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Morphometrics can be an important tool in systematic studies, providing taxonomists with strong elements of quantification
and formal hypothesis testing. Here, these tools are tested for the trilobite Leptoplastides marianus (Hoek) which was
originally described on the basis of three deformed specimens from west Tarija, Bolivia. Following the conclusions of
Harrington & Leanza, a wide range of morphological variation is accepted for this species, and the name was applied to a
large number of specimens from north-western Argentina. Based on specimens collected from the quebrada Moya
(Huacalera, Jujuy), as well as on material in the Harrington & Leanza collections in the University of Buenos Aires,
traditional morphometric and geometric morphometric methods were used to evaluate the variation of the cranidial shape
of L. marianus sensu Harrington & Leanza. The results allow discrimination between two clearly different morphotypes.
The name L. marianus should be restricted to the type specimens, given the deformation of these materials. In addition, L.
argentinensis and L. granulosus are both valid names for the two morphotypes recognized in the present paper.

Keywords: geometric morphometrics; traditional morphometrics; Olenidae; Leptoplastides; Ordovician; Tremadocian

Introduction

The processes determining species boundaries have
emerged as a major topic in modern systematics (e.g. Sites
& Marshall 2003). Several methods for species delimita-
tion have been developed based on the analysis of genetic
data (e.g. Puorto et al. 2001; Templeton 2001; Wiens &
Penkrot 2002; Morando et al. 2003; Pons et al. 2006).
From a taxonomic point of view, the delimitation of a spe-
cies has traditionally relied on one or more qualitative or
quantitative characters that do not overlap with those of
other species. In other words, morphological variation is
characterized by gaps between taxa, and the presence of
these gaps makes each taxon uniquely diagnosable (see
Otte & Endler 1989). However, the fact that individuals
of a species differ from each other and characters vary
along a continuum highlights the importance of consider-
ing intraspecific variation when delimiting species bound-
aries. It is worthy of note that intraspecific variation is
usually difficult to identify, especially in fossil taxa with-
out living representatives.

Morphometrics can be an important tool in systematic
studies given that it incorporates strong elements of quan-
tification and formal hypothesis testing (MacLeod 2002).
Linear and geometric morphometrics have proved to be
valuable tools for the resolution of taxonomic problems

(e.g. Hughes 1994; Adrain & Westrop 2006; Webster
2009; Hopkins & Webster 2009; Gendry et al. 2013;
Pandey & Parcha 2013; Zylifiska ez al. 2013). In particu-
lar, geometric morphometrics has been used to distinguish
interspecific disparity from intraspecific variation, leading
to more robust species delimitation, diversity estimates,
biostratigraphical correlation and detection of evolution-
ary patterns in a phylogenetic context (e.g. Hughes 1994;
Hughes & Chapman 2001; Cronier et al. 2005; Adrain &
Westrop 2006; Webster 2007, 2009, 2011; Hopkins &
Webster 2009; Abe & Lieberman 2012; Gendry et al.
2013).

Geometric morphometric approaches provide taxono-
mists with additional characters concerning the shape of
certain structures which may help in taxon delimitation
(e.g. Mutanen & Pretorius 2007). Unfortunately, although
these methods are capable of mathematically estimating
the best discriminator among species they often fail to
make accurate identifications (or diagnoses), rendering
them useless from a biological point of view (Zelditch
et al. 2004).

The olenid trilobite Leptoplastides marianus (Hoek)
was described based on three specimens from Cuesta de
Erquis, west Tarija, Bolivia (Hoek in Steinmann & Hoek
1912, p. 226, pl. 7, figs 1-3, referred to Parabolinopsis
mariana). These specimens show some degree of
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deformation and the illustrations in the original descrip-
tion are reconstructed. Later, Kobayashi (1937, p. 479, pl.
4, figs 15-17) redescribed this species and provided pho-
tographs of the type material. This author mentioned as
diagnostic characters the presence of a smooth glabella,
tiny palpebral lobes close to the glabella, truncated
(almost rectangular) pleural endings, 13 thoracic seg-
ments, and two? axial rings on the pygidium. The latter
two characters were subsequently emended by Harrington
& Leanza (1957), who observed 14 thoracic segments and
two pygidial axial rings.

Kobayashi (1935) erected the new genus Andesaspis to
accommodate a single species, Andesaspis argentinensis
Kobayashi, 1935 (pl. 11, figs 1, 2), which was described
on the basis of material from the early Tremadocian of the
Pascha area, Salta province, Argentina. A lectotype for
this species was subsequently designated by Harrington &
Leanza (1952, p. 196): the cranidium illustrated by
Kobayashi (1935, pl. 11, fig. 1). Harrington (1938, pp.
213-214; pl. 8, figs 13, 18, 21) described the species Pro-
topeltura granulosa Harrington based on material from
the Ruspasca Formation (Alfarcito area). This author rec-
ognized the following diagnostic characters for the spe-
cies: presence of a granular sculpture on the external
surface, a glabella with two furrows, 12 thoracic segments
and spine-like pleural ends. Finally, after examining a
large number of specimens (about 800), Harrington &
Leanza (1957) concluded that both 4. argentinensis and
P. granulosa were junior synonyms of L. marianus. In
regard to L. granulosus, they considered that the charac-
teristic glabellar granules are present in the types of this
species, but absent in most of the samples collected from
the type locality, which also exhibit a smooth glabella or
one with shallow depressions. Moreover, these authors
pointed out that the specimens that had been assigned to
L. granulosus have 14 thoracic segments and two pygidial
rings, instead of 12 and four, respectively, as described
previously by Harrington (1938); they even attributed the
difference in the shape of the pleural endings to poor pres-
ervation of the type specimens of L. marianus (Harrington
& Leanza 1957, pp. 92-93). With reference to L. argenti-
nensis, Harrington & Leanza (1957, p. 93) considered that
its cranidium and librigena were indistinguishable from
those of L. marianus, emphasizing that specimens with
this morphology were found combined with L. granulo-
sus-like pygidia in numerous localities. Recently, Wais-
feld & Vaccari (2003) proposed restricting the name L.
marianus to the type specimens because comparisons are
hampered by the poor preservation of this material. In
addition, they identified L. granulosus and L. argentinen-
sis as distinct species based on the different position of
the palpebral lobes (more anteriorly placed in L. granulo-
sus), the length of the preglabellar field (shorter in L.
granulosus), the width of the posterior fixigena (wider in
L. granulosus), and the position and direction of the genal

