidia and to their importance to systematics. We
here studied pygidium morphologies using a biometric approach
in an attempt to identify a diagnostic character that could
discriminate between Neseuretus species (Fig. 6).

In Armorican Neseuretus, the number of axial rings composing
the pygidium axis varies between six and eight (N¼45), though
most specimens have six or seven axial rings (only one specimen
with eight rings was sampled at Saint-Aubin-du-Cormier near the
Darriwilian–Sandbian boundary). Therefore, the number of rings
doesn’t seem to be a relevant diagnostic character at species level.
In contrast, specimens of the Darriwilian–Sandbian boundary
seem to be distinguished by pygidia with a more acute posterior
margin as compared to specimens of the late Darriwilian. To test
for any significance in pygidium shape differences, the terminal
angle between the two pygidium posterior margins was measured
at the pygidium terminal piece (terminal angle), namely where
posterior margins merge (Fig. 6).

Pygidial outlines were drawn using a binocular microscope
equipped with a camera lucida then drawings were digitized. The
terminal angle was measured using the GIMP v. 2.6.8 software
and data were analyzed using PAST v. 1.93 (Table 2).

Pygidia of the Darriwilian–Sandbian boundary are among the
smallest ones, pygidium length ranging from 2.5 to 3.8 mm (N¼3)
and have acute terminal angles varying between 648 and 808 (Fig.
7). To test for the effect of size differences on pygidium
morphology, a Pearson correlation was computed between
pygidium length and the terminal angle; it was not tested
significant (permutation test with 10,000 replicates). The
significance of angle differences between specimens of the
Darriwilian–Sandbian boundary and those of the late Darriwilian
was tested using a Kruskal-Wallis test. The difference was tested
significant (P,0.05), showing that pygidia from the Darriwilian–
Sandbian boundary have a more acute posterior margin than
specimens of the late Darriwilian. However, considering the low
number of specimens that could be measured, more sampling
effort is needed to confirm this preliminary result.

DISCUSSION

Systematic implications.—Outline analyses of cranidia and
glabellas revealed the amount of intra-specific variations and in
particular the part associated to shape allometry. Size differences
actually explain approximately 60% of shape variation associated
with the first PCs for cranidium and glabella analyses. They
account for 47.3% and 80.1% of the total variation respectively.
Hence, our results show that large specimens tend to be

FIGURE 6—The pygidium terminal angle as measured between pygidium
posterior margins, in ventral view.

TABLE 2—Measures of studied pygidia. Three groups are distinguished (end of late Darriwilian to early Sandbian, late Darriwilian and late–middle Darriwilian).

n8 pygidium Locality Age Angle Size (mm) Number of axial ring/pleurae

13 Andouillé early Sandbian 80.65 2.521 bad preservation
14 St Aubin du Cormier early Sandbian 65.4 3.821 8/5
2 Guichen end of late Darriwilian 64.43 3.68 bad preservation
3 La Croixille late Darriwilian 80.92 5.185 bad preservation
4 La Croixille late Darriwilian 89.43 9.682 6/5
5 La Croixille late Darriwilian 85.94 3.066 6?/5
6 La Croixille late Darriwilian 78.75 5.483 6/5
7 La Croixille late Darriwilian 92.65 10.5 7/5
8 La Croixille late Darriwilian 89.58 4.759 7/5
9 La Croixille late Darriwilian 91.2 4 6?/5

10 La Croixille late Darriwilian 95.7 7.372 7/5
11 La Croixille late Darriwilian 89.81 4.625 at least 5 (broken)/5
12 Laillé late Darriwilian 97.9 9.3 7/5
15 St Aubin du Cormier late Darriwilian 86.24 13.193 7/5
16 St Aubin du Cormier late Darriwilian 93.37 8.846 7/5
17 St Aubin du Cormier late Darriwilian 90.45 14.042 7/5
18 St Aubin du Cormier late Darriwilian 90.52 13.584 7/5
19 St Aubin du Cormier late Darriwilian 91.3 12.692 at least 4/5
1 La Croixille late–middle Darriwilian 79.52 8 7/5
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characterized by 1) a rounded frontal area; 2) a sinuous facial
suture; 3) a forward-pointing genal angle; and 4) deeply incised
glabellar furrows; whereas small specimens tend to be character-
ized by 1) a pointed frontal area; 2) a facial suture less sinuous; 3)
a backward-pointing genal angle; and 4) weakly incised glabellar
furrows. Consequently, these four traits should not be used as
diagnostic characters to distinguish among Neseuretus species of
the Middle and Upper Ordovician unless specimens differ in these
traits but not in size.