spines. Thus, they accepted L. granulosus as a valid taxon
for the specimens from the type locality (Alfarcito area)
(Waisfeld & Vaccari 2003, pl. 30, figs 8—10) and suggested
a revision of L. argentinesis. They also mentioned that the
material from Tortello & Rao (2000, figs 3J-R) from the
Lampazar and Cardonal formations (Angosto de Lampazar,
Pascha area) should be included in L. argentinesis. On the
other hand, Tortello & Acenolaza (2010) considered that
the morphology of the holotype of L. marianus, in spite of
showing transverse deformation, is similar to that of L.
argentinensis, especially in the degree of development of
the preglabellar field and palpebral lobes, shape of the trun-
cated anterior margin of the glabella and features of the lib-
rigena. They agreed with Waisfeld & Vaccari (2003) in
recognizing L. granulosus as a valid species, but they con-
sidered L. argentinensis as a junior synonym of L. maria-
nus (cf. Harrington & Leanza 1957).

To summarize, the name L. marianus has been applied
to a large number of specimens from north-western
Argentina following the conclusions of Harrington &
Leanza (1957) of a wide morphological variation in this
species. However, there has yet to be a major revision of
such material with particular focus on inter- or intraspe-
cific variations. In the present work, the variation of crani-
dial shape in L. marianus sensu Harrington & Leanza is
quantified using morphometric tools to test the hypothesis
that there are two different morphotypes. Also, the holo-
type of L. marianus is retro-deformed to evaluate the
validity of the proposed synonymy. Accordingly, the diag-
nosis and systematics of the morphospecies are revised,
and the usefulness of morphometric methodology for spe-
cies discrimination is discussed.

Geological setting

The Upper Cambrian—Lower Ordovician successions
from north-western Argentina are included in the Central
Andean Basin, a retroarc foreland basin located at mid to
high palaeolatitudes on the western margin of Gondwana
(Astini 2003, 2008; Egenhoff 2007). Deposits exposed
along the Western Cordillera of Argentina encompass a
wide range of marine and transitional environments, from
estuaries or deltas to deep marine (below storm wave
base) settings (Astini ef al. 2004; Buatois et al. 2006;
Egenhoff 2007). They correspond to the Santa Rosita and
Acoite formations (and lateral equivalents) included in
the Santa Victoria Group (Turner 1960; Astini et al. 2004;
Buatois et al. 2006).

Material and methods

Eight samples were collected from Ordovician outcrops in
the Argentinian Cordillera Oriental at quebrada Moya,
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Sierra de Zenta, Jujuy province. In addition, more than
200 specimens from the collection described by Harring-
ton & Leanza (1957) were also examined. These samples
consist of specimens from Tremadocian units exposed at
different localities in the Cordillera Oriental: quebradas
Huasamayo, Rupasca and San Gregorio (Alfarcito area),
quebrada Pocoy (Huichaira area), Iturbe River (Azul
Pampa area), quebrada Yacoraite (West of Huacalera
area), Negrito River (tributary of the Santa Cruz River),
quebrada de los Chanchos and road to La Caldera (La Cal-
dera area), Angosto de Pascha, quebrada del Toro (Pascha
area) (Fig. 1).

Specimens used for this study are preserved as imprints,
as well as internal and external moulds. Most have suf-
fered minor tectonic distortion and there is a
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Figure 1. Map showing the location of the Western Cordillera
of Argentina indicating the provenance of the specimens: 1,
Azul Pampa area, northern margin of the Iturbe River, 3.7 km
north-west of Azul Pampa; 2, Negrito river (tributary of Santa
Cruz river), west of San Antonio de la Nueva Oran city; 3, Que-
brada Moya, eastern margin of the Rio Grande, 5 km south-east
of Uquia; 4, Quebrada Yacoraite (west of Huacalera area), west-
ern margin of the Rio Grande, 8 km south-east of Uquia; 5, Que-
brada Pocoy (upper quebrada Huichaira), 10 km west of Tilcara
city; 6, Alfarcito area, eastern side of quebrada de Humahuaca,
3 km east of Tilcara city; 7, La Caldera area, western margin of
La Caldera river, 15-20 km north of Salta; 8, Pascha area,
Angosto de Pascha, upper quebrada de Incamayo.

predominance of disarticulated elements of the exoskele-
ton, mainly cranidia. Only holaspids were included in the
analyses. To obtain a reference value of the error intro-
duced by taphonomy, the variance within the same type
of lithology of the two proposed morphospecies was com-
pared with the total observed variance of the sample. In
this context, the variance observed in moulds and casts
was also compared between specimens with the two types
of preservation collected from the same locality. In the
absence of other variables like lithology or taxonomy, the
variance observed in the sample was attributed to differ-
ences in preservation. For each locality, 10 pseudo-repli-
cates of this procedure were carried out.

In addition, the study incorporated the holotype of Pro-
topeltura granulosa (CPBA 679) and two more speci-
mens: the lectotype of Andesaspis argentinensis (USNM
PAL 94138) from an online photograph, and the holotype
of Leptoplastides marianus. As mentioned above, the lat-
ter specimen is tectonically deformed but it was retro-
deformed based on Kobayashi’s photograph (1937, pl. 4,
fig. 15) and then included in the study. Retro-deformation
was performed with Photoshop, taking into account the
bilateral symmetry of the cranidium. Thus, the two main
axes (the sagittal and the wider transverse axes) were set
so that they became orthogonal to each other (Fig. 2),
obtaining 10 retro-deformed reconstructions of the holo-
type of L. marianus. To obtain a reference measure of the
retro-deformation error, the variance of the pseudo-repli-
cates was compared with the total observed variance of
the sample and with the variance of the 10 pseudo-repli-
cates of the same specimen.