Outline and the landmark-based analysis however showed that
a part of shape variation (40.7% of the total variation) that could
be quantified corresponds to morphological differences between
Neseuretus specimens belonging to distinct stratigraphic levels.
Interestingly, the analysis shows that morphological differences
are significant between specimens of the early-middle Darriwilian
and those of the late Darriwilian. Specimens collected from the
early-middle Darriwilian can be distinguished by a narrow frontal
area, a backward-pointing genal angle, and a long posterior
glabellar lobe as compared to specimens of the late Darriwilian
that are characterized by a wide frontal area, a weakly stretched
genal angle, and a short posterior glabellar lobe. The analysis of
the pygidium terminal angle showed that specimens of the
Darriwilian–Sandbian boundary may be distinguished by a more
acute posterior margin as compared to specimens of the late
Darriwilian.

In the literature (Hammann, 1983; Rabano, 1989; Sadler,
1974), Neseuretus species were mainly distinguished from each
other on the base of the following characters: the frontal area
profile as assessed on sagittal section (Fig. 8), the glabella shape
in dorsal view (Fig. 8), the position of the circum-ocular area in
lateral view (Fig. 8), the number of pygidium segments, and the
shape of pygidium margins in lateral view. These latter characters

can be merged with those highlighted in the present morpholog-
ical analysis so as to characterize accordingly the Neseuretus
species collected in the French Armorican massif (Fig. 8).

Hence, Armorican specimens collected in the early-middle
Darriwilian are distinguished by a narrow frontal area, and a
backward-pointing genal angle; they are also characterized by a
strongly convex frontal area in lateral view, a trapezoidal
glabella, and a glabellar lobe L1 that is transversely elongated
and curved forwards. In lateral view, the circum-ocular area is
anterior in position. The pygidium is evenly narrow, not
becoming broad towards its terminal piece. These characters
correspond to the description of the species Neseuretus avus
Hamman, 1977 (Hammann, 1977; Hammann, 1983; Rabano,
1989).

Specimens collected from the upper middle Darriwillian and
upper Darriwillian are characterized by a weakly extended genal
angle, a wide frontal area, a narrow (tr.) posterior glabellar lobe,
and a narrow posterior area. In lateral view, the circum-ocular
area is posterior in position. The pygidium is composed of six to
seven segments and specimens that are well enough preserved as
casts show an exoskeleton covered with dense, coarse granules.
These characters are diagnostic of the species Neseuretus tristani
(Brongniart in Desmarest, 1817). Moreover, the frontal area is
reflexed with a flattening anterior part. This last character
corresponds to the description of N. tristani (Brongniart in
Desmarest, 1817) (Hammann, 1983).

Specimens of the late Darriwilian and early Sandbian are quite
similar in shape. Specimens collected from the early Sandbian,
however, are differentiated by the presence of a low anterior boss
located in the middle of the frontal area, which slopes almost
uniformly backwards in lateral view. This last character is
distinctive of the species Neseuretus tardus (Hammann, 1983).

FIGURE 7—Scatter plot of pygidium length against pygidium terminal angle.
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Moreover, the pygidium is characterized by an acute terminal
piece, the angle value varying between 658 and 808. This is
congruent with Hammann’s (1983) results that give a lower angle
value in N. tardus (~808) than in N. tristani (~858).

The three species of Neseuretus identified above occur
successively in the Armorican series. The co-occurrence of the
different species mentioned above is still poorly documented in
Iberia (Rabano, 1989). In the current state of knowledge, N. avus
and N. tristani have never been found together in Iberia or in
Brittany; however, a partial range recovery for N. tristani and N.
tardus is suspected in Brittany. Therefore, the morphological
characters that are diagnostic of each taxon can be used to define
a morphological sequence and constitute a complementary
stratigraphic tool for the Middle Ordovician of the Armorican
massif (Fig. 8).

SYSTEMATIC PALEONTOLOGY

The identification of the three Armorican taxa: Neseuretus
avus Hamman, 1977 from the early-middle Darriwilian,
Neseuretus tristani (Brongniart in Desmarest, 1817) from the
late–middle Darriwilian to late Darriwilian, and Neseuretus
tardus (Hammann, 1983) from the Darriwilian–Sandbian
boundary and early Sandbian is congruent with Hammann’s
work on the systematics of trilobites from Spain (Hammann,
1983). The three taxa are redescribed in the following section as
a complement to Hamman’s work so as to integrate the new
results obtained in morphometric analyses.

In addition to the type material, studied specimens were
deposited in the paleontological collection of Rennes 1
University (see Appendix).

CLASS TRILOBITA Walch, 1771
Order PHACOPIDA Salter, 1864

Family CALYMENIDAE Edwards, 1840
Subfamily REEDOCALYMENINAE Hupé, 1955

Genus NESEURETUS Hicks, 1873

1898 Synhomalonotus POMPECKJ, 1898 (junior synonym).

Type species.—Neseuretus ramseyensis HICKS, 1873, Ogof Hên

Formation, early Arenig, Ramsey Island, Pembrokeshire, Wales,
UK. See also Turvey (2005) and Fortey and Morris (1982).

Other species and subspecies.—According to Turvey (2005) 19
valid taxa belong to Neseuretus.

Diagnosis.—See Hicks (1873), emended by Turvey (2005).
Occurrence.—Algeria, Argentina, Canada, China, England,

France, Germany, Morocco, Portugal, Saudi Arabia, Spain,
Turkey and Wales. This taxon is known from the Floian (N.
caerhunensis) to the early Sandbian (N. tardus), first find of N.
tardus in the early Sandbian of the Armorican massif.

Remarks.—Vogdes (1925) designated N. ramseyensis as the
genus type species, whereas Reed (1918) considered N.
ramseyensis as a junior synonym of N. tristani. Whittard (1960)
considered N. ramseyensis as a junior synonym of N. murchisoni
and therefore proposed Calymene parvifrons var. murchisoni
Salter, 1865 as the genus type species. Following Bates (1969), N.
ramseyensis is here considered as valid. The genus Neseuretus
was first mentioned by Hicks, 1873 and not Hicks, 1872 (see
Fortey and Morris, 1982 for more details). Whittard (1960)
showed that the genus Synhomalonotus POMPECKJ 1898 should be
considered as a junior synonym of Neseuretus Hicks, 1873.
Finally, Turvey (2002) raised the subgenus Neseuretus (Neseur-
etinus) to the genus rank level, so that the nominate subgenus,
Neseuretus (Neseuretus) is therefore considered obsolete.

NESEURETUS AVUS Hammann, 1977
Figures 9.4a, 9.4b, 9.6a, 9.6b, 10.1, 10.2

?1956 Synhomalonotus tristani (Brongniart in Desmarest);
THADEU, pl. 6, fig. 4 [deformed].

?1977 Neseuretus (Neseuretus) tristani (Brongniart in Des-
marest); PILLET, p. 153, pl. 1, figs. 10–12 [unindentifi-
able pygidium of Neseuretus, deformed].

1977 Neseuretus (Neseuretus) avus Hammann, p. 92, pl. 1,
fig. 1.

1983 Neseuretus (Neseuretus) avus; Hammann, pl. 3, figs.
37, 38, pl. 4, figs. 39–47.

1985 Neseuretus (Neseuretus) avus; Hammann, figs. 2c1,
2c2.

FIGURE 8—Evolutionary scheme of the genus Neseuretus in the Armorican massif from the Middle to the Upper Ordovician; chitinozoan biozones after Paris
(1990). Cranidia are drawn in dorsal (a), sagittal (c) and lateral view (d); pygidia in ventral view (b). Arrows point the median hump that is weakly developed on
the frontal area.
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?1986 Neseuretus (Neseuretus) tristani tristani (Brongniart in
Desmarest); ROMANO, BRENCHLEY, MCDOUGALL, pl. 1,
figs. 13, 14 [deformed].

Diagnosis.—Emended; species of Neseuretus characterized by
a trapezoidal glabella with a narrow (tr.) frontal area, strongly
curved in lateral view, with length approximately 30% of
cranidium length. Glabella with four pairs of furrows; edges
converging 508 forward. Circum-ocular area (including librigena
and fixigena) a little anterior to the glabella in lateral view, the
eye posterior margin placed between L3 and the frontal lobe.
Large L1 curved forward. Genal angle widely separated from
glabella. Pygidium with seven to eight axial rings, well curved,
four to five ribs and a narrow terminal piece, as narrow (tr.) as
posterior margins. Smooth sides, interpleural and pleural furrows
not well marked. No vincular furrow.

Description.—Cephalon semi-circular in outline. Glabella trap-
ezoidal, length in sagittal section equals width as measured at the
occipital ring. Glabella with four glabellar furrows. L1 elongated,
curved forwards and strongly incised. Adaxial part of L1 reaches an
egg-shaped muscle scar. S2 short and shallow, runs adaxially
backwards, parallel to S1. S3 narrow, short, convex forward, not
reaching the dorsal furrow. S4 is a small pit near the dorsal furrow
and placed behind hypostomal pits. The weak and broad dorsal
furrows converge forward with an angle of 508; furrows identical on
internal mold and external surface. Occipital furrow slightly curved
forward abaxially, deeper and wider abaxially than in the middle
part, where it is slightly convex forward.