Traditional morphometrics

Measurements were taken on 80 specimens, including
those assigned to Leptoplastides marianus by Harrington
& Leanza (1957) and the types of Protopeltura granulosa
and Andesaspis argentinensis. Eleven morphometric vari-
ables were determined (Fig. 3A; Table 1). In addition,
measurements were made on the 10 pseudo-replicates cor-
responding to the retro-deformed reconstructions of the
holotype of L. marianus. For both samples, the mean and
standard deviation of each variable were calculated and
the variances of the two groups for each variable were
compared. Three data matrices were constructed: the first
matrix included data from the specimens of L. marianus
sensu Harrington & Leanza; the second matrix also con-
tained the mean values from the pseudo-replicates of the
holotype of L. marianus; and the third matrix included
data from the 80 specimens of L. marianus sensu Harring-
ton & Leanza and the individual (non-averaged) data
from the pseudo-replicates. To summarize the variation
observed in L. marianus, a principal component analysis
(PCA) was performed from the variance-covariance
matrix of the log-transformed data using the software R
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Schematic representation of the Schematic representation of
deformed Holotype the consensus shape

[ A=\

Ellipses conformed by the two
major axes

The grey part of the deformed ellipse was modified to match
with the non-deformed one

Example of one pseudo-replicate

Figure 2. Image showing the steps followed to obtain the retro-deformed reconstructions of the holotype of Leptoplastides marianus
(Hoek).

(R Development Core Team 2010). To avoid the size Valkernburh 2009) and a new PCA was performed from
effect, the values of linear variables were corrected by the the variance-covariance matrix of the log-transformed
geometric means (Mosimann’s size variables) (see Mosi- corrected data. The first analysis (raw data) was carried
mann & James 1979; Meachen-Samuels & Van out on the matrix with the 80 specimens, while the second
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Figure 3. Schematic diagram of the cranidium of Leptoplastides
marianus sensu Harrington & Leanza, showing the data sets used
in the morphometric analyses. A, measurements used in the clas-
sic morphometric analysis; B, landmark distributions used in the
geometric morphometric analysis. Abbreviations: LOR, length
of the occipital ring (sag.); LC, length of the cranidium (sag.);
Lgl, length of the glabella (sag.); LPL, length of the palpebral
lobes (exasag.); WOR, width of the occipital ring (tr.); WglB,
width of the glabella (base) (tr.); WPF, width of the posterior fix-
igena (tr.); WIG, width of the interocular gena (tr.); WglE, width
of the glabella (eyes) (tr.); LPA, length of the preglabellar area
(sag.); LAB, length of the anterior border (sag.).

Table 1. Description of variables used in traditional morpho-
metric analysis.

Variable Description

LAB Length of the anterior border
LPA Length of the preglabellar area
LPL Length of the palpebral lobes
LC Length of the cranidium

Lgl Length of the glabella

LOR Length of the occipital ring
WelE Width of the glabella (eyes)
WglB Width of the glabella (base)
WOR Width of the occipital ring
WPF Width of the posterior fixinae
WIG Width of the interocular genae

(corrected data) was performed using the three matrices
mentioned above. Finally, a discriminant analysis was
conducted using the two predefined morphotypes as a
classifier with the original matrix (without the holotype of
L. marianus). To position the holotype of L. marianus in
the discriminant space, the value of the discriminant func-
tion was calculated with Microsoft Excel using the canon-
ical coefficients and considering the mean values of the
10 retro-deformed pseudoreplicates as representative of
this specimen.

Geometric morphometrics

Digital images of 66 cranidia of Leptoplastides marianus
sensu Harrington & Leanza, including the types of Proto-
peltura granulosa and Andesaspis argentinesis, were
taken. In cases where one-half of the cranidium was
incomplete, the other half was reflected, to increase the
amount of data. A total of 14 landmarks (type I and II
landmarks of Bookstein 1991) and seven semi-landmarks
(type III landmark of Bookstein 1991; see Bookstein
1997) were digitized (Fig. 3B; Table 2) with tpsDig 2.16
(Rohlf 2010a). The criterion used for sliding semi-land-
marks was minimum bending energy (BE: Bookstein
1996, 1997; Green 1996; Bookstein et al. 2002), which
consists in sliding semi-landmark points along the contour
of each specimen to minimize the bending energy neces-
sary to produce the change in the outline relative to the
reference form (Bookstein 1997; Gunz et al. 2005; Pérez
et al. 2006). A generalized least-squares Procrustes analy-
sis (GLS, also called a generalized Procrustes analysis,
GPA: Goodall 1991; Rohlf 1999) was performed to esti-
mate a mean shape and to align the specimens. Then, each
individual landmark configuration of the aligned speci-
mens was compared to the consensus, using the thin-plate
splines (TPS) deformation method, which allows the visu-
alization of the direction and degree of shape change rela-
tive to a mean consensus form. Thus, the partial warp
scores were computed for each individual (including the
non-uniform component and two uniform components)
and subsequently stored in a single matrix (weight matrix,
WM). These analyses were carried out with the program
TpsRelW 1.49 (Rohlf 2010b). The 10 retro-deformed
pseudo-replicates corresponding to the holotype of L.
marianus were treated with the same procedures, but sep-
arately. In this way, a consensus form was generated for
the holotype of L. marianus.

An exploratory analysis was made for the 66 specimens
of the relationship between shape and size. For this pur-
pose, the centroid size (CS), defined as the square root of
the squared distance between each landmark and the cen-
troid of the landmark configurations summed over all
landmarks, was calculated for each specimen. In the pres-
ence of allometry, CS will be related to any function
expressing ‘shape’. To evaluate the proportion of shape



6 D. S. Monti

Table 2. Description and type of landmarks used in geometric morphometric analysis. The asterisk indicates semi-landmarks.

Landmark Description Type of homology
1 Maximum of anterior curvature of the cranidium 2
2 Point where the anterior border furrow cuts the anterior margin of the cranidium 1
3 Anterolateral corner of the cranidium 2
4 Anterior branch of the facial suture 3"
5 Most distal anterior point of the palpebral lobe 2
6 Most posterior point of the palpebral lobe 2
7,8,9 Posterior branch of the facial suture 3"
10 Intersection between the posterior border furrow and the posterior branch of the facial suture 1
11 Posterolateral corner of the cranidium 2
12 Intersection between the posterior margin of the fixigena and the occipital ring 1
13 Posterior margin of the occipital ring at the sagittal plane 1
14 S0 at the sagittal plane 1
15 Intersection between S0 and axial furrows 1
16,17 Axial furrow 3"
18 Point of the maximum convexity of the glabella 2
19 Preglabellar furrow 3"
20 Preglabellar furrow at the sagittal plane 1
21 Anterior border furrow at sagittal plane 1

that was explained by size, the partial warp scores (calcu-
lated as explained above) were regressed against the loga-
rithm of the CS. This analysis was performed for all data
and for each group, separately. Because the regression
model assumes linearity of the relationship between size
and shape, the residuals from the regression line are the
deviations of an individual from the mean shape expected
for its size. In this way, the sum-squared residual (SSre-
sidual) can be used to estimate shape deviations not attrib-
utable to allometry. The shape variation explained by
allometry (SSmodel) will be the difference between the
sum-squared total (SStotal) of the sample and the SSresid-
ual. The ratio of SSmodel to SStotal gives the proportion
of total variance explained by allometry. A permutation
test (10,000 replicates of bootstrap resampling) was
applied to test for significance of the multivariate regres-
sion. These analyses were performed with the program
TpsRegr 1.41 (Rohlf2011).