Occipital ring narrow (sag.) and higher than the glabella; its
length half of the occipital furrow length. A small mesial tubercle
located on the anterior part of the occipital ring, just behind the
occipital furrow, that can become extremely weak on the external
surface.

Frontal lobe width half of glabella width as measured at the
occipital ring. Broad and crescentic (or semi-circular) alae present
near L1, equal to one third of glabella width.

Fixigenae well curved in transverse section, sloping abaxially.
Furrow of the posterior border large and deep, especially in the
median part, more flattened and narrower near the genal angle.
Posterior border relatively large (tr.). Lateral border of the
librigena getting wider near the genal angle. Lateral border
furrows deepening from the back to the front.

Circum-ocular area (including librigena and fixigena) a little
anterior to the glabella in lateral view. The eye posterior margin
placed far forward between L3 and the frontal lobe on a conic
palpebral lobe, close to the dorsal furrow and to the glabella. Eye
ridges very weakly marked.

The frontal area 25% to 30% of cephalon length, as measured
in sagittal section. It is wide, well curved in transverse section and
strongly arched in lateral view. It is bounded by two deep
diagonal furrows that reach the dorsal furrow near hypostomal
pits. The anterior border is flat and the anterior border furrow not
well marked.

Facial suture gonatoparian, with posterior section slightly
directed abaxially and backward to the S2, then strongly curved to
the abaxial border of the fixigena and almost straight, at an angle
of approximately 258 with the occipital ring. Anterior sections of
facial suture almost parallel from the eye to the anterior furrow
where they merge the border at an acute angle. Posterior areas
long in transversal section and strait in sagittal section.

Thorax comprised of 13 thoracic segments. Axial rings strongly
convex and bounded by large and shallow thoracic axial furrows.
Width of the axial rings approximately half of the thorax width
(tr.) behind the cranidium, reduced to one-third in front of the
pygidium. Posterior borders of axial rings equal to three-fifths of
ring length in sagittal section, the median part being slightly

convex forward, the abaxial part being curved forward and
abutting the anterior border. A deep and relatively large fossa
(axial socket) located just behind the anterior border, on the
internal mold. Anterior parts of axial rings with an articulating
half-ring. Pleurae flexed steeply downwards over their outer
halves where there is a large facet. Posterior parts of pleurae
rounded, playing the role of ‘‘bar-stop’’ in the coaptation process.

Pygidium axis triangular in dorsal view. Axis comprises a
forwardly convex articulating half-ring and seven or eight axial
rings, only five of them being well marked. Axial rings separated
by wide furrows narrowing backwards. Terminal piece flush with
pygidium margins in ventral view. Terminal piece slightly convex
laterally in posterior view, vertical in lateral view, not bounded by
the axial furrow and flat dorsally. Axial furrows deeper and larger
on internal mold than on the exoskeleton. Pygidium twice as wide
as long, characterized by a strong curvature on the axis, flanks
curving strongly downwards. Five ribs present on the lateral side,
the fifth being very weakly developed. Pleural furrows slightly
curved and developed on the upper part of pleurae; better marked
on internal molds. Very narrow interpleural furrows present only
on the lower part of pleurae. Flanks sub-vertical; ribs not abutting
the narrow border. No vincular furrow. Posterior border of
pygidium interrupted by a set of fine pores and entire pygidium
covered with very fine granulation.

Types.—Cranidium SMF 27722, early-middle Darriwilian
(early Llanvirn), Pizarras con Neseuretus Formation. Type
locality, Alisedas (Ciudad Real Province, Spain).

Occurrence.—Early-middle Darriwilian of Spain, Portugal and
France (Armorican massif, this study). More precise age
evaluations are in progress based on chitinozoan fauna (F. Paris);
this corresponds to the ‘‘early Llanvirn.’’

NESEURETUS TRISTANI (Brongniart in Desmarest, 1817)
Figures 9.1, 9.2a, 9.2b, 9.5a, 9.5b, 9.9a, 9.9b, 10.3–10.9

1817 Calymena tristani Brongniart in Desmarest, p. 517.
1822 Calymène de Tristan Brongniart in Desmarest, pl. 1,

figs. 2a–2c, 2f–2h.
?1822 Calymène de Tristan Brongniart in Desmarest, pl. 1,

2d, 2e.
?1855 Calymene tristani Brongniart in Desmarest; VERNEUIL

AND BARRANDE, pl. 25, figs. 3, 3a.
?1949 Synhomalonotus tristani Brongniart in Desmarest;

THADEU, pl. 1, figs. 4, 5.
?1956 Synhomalonotus tristani Brongniart in Desmarest;

THADEU, pl. 6, fig. 4 [deformed].
1957 Synhomalonotus tristani Brongniart in Desmarest;

SDZUY, 1957, pl. 1, figs. 3, 4.
?1971 Neseuretus (Neseuretus) tristani Brongniart in Des-

marest; GIL CID, pl. 1, figs. 1–3.
1977 Neseuretus (Neseuretus) tristani Brongniart in Des-

marest; HAMMANN, pl. 1, fig. 3.
?1982 Neseuretus tristani Brongniart in Desmarest; FORTEY

AND MORRIS, non fig. 3, fig. 4–11.
1983 Neseuretus (Neseuretus) tristani tristani Brongniart in

Desmarest; HAMMANN, pl. 5, figs. 50–56, pl. 6, figs. 57,
58.

?1983 Neseuretus (Neseuretus) tristani tristani Brongniart in
Desmarest; HAMMANN, pl. 4, figs. 48, 49.

1985 Neseuretus (Neseuretus) tristani tristani Brongniart in
Desmarest; HAMMANN, figs. 1a.

?1985 Neseuretus (Neseuretus) tristani tristani Brongniart in
Desmarest; HAMMANN, figs. 1b, 1e, 1f, 1i, 1j.

Diagnosis.—Emended; species of Neseuretus with entire
exoskeleton covered with dense and coarse granulation, except
inside furrows. Circum-ocular area a little posterior to the
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FIGURE 9—Neseuretus Hicks, 1873 of the Andouillé and Martigné-Ferchaud Formations, Middle and Upper Ordovician, Armorican massif. 1, 2, Neseuretus
tristani (Brongniart in Desmarest, 1817) from Saint-Aubin-du-Cormier, late Darriwilian (Pissotensis biozone): 1, thoraco-pygidium in lateral view, GR-PC.1714;
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preglabellar furrow in lateral view. Glabella semi-circular,
strongly convex in transverse and sagittal sections. Wide frontal
area (tr.), well curved as a broken curve (posterior part uniformly
straight upward, then flat corresponding to the anterior border).
Posterior margin of stalked eyes at a level between S2 and lobe
L2. Narrow posterior areas. Pygidium triangular, slightly convex
backward with seven to eight axial rings and five pleurae directed
steeply downwards. Terminal piece convex forward in lateral
view, broad and subrectangular in shape in ventral view.

Description.—Cephalon circular in outline, length almost equal
to half width. Cranidium with a wide frontal area (tr.), well
curved as a broken curve (posterior part uniformly straight
upward, then flat corresponding to the anterior border), and a
parabolic glabella almost as long as wide with only three well-
marked furrow pairs. Two first longer and wider than the third.
Glabellar furrow S1 sigmoid in shape, slanted backwards, with a
wide muscle scar forwards. S2 well-marked though a weakly
narrower and shallower than S1. S1 and S2 meet the dorsal
furrow. S3 faint, never meeting the dorsal furrow and usually
reduced to a very small depression that can be only seen with low
angle light. S3 located behind and adaxially to the fossula.
Adaxially, glabellar furrow extremities aligned, almost parallel to
the sagittal axis.

Occipital furrow wide and shallow adaxially, progressively
narrower and deeper abaxially. Occipital ring higher than the
glabella, large in the median part where it is covered with a
medial tubercle, becoming thinner abaxially.

Axial and diagonal furrows wide and shallow, diagonal furrows
incising the frontal area and meeting the preglabellar furrow
backwards. Anterior fossulae located at the intersection of axial
and diagonal furrows; in some specimens they meet the edge of
the glabella where they form a small depression.

Alae large and semi-circular to crescent-shaped with incon-
spicuous extremities. Furrows of posterior border wide, shallow
adaxially, becoming progressively weaker abaxially. Eyes located
between S2 and the frontal lobe (variable position), relatively
remote from the glabella, on a tall conical palpebral lobe so that
visual surfaces are located higher than the glabella.

Facial suture gonatoparian. The posterior section is almost
straight backward and directed to the S1 abaxially, then regularly
and very gently curved towards the genal angle that it joins in the
middle. Angle between this latter section of the facial suture and
occipital ring almost 408. Librigenae deeply incised with quite
wide lateral furrows.

Thorax composed of 13 segments. Median part of thoracic
segment strongly curved, each one composed of two parts: (1) a
wide and shallow anterior one, weakly rounded forwards and
articulating with the former axial ring (the articulating half-ring);
and (2) a posterior one, weakly convex forwards adaxially, wider
and curved forwards abaxially (the proper axial ring). Axis almost
the third of the thorax width behind the cephalon, becoming
narrower from the front to the back. Pygidium width less than half
the cephalon width. Pleurae flat adaxially, almost vertical at
margin and flexed in the middle; their posterior border rounded

and thick, so that previous segments are stopped during
coaptation. Axial furrows narrow and shallow, hardly incising
pleurae. Pleural furrows wide and shallow adaxially, becoming
narrower and deeper abaxially; they almost reach the border
where there is a large facet.