A relative warp analysis (RWA) was made from the
WM to quantify and visualize the shape variation of Lep-
toplastides marianus sensu Harrington & Leanza with
TpsRelW 1.49 (Rohlf 2010b). In this case three matrices
were also used, one including the 66 specimens of L.
marianus sensu Harrington & Leanza, and the other two
containing the retro-deformed type specimen of L. maria-
nus (one including the 10 pseudo-replicates mentioned
above and the other only the consensus form). To quantify
the differences among the previously defined groups, the
partial Procrustes distance between the consensus configu-
rations of each species was calculated. The significance of
the observed difference between the species means was
tested using a bootstrap-based approach with Goodall’s F-

test (Goodall 1991; Dryden & Mardia 1998). The
observed F-value was compared to the range of F-values
obtained by randomly assigning specimens to samples
(1600 replicates) using TwoGroup8 software (Sheets
2014). For details of the methodology used, see Webster
& Sheets (2010) and Webster (2011). In addition, a canon-
ical variate analysis (CVA) based on Procrustes coordi-
nates was conducted with MorphoJ 1.02E (Klingenberg
2011).

To recognize variables easily determined in new mate-
rial and identify diagnostic characters that could discrimi-
nate between the two groups, a correlation analysis was
performed between the first axes of the RWA and the lin-
ear variables corrected for size (LOR, LC, Lgl, LPL,
WOR, WgIB, WPF, WGI, WgIE, LPA and LAB) and the
ratio variables (Lgl/WglB, LOR/WOR, LPA/LC, LAB/
LPF, WIG/WglE, WPF/WgIB, LOR/LC, LPL/Lgl, Lgl/
LC) (see Table 1). The correlation analysis was carried
out with InfoStat (Di Rienzo et al. 2014).

Systematic palaeontology

Studied specimens are deposited in the Invertebrate Pale-
ontology Collection, Department of Geology (Paleontol-
ogy area), Facultad de Ciencias Exactas y Naturales,
Universidad de Buenos Aires. In the descriptions and the
diagnoses, the proportions expressed as percentages are
medians, with the range of values in parentheses. All
measurements were obtained from digital images using
the Measure Tool of Adobe Photoshop.
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Figure 4. Leptoplastides granulosus (Harrington) from the Alfarcito area. A—C, type locality, quebrada Rupasca, Upper Tremadoc; A,
cranidium-thorax in dorsal view, holotype, CPBA 679; B, cranidio-thorax, CPBA 740; C, cranidium and partial thorax, CPBA 712. D—
G, quebrada San gregorio, Lower Tremadoc; D, cranidium, CPBA 1316; E, cranidium, CPBA 1310; F, cranidium, CPBA 1302; G, cra-
nidium, CPBA 1301; H, cranidium-thorax, CPBA 1311. Scale bars = 1 mm.

Class Trilobita Walch, 1771
Order Ptychopariida Swinnerton, 1915
Suborder Olenina Burmeister, 1843
Family Olenidae Burmeister, 1843
Subfamily Pelturinae Hawle & Corda, 1847
Genus Leptoplastides Raw, 1908

Type species. Concoryphe salteri Callaway, 1877 by
original designation.

Leptoplastides granulosus (Harrington, 1938)
(Figs 4, 6A)

1938 Protopeltura granulosa Harrington: 213, pl. 8, figs
13,18, 21.

1957 Parabolinopsis mariana (Hoek) [partim]; Harring-
ton & Leanza: 90, figs 29, 30.2-30.6, 30.10.

2003 Leptoplastides granulosa (Harrington); Waisfeld &
Vaccari: 328, pl. 30, figs 8-10.

2005 Leptoplastides marianus (Hoek); Zeballo & Tor-
tello: 135 figs. 4M, P-R.

Holotype. By original designation, CPBA 679 (Harring-
ton 1938, pl. 8, fig. 21), from the late Tremadocian of the
quebrada Rupasca, Alfarcito area, Jujuy.
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Other material. CPBA 686, 687, 709, 712, 715, 718,
719, 721, 722, 733, 735, 736, 738-740, 742, 744, 746—
750, 753, 754, 756, 760, 765-767, 769, 771-773, 775,
777, 779, 781, 782, 817-819, 821-825, 827, 830, 833—
838, 840844, 845, 847-853, 856859, 1301, 1302, 1305,
1308-1311, 13151318, 1322, 1323, 1325-1329, 1360,
1367, 1368, 1371, 1374, 1376, 1378, 1386, 2638, 2706—
2711, 2716, 2718, 2779, 2801, 2818, 4168-4170, 4172,
4173, 4175, 4177, 4178, 4180, 41834187, 4189, 4193,
4194, 4200, 4202, 4210.

Diagnosis. Leptoplastides that combines a short pregla-
bellar field, tiny palpebral lobes, closed to the glabella,
located anteriorly and oblique to the axial furrow with a
robust glabella, relatively large and a convex posterior
section of the facial suture.

Occurrence. Upper part of the Rupasca Formation
(Bienvillia tetragonalis-Conophrys minutula Zone, late
lower Tremadocian), quebradas Rupasca, San Gregorio
and Huasamayo (Alfarcito area), Jujuy. Leptoplastides
granulosus also occurs in the Tremadocian of Iturbe River
in the Azul Pampa area (J.Hum-5, and J.Hum-6 of Har-
rington & Leanza 1957), and Negrito River, Santa Cruz
River area (S.Ora-5 of Harrington & Leanza 1957).