Pygidium axis triangular in shape, slightly arched backwards,
composed of six to seven axial rings and an articulating half-ring.
Last rings reduced in size both on the external surface and
internal mold. Flanks with five ribs in continuity with axial rings.
Rib and pleural furrows become weaker abaxially. Terminal axial
piece rectangular in shape in posterior view, a weakly depressed
on the top, posterior rounded dorsally, vertical at its posterior
margin. Two or three axial rings weakly marked on the terminal
piece that is not bounded by the axial furrow. In lateral view, it is
broad and slightly convex forwards in the upper part. The pygidial
border almost vertical. Interpleural furrows faint, narrow, present
on the lowermost half of pleurae. Pleural furrow progressively
wider and deeper adaxially. Axial furrows wide and shallow, they
all merge towards the axial terminal piece. A facet is present on
the first one of the five pleural ribs. Weak vincular furrow present
in ventral view, parallel to the border. Borders merging with a
highly variable angle between 788 and 948. Pygidial border
covered with a set of coarse pits, similar to those present on the
frontal border of the cranidium. All parts of the exoskeleton
covered with a dense and coarse granulation, largest tubercles
being apparently perforated in the middle.

Types.—Neotype, specimen n8 2200; Racheboeuf collection,
Geosciences Rennes, University of Rennes 1, France to replace
Brongniart’s type specimen that has been lost (Henry, 1970). Late
Darriwilian (Llandeilian), Traveusot Formation. Neotype locality,
La Hunaudière, Sion les Mines (Loire Atlantique, France).

Occurrence.—Late-middle Darriwilian (middle Llanvirn, Ar-
moricana biozone?) to late Llandeilian (Pissotensis biozone) of
France (Armorican massif) and Iberia, England?, Morocco?,
Saudi Arabia?.

Remarks.—Though usually attributed to Brongniart (1822), the
description was first published by Desmarest (1817, p. 517) while
referring to Brongniart’s ongoing work. This first informal
description is here considered as valid sensu Fortey and Morris
(1982).

Specimens from Armorica are identical to those from Spain but
according to the literature, material from Saudi Arabia seems to
differ in the presence of a frontal area evenly sloping forwards in
lateral view, a rounded (Fortey and Morris 1982, fig. 3b) or
pointed (El-Khayal and Romano 1985, pl. 47, figs. 8, 10, 12)
frontal lobe, very deep fossulae and a glabellar furrow S2 that
does not meet the dorsal furrow. The assignment of specimens
from Saudi Arabia and England to a distinct species is pending
further investigations.