Remarks. Leptoplastides granulosus shows great morpho-
logical variation in the general shape of the cranidium.
However, the combination of unique features, given in the
diagnosis, allows it to be distinguished from other species
of Leptoplastides. Therefore, in accordance with the pro-
posal of Waisfeld & Vaccari (2003), subsequently followed
by Tortello & Acenolaza (2010), L. granulosus is consid-
ered here a valid taxon.

Leptoplastides granulosus differs from L. argentinensis
(Kobayashi) in having a very convex, more rounded and
larger glabella, shorter palpebral lobes, located anteriorly
and positioned obliquely with respect to the axial furrow,
a shorter preglabellar field and convex posterior section of
the facial suture.

Like most of the species of the genus, Lepfoplastides
granulosus shows some ontogenetic variability. Speci-
mens of the late meraspid and early holaspid stages have
two or three glabellar furrows, an occipital node and
strong ocular ridges, but these characters are not observ-
able in the late holaspid stage. Zeballo & Tortello (2005)
pointed out some of these differences, along with others
such as the presence of striae on the librigena and a lower
external genal angle in younger specimens from Alfarcito
that can be assigned to this species.

Specimens resembling L. granulosus from the type
locality were illustrated by Harrington (1938, pl. 8, figs
13, 18, 21; referred to as Protopeltura granulosa), Har-
rington & Leanza (1957, figs 29, 30.2-30.6, 30.10;
referred to as Parabolinopsis mariana), Zeballo & Tor-
tello (2005, fig. 4M, P-R; referred to as Leptoplastides

marianus) and Waisfeld & Vaccari (2003, pl. 30, figs 8—
10; referred to as Leptoplastides granulosus). The pro-
posal of Tortello & Acenolaza (2010, p. 159) of a poorly
preserved specimen from the upper Tremadocian of Sierra
de Santa Barbara (F. G. Acenolaza & Gonzalez 1977, fig.
1.2) as conspecific with L. granulosus is confirmed here.

Leptoplastides argentinensis (Kobayashi, 1935)
(Figs 5, 6B)

1935 Andesaspis argentinensis Kobayashi: 204, pl. 11,
figs 1, 2 only.

1937 Andesaspis argentinensis Kobayashi; Harrington:
111, pl. 7, figs 8-10.

1938 Andesaspis argentinensis Kobayashi (partim); Har-
rington: pl. 8, figs 10, 14, 15.

1957 Parabolinopsis mariana (Hoek) (partim); Harring-
ton & Leanza: 90, figs 30.1, 30.7-30.9.

1957 Leptoplastides marianus (Hoek) (partim); Hennings-
moen: 266.

1980 Leptoplastides marianus (Hoek) (partim); Pribyl &
Vanek: pl. 7, figs 4, 5.

1998 Leptoplastides marianus (Hoek); Rao & Tortello:
39, fig. 4G-J.

2000 Leptoplastides marianus (Hoek); Tortello & Rao:
72, fig. 3J-R.

2002 Leptoplastides marianus (Hoek); Tortello, Esteban,
& Acenolaza: figs 3n, 4a—c.

2003 Leptoplastides marianus (Hoek); G. F. Acenolaza,
Araoz, Vergel, Tortello, & Nieva: pl. 1, figs d, e.

2013 Leptoplatides marianus (Hoek); Tortello, Zeballo, &
Esteban: 144, fig. 6.1-11.

Type. Lectotype, designated by Harrington & Leanza
(1952, p. 196): cranidium illustrated by Kobayashi (1935,
pl. 11, fig. 1) from the early Tremadocian of the Pascha
area, Salta. USNM PAL 94138 (Fig. 6B).

Diagnosis. Leptoplastides with a moderately developed
preglabellar field, tiny palpebral lobes, located at the mid-
point (sag.) of the glabella, subparallel to the axial furrows
and almost triangular fixigena, posterior branch of the
facial suture straight to concave.

Material. CPBA 1400, 1401, 1405-1407, 1411-1420,
1422, 1423, 1425, 14291432, 1830, 1839, 1843, 1895,
1924, 2912, 2955, 3171, 3332-3346, 3348, 3350, 3574,
3384, 3887, 3895, 3574, 4367, 19378, 19494, 21910
(1-6), 21911 (1-2), 21912 (1-2), 21914 (1-2), 21915,
21916 (1-2), 21917 (1-3).

Occurrence. Lower Tremadocian of quebrada de los
Chanchos (Gallinato) and road to La Caldera, La Caldera
area, quebrada Moya, Abra Zenta (Tortello & Acenolaza
2010), quebrada Incamayo, Santa Victoria area. The spe-
cies also occurs in the Lower Tremadocian of quebrada
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Figure 5. Leptoplastides argentinensis (Kobayashi). A—I, quebrada Moya, Lower Tremadoc; A, partial cranidium, CPBA 21910-3; B,
cranidium, CPBA 21917-1; C, cephalon, CPBA 21910-5; D, cephalon-thorax, CPBA 21910-1; E, cephalon-thorax, CPBA 21914-2; F,
right side of cephalothorax, CPBA 21911-2; G, cephalon, CPBA 21911-1; H, partial cranidium, CPBA 21910-6; I, partial cranidium,
CPBA 21914-1. J-L, La Caldera area, quebrada de los Chanchos, Lower Tremadoc; J, cranidium, CPBA 1401; K, cranidium, CPBA
1420; L, cranidium, CPBA 1422. Scale bars = 1 mm.



Figure 6. Comparison of the types and consensus shapes for each taxon recognized. A, holotype of Leptoplastides granulosus (Harring-
ton). B, lectotype of L. argentinenesis (Kobayashi) (modified from the online catalogue of the Smithsoninan Collection: nmnhpaleobiol-
ogy_3038433; courtesy of the Smithsonian Institution). C, retro-deformed holotype of L. marianus (Hoek). D, consensus shape of L.
granulosus. E, consensus shape of L. argentinensis. F, consensus shape of the 10 retro-deformed pseudo-replicates of the holotype of L.
marianus. Scale bars: A = 0.69 mm; B = 0.98 mm; C = 4.08 mm.
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Toro (Pascha area), Lampazar and Cardonal formations,
Angosto de Lampazar (Pascha area) and east of Cerro
Golgota, Rosario de Lerma, Salta (Rao & Tortello 1998;
Tortello & Rao 2000).

Remarks. Tortello & Acenolaza (2010) followed Har-
rington & Leanza (1957) in regarding Leptoplastides
argentinensis as a junior synonym of L. marianus, arguing
from the similar morphology, especially with respect to
the degree of the preglabellar field and the palpebral
lobes. However, both characters were analysed here and
this hypothesis is not corroborated. Leptoplastides argen-
tinensis, unlike the retro-deformed type of L. marianus,
shows a more developed preglabellar field, and larger pal-
pebral lobes.

Leptoplastides argentinensis shows some variations in
different aspects of its morphology, as previously stated
(e.g. Robison & Pantoja-Alor 1968; Tortello & Acenolaza
2010). The specimens studied here show variability
related to the degree of development of the preglabellar
field and glabellar segmentation (while most of the speci-
mens have a smooth glabella, some show indications of a
pair of glabellar furrows). Robison & Pantoja-Alor (1968)
suggested that this variability is related to ontogenetic
development. They noted that late meraspids/early holas-
pids have visible glabellar furrows, a moderately defined
anterior border furrow, a narrow and elevated anterior
border, and a conspicuous occipital node, which disap-
pears or becomes faint in larger holaspids. This ontoge-
netic variability is also documented in other species of the
genus, such as L. salteri (Callaway, 1877) from the late
Tremadocian of England (Fortey & Owens 1991).

Leptoplastides argentinensis differs from the type spe-
cies of the genus, L. salteri (Callaway) from the Tremado-
cian of Shropshire, UK (Fortey & Owens 1991, figs 8c—j,
9), because the former has a more developed preglabellar
field, more posteriorly located genal spines, and a pygid-
ium with marginal spines (cf. Henningsmoen 1957; Rao
& Tortello 1998; Tortello & Acenolaza 2010).

Results

Traditional morphometrics

The first axis of the PCA with the raw data accounts for
94.29% of total variability and shows a strong influence
of size. All of the variables are positively correlated with
this axis (Fig. 7A, B). Therefore, larger specimens have
positive values on PCl1, while smaller specimens have
negative values. All of the specimens are evenly scattered
along this axis, indicating that the two morphotypes do
not differ in size. The two primary axes of the PCA
obtained from the corrected data account for 61.91% of
total variability. Although the two morphotypes can be
recognized, they show some overlap (Fig. 7C). The first

axis, which explains 40.16% of the variability, correlates
positively with the length of the palpebral lobes (LPL),
the length of the preglabellar area (LPA), and the length
of the anterior border (LAB) (0.25, 0.49 and 0.57, respec-
tively). It correlates negatively with the length of the
occipital ring (LOR) (—0.51) (Fig. 7D). Therefore, speci-
mens with a well-developed preglabellar area (sag.) and
anterior border (sag.), and with longer palpebral lobes
(exasag.), are located on the positive side of the axis,
while specimens with a poorly developed preglabellar
area (sag.) and anterior border (sag.), and with shorter pal-
pebral lobes (exasag.), are placed on the negative side of
the axis (Fig. 7C, D).

The second axis correlates positively with the length of
the palpebral lobes (LPL) (0.68) and negatively with the
length of the occipital ring (LOR) and the length of the
anterior border (LAB) (—0.37 and —0.51, respectively)
(Fig. 7D). Specimens with well-developed palpebral lobes
(exasag.), a longer anterior border (sag.), and a shorter
occipital ring (sag.), lie on the positive side of the axis,
while specimens with less-developed palpebral lobes
(exasag.), a shorter occipital ring (sag.), and a longer ante-
rior border (sag.) (Fig. 7C), are on the negative side of the
axis. Specimens assigned to Leptoplastides argentinensis
are located in the positive half, while those morphologi-
cally similar to L. granulosus are found in the negative
half. This indicates that L. argentinensis specimens,
unlike those of L. granulosus, are characterized by having
arelatively well-developed preglabellar area (sag.), longer
palpebral lobes (exasag.) and a shorter occipital ring (sag.)
(Fig. 7C, D).

When the retro-deformed holotype of L. marianus was
included in the PCA, it was placed in the range of varia-
tion of L. granulosus (Fig. 8A). However, when the 10
retro-deformed pseudo-replicates were included, they
formed a third group separated from the other two mor-
photypes that overlapped with the group of L. granulosus
(Fig. 8C). The discriminant function separates the two
morphotypes, with centroid values of —1.28 and 1.73 for
L. granulosus and L. argentinensis, respectively. How-
ever, a total error of 8.75% is obtained from the cross-
classification table. The discriminant score for the retro-
deformed holotype of L. marianus is —0.9699, suggesting
that it may be classified as L. granulosus.

Geometric morphometrics

The first axis of the RWA accounts for 33.50% of the
total shape variance and clearly separates the two mor-
photypes (Fig. 9A). This axis relates primarily to varia-
tion in the relative size and shape of the frontal region
and posterior wing. The most remarkable difference in
morphology along the axis is the shape of the anterior
and posterior branches of the facial suture. In addition,
the relative size and position of the palpebral lobes vary
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Figure 7. Scatter plot of the two first components of the principal component analysis (PCA) performed with morphometric variables.
A, raw data; C, data corrected by geometric means; black circles, Leptoplastides granulosus (Harrington); black star, holotype of L.
granulosus (CPBA 679); grey square, Leptoplastides argentinensis (Kobayashi); grey star, holotype of L. argentinensis (USNM PAL

94138). B, D, biplots of the eigenvectors. For abbreviations see Table 1

along this axis. Specimens with positive score values
show an almost concave posterior branch of the facial
suture and longer palpebral lobes (exasag.), which are
parallel to the axial furrow and placed at the middle point
of the glabella (sag.). The anterior branch of the facial
suture tends to be subparallel, and the preglabellar field
is more developed (Fig. 9A). Specimens with negative
score values of relative warp 1 (RW1) have a clearly
convex posterior branch of the facial suture and a shorter
preglabellar field (sag.). The anterior branch of the facial
suture tends to be convergent and the palpebral lobes are
shorter (exasag.), oblique with respect to the axial furrow
and anterior to the middle point of the glabella (sag.)
(Fig. 9A).