NESEURETUS TARDUS Hammann, 1983
Figures 9.3a–9.3f, 9.7a, 9.7b, 10.11

1983 Neseuretus (Neseuretus) tristani tardus, HAMMANN, pl.
6, figs. 59–65, pl. 7, figs. 66, 67.

 
2, pygidium in dorsal, lateral and ventral view, GR-PC.1713 (31.5); 3, Neseuretus tardus (Hammann, 1983), GR-PC.1719 from Saint-Aubin-du-Cormier, early
Sandbian (Ponceti biozone), complete specimen in dorsal (3a) and lateral view (3b), cephalon in lateral view (3c, 32), pygidium in lateral (3d, 31.5) and ventral
view (3e, 31.5), note the well ornamented glabella (3f, 33.5); 4, Neseuretus avus Hammann, 1977, GR-PC.1712 from Guichen, early–middle Darriwilian,
cephalon in dorsal and lateral view; 5, Neseuretus tristani (Brongniart in Desmarest, 1817), GR-PC.1717 from La Croixille, late Darriwilian (Pissotensis
biozone), cranidium in dorsal and lateral view (31.5); 6, Neseuretus aff. avus Hammann, 1977, GR-PC.1721 from Balazé, early–middle Darriwilian, cranidium
in dorsal and lateral view (31.5); 7, Neseuretus tardus (Hammann, 1983), GR-PC.1720 from Vieux-Vy-sur-Couesnon, late Darriwilian?–early Sandbian,
cranidium in dorsal and lateral view (31.5); 8, Neseuretus sp., GR-PC.1716 from La Croixille, late Darriwilian (Pissotensis biozone), cranidium in dorsal and
lateral view (32); 9, Neseuretus tristani (Brongniart in Desmarest, 1817), GR-PC.1715 from Saint-Aubin-du-Cormier, late Darriwilian (Pissotensis biozone),
cranidium in dorsal and lateral view; 10, Neseuretus sp., GR-PC.1718 from La Croixille, late Darriwilian (Pissotensis biozone), cranidium in dorsal and lateral
view (32). All shown in original size unless noted.
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FIGURE 10—Complete specimens of Neseuretus Hicks, 1873 from the Armorican Massif, with ‘‘standard’’ preservation. 1,2, Neseuretus avus Hammann, 1977,
respectively GR-PC.1767 and GR-PC.1769 from Guichen, early-middle Darriwilian, flattened and slightly sheared specimens; 3, 4, Neseuretus tristani
(Brongniart in Desmarest, 1817) from La Dominelais, late-middle Darriwilian: 3, enlarged (tr.) and shortened (sag.) specimen, GR-PC.1770; 4, semi-enrolled
specimen in ‘‘shrimp’’ posture, GR-PC.1772; 5, Neseuretus tristani (Brongniart in Desmarest, 1817) from landfill site of La Dominelais, late-middle Darriwilian,
elongated specimen of large size, GR-PC.1773; 6, Neseuretus tristani (Brongniart in Desmarest, 1817), GR-PC.1776 from Le Grand Fougeray, end of late
Darriwilian (end of Pissotensis biozone), slightly sheared specimen with his left eye; 7, Neseuretus tristani (Brongniart in Desmarest, 1817), GR-PC.1775 from
Pléchâtel, end of late Darriwilian (end of Pissotensis biozone), poor preservation but almost not distorted; 8, Neseuretus tristani (Brongniart in Desmarest, 1817),
GR-PC.1727 from Mortain, end of late Darriwilian (end of Pissotensis biozone), almost not distorted specimen; 9, 10, Neseuretus tristani (Brongniart in
Desmarest, 1817) from Guichen, end of late Darriwilian-early Sandbian? (end of Pissotensis biozone–base of Ponceti biozone?); 9, enrolled specimen almost not
distorted, GR-PC.1775; 10, disarticulated specimen slightly sheared; 11, Neseuretus tardus (Hammann, 1983), GR-PC.1774 from Andouillé, early Sandbian
(Ponceti biozone), argillaceous specimen. For specimens figured twice: a¼dorsal view; b¼lateral view; all others shown in dorsal view. All shown at original size.
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1985 Neseuretus (Neseuretus) tristani tardus; HAMMANN, fig.
1c, fig. 4b, 4g.

Diagnosis.—Emended; species of Neseuretus characterized by
a strongly convex glabella, librigena, and frontal lobe. In lateral
view, presence of a very low anterior boss in the middle of the
frontal area (visible with low angle light), frontal area uniformly
inclined upward. Genal angles far from glabella. Pygidium with
thickened and prominent terminal piece.

Types.—Holotype, cranidium SMF 27820, early Sandbian
(Ponceti–Placoparia (C.) borni biozones). Type locality, Alcolea
de Calatrava, Ciudad Real Province, Spain.

Occurrence.—Early Sandbian of Spain (Placoparia (C.) borni
biozone), end of late Darriwilian–early Sandbian (end of
Pissotensis to Ponceti biozone) of France (Armorican massif,
first find of N. tardus in the early Sandbian of the Armorican
massif).

Remarks.—Rabano (1989) considered N. tardus synonym of N.
tristani, recognizing that more material was needed to interpret
the morphological variation observed in Neseuretus tristani.
Indeed, it seems that Hammann misinterpreted some early
Dobrotivian localities sensu Rabano (1989) (Dobrotivian¼Llan-
deilianþearly Caradoc, so here early Llandeilian), that he
described as late Dobrotivian (late Llandeilian–early Caradoc).
After additional field study, it seems that several levels are
present in the same area and that some mixtures may have
occurred. In fact, only specimens (cephala, hypostome) from the
type-locality—Co-IIIf in Hammann (1983) or PZ-III in Rabano
(1989)—are attributable to N. tardus. Nonetheless, Hammann
(1983) indicated that the holotype comes from the ‘‘graue
Tonschiefer (gray shale) mit Placoparia (Coplacoparia) borni’’,
levels today assigned to the Caradoc (early Sandbian). This taxon
is here considered as valid and early Sandbian in age.

CONCLUSION

The discovery of new fossil deposits in the Ménez-Belair
syncline proved important both for trilobite systematics and for
the stratigraphy of the Middle and Upper Ordovician in the
Armorican massif. Three taxa were identified, N. avus, N.
tristani, and N. tardus, whereas only one species, N. tristani, had
been previously recorded. Morphological characters of the
cephalon and pygidium were determined that can readily
distinguish the three identified taxa. These results rely on the
outline and landmark-based morphometric analyses performed
on cranidia, whereas the analysis of glabellar outlines didn’t
seem able to discriminate among species of Neseuretus. Most of
the glabella and cranidium shape variation was correlated to size
differences, this intra-specific component of shape variation
likely burying the taxonomic signal.

Armorican and Iberian domains made part of a unique
paleobiogeographical province in the Ordovician. The identifi-
cation of the three Armorican Neseuretus taxa that follow each
other through time, from the middle Darriwilian to the early
Sandbian, constitute a morphological sequence that improve the
stratigraphy of the Middle Ordovician in France. Finally, we re-
establish N. tardus as a valid taxon.
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APPENDIX—Location and stratigraphic position of specimens measured in this study.

Specimen number Analysis Locality Age Collection number

A1 All Andouillé early Sandbian GR-PC.1722
A2 Glabella outline Andouillé early Sandbian GR-PC.1723
A3 All Andouillé early Sandbian GR-PC.1724
A5 All Andouillé early Sandbian GR-PC.1725
M1 All Mortain early Sandbian? GR-PC.1727
S8 All Saint-Aubin-du-cormier late Darriwilian/early Sandbian GR-PC.1719
V2 All Vieux-Vy-sur-Couesnon late Darriwilian/early Sandbian GR-PC.1720
B1 glabella outline Bain-de-bretagne late Darriwilian GR-PC.1757
G1 glabella outline Guichen late Darriwilian GR-PC.1759
C1 All La Croixille late Darriwilian GR-PC.1755
C6 All La Croixille late Darriwilian GR-PC.1756
S1 glabella outline Saint-Aubin-du-cormier late Darriwilian GR-PC.1728
S2 glabella outline Saint-Aubin-du-cormier late Darriwilian GR-PC.1729
S3 All Saint-Aubin-du-cormier late Darriwilian GR-PC.1730
S4 All Saint-Aubin-du-cormier late Darriwilian GR-PC.1731
S5 All Saint-Aubin-du-cormier late Darriwilian GR-PC.1732
S6 All Saint-Aubin-du-cormier late Darriwilian GR-PC.1715
S7 glabella outline Saint-Aubin-du-cormier late Darriwilian GR-PC.1733
S9 glabella outline Saint-Aubin-du-cormier late Darriwilian GR-PC.1734
V1 All Vieux-Vy-sur-Couesnon late Darriwilian GR-PC.1740
N1 All La Noé Blanche late middle Darriwilian GR-PC.1758
C2 All La Croixille late middle Darriwilian GR-PC.1717
C3 All La Croixille late middle Darriwilian GR-PC.1716
C4 Both outline analysis La Croixille late middle Darriwilian GR-PC.1742
C5 glabella outline La Croixille late middle Darriwilian GR-PC.1743
C7 All La Croixille late middle Darriwilian GR-PC.1718
C8 glabella outline La Croixille late middle Darriwilian GR-PC.1744
H1 All Guichen early middle Darriwilian GR-PC.1760
H2 All Guichen early middle Darriwilian GR-PC.1761
L1 Glabella outline and

landmark-based analysis
Laillé early middle Darriwilian GR-PC.1763

L2 All Laillé early middle Darriwilian GR-PC.1764
Q1 All Balazé early middle Darriwilian GR-PC.1721
P1 All Pléchâtel Darriwilian GR-PC.1766
1 Pygidium La Croixille late middle Darriwilian GR-PC.1745
2 Pygidium Guichen end of late Darriwilian GR-PC.1762
3 Pygidium La Croixille late Darriwilian GR-PC.1746
4 Pygidium La Croixille late Darriwilian GR-PC.1747
5 Pygidium La Croixille late Darriwilian GR-PC.1748
6 Pygidium La Croixille late Darriwilian GR-PC.1749
7 Pygidium La Croixille late Darriwilian GR-PC.1750
8 Pygidium La Croixille late Darriwilian GR-PC.1751
9 Pygidium La Croixille late Darriwilian GR-PC.1752
10 Pygidium La Croixille late Darriwilian GR-PC.1753
11 Pygidium La Croixille late Darriwilian GR-PC.1754
12 Pygidium Laillé late Darriwilian GR-PC.1765
13 Pygidium Andouillé early Sandbian GR-PC.1726
14 Pygidium Saint-Aubin-du-cormier end of late Darriwilian GR-PC.1735
15 Pygidium Saint-Aubin-du-cormier late Darriwilian GR-PC.1736
16 Pygidium Saint-Aubin-du-cormier late Darriwilian GR-PC.1737
17 Pygidium Saint-Aubin-du-cormier late Darriwilian GR-PC.1738
18 Pygidium Saint-Aubin-du-cormier late Darriwilian GR-PC.1739
19 Pygidium Saint-Aubin-du-cormier late Darriwilian GR-PC.1713
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