Almost all of the specimens assigned to Leptoplastides
granulosus have negative scores and the type specimen of
this species is found among the most extreme forms, while
all the specimens assigned to L. argentinensis have positive
scores (Fig. 9A). The second axis of the RWA explains
15.76% of total shape variance and relates primarily to

variation in the width of the posterior fixigeanae and the
length of the preglabellar field. Both morphotypes are
evenly scattered along this axis (Fig. 9A). Hence, L. granu-
losus is characterized by having a relatively larger axial
lobe of the cranidium, a clearly convex posterior branch of
the facial suture, a shorter preglabellar field (sag.), an ante-
rior branch of the facial suture that tends to be convergent,
and shorter palpebral lobes, oblique with respect to the
axial furrow and close to the anterior end of the glabella
(sag.). On the other hand, L. argentinensis shows a rela-
tively smaller glabella and occipital ring, a posterior branch
of the facial suture with a tendency to be concave, and lon-
ger palpebral lobes (exasag.) that are parallel to the axial
furrow and located at the middle point of the glabella
(sag.). The anterior branch of the facial suture is subparallel
and a preglabellar field more developed.

When the holotype of L. marianus is included in the
analysis as the consensus of all pseudo-replicates, it is
placed within the variational range of L. granulosus
(Fig. 9B). However, when the individual pseudo-
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Figure 8. Scatter plot of the two first components of the principal component analysis (PCA) performed with the matrix including the
retro-deformed holotype of Leptoplastides marianus. A, including the average measurements; C, including the average measurements
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pseudo-replicates of the L. marianus type; white star, average measurements of the holotype of L. marianus. B, D, biplots of the eigen-

vectors. For abbreviations see Table 1.

replicates are incorporated into the analysis these are sep-
arated as a third group (Fig. 9C). This new group shows
some subtle differences, including an anterior branch of
the facial suture clearly convergent, an almost straight
posterior branch, and palpebral lobes located closer to the
glabella and even more anterior than in L. granulosus
(Fig. 9C). Goodall’s F-test shows significant differences
in mean shape between the two morphotypes (distance
between medians 0.0644-0.0913 at 95% of confidence; F
= 17.04; p = 0.0006, permutation test, 1600 replicates).
Furthermore, the CVA based on the Procrustes coordi-
nates show significant differences between the two groups
(Mahalanobis distance = 6.9121, p < 0.0001, permutation
test 1000 replicates; Procrustes distance 0.0748, p <
0.0001, permutation test 1000 replicates).

In analysing the linear variables, RW1 shows a signifi-
cant positive correlation with LPA and LAB, and a signifi-
cant negative correlation with LOR, LC, Lgl, LPL, WOR,
WgIB and WIG. However, it is worthy of note that the
Pearson’s correlation coefficient is smaller than |0.61| in
all cases (Table 3). With regard to the ratio variables,
RW1 shows a significant positive correlation with LPA/
LC and LPL/Lgl, and a significant negative correlation
with LOR/WOR, WIG/WgIE, and LOR/LC (Table 3).

Leptoplastides granulosus shows a statistically signifi-
cant regression between shape and size (4.83% of the total
variance; permutation test p = 0.0423), with larger speci-
mens having a more developed preglabellar field and a
less-convex posterior branch of the facial suture than
smaller ones. On the other hand, specimens of L.
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holotype of L. marianus.

argentinensis showed a non-significant regression
between shape and size (5.97% of the total variance; per-
mutation test p = 0.1306), suggesting that there is not
enough evidence to support any association between
shape and size. Nevertheless, the range of size included in
each case is different: the cranidium length range of L.
granulosus (0.195-1.306 cm) is wider than that of L.
argentinensis (0.252—-1.279 cm).

Discussion

The results obtained from the different analyses carried
out in this study allow discrimination between two mor-
photypes, supporting their separation as two species (Lep-
toplastides  granulosus and L. argentinensis). The
distortion of the holotype of L. marianus prevented it
from being included a priori in the analyses. However,
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Table 3. Coefficient of Pearson’s correlation for each linear var-
iable corrected for size and ratio variables with the relative warp
1 (RW1). The asterisk indicates significant correlations.

Relative warp analysis

(RWA) axis Variable Pearson coefficient P value
RW1 LOR —0.61 <0.0001"
RW1 LC —0.41 0.0007*
RWI1 Lgl —0.31 0.012*
RWI1 LPL 0.58 <0.0001"
RWI WOR —0.42 0.0005*
RW1 Wgl.B —0.41 0.0007*
RW1 WPF —0.12 0.328
RWI1 WIG —0.37 0.0024"
RWI1 Wgl.E 0.17 0.1748
RW1 LPA 0.53 <0.0001"
RWI LAB 0.38 0.0015*
RWI Lgl/WgIB 0.08 0.502
RWI1 LOR/WOR —0.44 0.0002*
RWI1 LPA/LC 0.58 0.0002*
RWI LAB/LPF —0.11 0.38
RWI WIG/WglE —0.35 0.0035*
RW1 WPF/WglB 0.1 0.4478
RW1 LOR/LC —0.56 <0.0001"
RWI1 LPL/Lgl 0.62 <0.0001"
RWI1 Lgl/LC —0.08 0.5222

after quantifying the variation in cranidium shape of the
sample and confirming the existence of the two morpho-
types, a second analysis was undertaken to determine the
position in the morphospace of the retro-deformed holo-
type of L. marianus.

It is interesting to note that the holotype of L. marianus
(in both the geometric and linear morphometry data sets)
is not placed within the range of variation of L. argenti-
nensis, as proposed by Tortello & Acenolaza (2010), but
instead falls within the range of variation of L. granulosus.
These authors considered that the morphology of the holo-
type of L. marianus is similar to that of L. argentinensis,
especially in the degree of development of the preglabel-
lar field and palpebral lobes. Regarding the first character
in the types of L. marianus, L. argentinensis and L. granu-
losus, the length of the preglabellar field occupies respec-
tively 9.8, 9.8 and 6.5% relative to the length of the
cranidium (excluding the anterior cephalic border)
(Fig. 6A-C). Also, as stated by Harrington & Leanza
(1957, p. 91), the preglabellar field of the holotype of L.
marianus is raised by the distortion of the specimen and
therefore its real sagittal length could be even longer. The
differences observed in the length of the preglabellar area
are due to the length of the anterior cephalic border, which
is much smaller in L. marianus, perhaps because of the
poor preservation. On the other hand, the length of the
palpebral lobes occupies about 21, 19 and 15% of the

length of the cephalon in the types of L. marianus,
L. argentinensis and L. granulosus, respectively (Fig. 6A—
C). In the analysis of linear morphometrics this character
is important to order the variation among the specimens,
and the three types clearly occupy different zones of the
morphospace. With regard to the qualitative characters,
even if the position of the palpebral lobes and the outline
of the posterior facial suture of L. marianus and L. argen-
tinensis are comparable, the geometric morphometric
analyses show differences between the two types, espe-
cially explained by RW1 which exposes changes in these
characters (Fig. 9B, C).

When the types of Leptoplastides argentinensis and
L. granulosus were compared with the consensus shape or
the mean measurements of the sample, some differences
due to intraspecific variations could be recognized. In
L. granulosus these differences are minor, and the holo-
type is very similar to the consensus shape, while the lec-
totype of L. argentinensis does not occupy the centre of
the distribution for this species (Figs 6A, B, D, E, 9B, C).
Even if the lectotype of L. argentinesis shows a preglabel-
lar field that is shorter than the median value for the mor-
phospecies (9.8% vs 16%), this character statistically
differs between the two species and is considered here a
diagnostic character.

Another point to emphasize is that when the pseudo-
replicates were analysed separately they formed a distinct
grouping different from Leptoplastides granulosus and L.
argentinensis. This may be a consequence of how PCA
axes are defined: the first axis is a built-in function of the
highest differences observed among all the specimens in
the sample, which are arranged in an increasing order
along this axis; the second axis is orthogonal to the first
axis and considers the variance not explained by the first
axis, and so on. If the analysis is restricted to two morpho-
types, the highest differences on the axes are those leading
to their separation. If a single specimen of a slightly dif-
ferent morphotype is included, it may be overlooked by
the analysis. However, the differences among the three
morphotypes may become evident if many specimens of
the third morphotype are incorporated in the analysis. In
any case, it is risky to assume that L. marianus corre-
sponds to a third morphotype. Firstly, the data from the
holotype of L. marianus may be inaccurate because they
were obtained from a retro-deformed image, which can be
affected by different error sources. Secondly, but not less
importantly, no additional material has been recognized to
be included in a third morphotype. The fact that the holo-
type of L. marianus is deformed makes it difficult to iden-
tify specific diagnostic characters and thus to assign it to
any species. Although Tortello & Acenolaza (2010) con-
sidered the specimens of L. argentinensis to belong to
L. marianus, this is not supported by the results obtained
here. Indeed, the retro-deformed holotype of L. marianus
does not provide conclusive evidence to include it within
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the variation range of L. granulosus for assessing synon-
ymy. Moreover, the shape of the glabella, which was pro-
posed by Kobayashi (1937) as a diagnostic character, is
shared by the two morphotypes distinguished by the anal-
ysis. Based on the considerations mentioned above, the
name L. marianus, which is widely used in the scientific
literature to refer to a large number of specimens, should
be restricted to the three type specimens, as previously
proposed by Waisfeld & Vaccari (2003). In line with this
conclusion, Leptoplastides granulosus and Leptoplastides
argentinensis are recognized as valid names for the two
morphotypes distinguished in this work.

Although both morphometric approaches were able to
separate the two species, the area of overlap was greater
for the traditional than for the geometric analyses. More-
over, differences between the two morphospecies were
better identified by the geometric analyses since these
allowed inclusion of characters of the cranidium, such as
the shape of the facial suture and the relative position of
the palpebral lobes. Traditional morphometric analyses
revealed differences in the degree of development of the
preglabellar area (sag.), the length of the palpebral lobes
(exasag.), and the length of the occipital ring (sag.). The
former two characters were also important for species dis-
crimination in the geometric morphometric analysis, and
the correlations between these three variables and the first
RWA axis showed the highest Pearson’s correlation coef-
ficient (> |0.5|; Table 3). These characters were consid-
ered differences between the two species by Waisfeld &
Vaccari (2003), who also proposed the width of the poste-
rior fixigena as a difference. However, the results obtained
here do not support this statement (95% confidence inter-
val (CI): 0.23-0.31 for Leptoplastides argentinensis vs
0.16-0.22 for L. granulosus). As noted above, geometric
morphometric analysis allows a clearer separation
between the two species and recognizes differences
between them, such as the position of the palpebral lobes
(previously highlighted as a difference by Waisfeld &
Vaccari 2003), the relative size of the axial lobe of the
cranidium, and the direction of the facial suture. The ratio
characters that distinguished L. argentinensis from L.
granulosus were: the length of the preglabellar area rela-
tive to the length of the cranidium (95% CI: 0.17-0.18 vs
0.13-0.14, respectively), the width of the interocular gena
relative to the width of the glabella (eyes) (95% CI: 0.31-
0.34 vs 0.35-0.40, respectively), the length of the occipi-
tal ring relative to the length of the cranidium (95% CI:
0.14-0.16 vs 0.17-0.18, respectively), and the length of
the palpebral lobes relative to the length of the glabella
(95% CI: 0.30-0.36 vs 0.26-0.28, respectively). In his
original description, Harrington (1938) recognized the
presence of a granular sculpture on the external surface as
a diagnostic character of the species Protopeltura granu-
losa. As noted by Harrington & Leanza (1957), this char-
acter is present in the holotype but is absent in most of the

samples collected from the type locality. The granular
sculpture is present only in well-preserved specimens,
across different localities. Moreover, in the analyses car-
ried out here, specimens with this character are evenly
scattered along the axes. Therefore, observed sculpture
variation is probably a taphonomic artifact.

Allometric growth has been well documented in several
species of olenids (e.g. Kim et al. 2002) at different stages
of development (ontogenetic allometry: Cook 1966). The
present study involved holaspids and focused on static
allometry, which deals with covariation of traits within a
particular ontogenetic stage of a single species (Cook
1966; individual allomorphosis sensu Gould 1966). This
type of allometry was not specifically explored in other
olenid species. An exploratory analysis performed in other
olenid species from the Cordillera Oriental, such as
Jujuyaspis keideli (Monti 2013), suggests that this type of
allometry is present in holaspids. In particular for the
genus Leptoplastides, morphological variation attributable
to ontogenetic allometry has been reported for different
species (e.g. Robison & Pantoja-Alor 1968; Fortey &
Owens 1991), and is generally associated with qualitative
characters, such as the degree of segmentation of the gla-
bella, the degree of definition of the anterior border fur-
row, the degree of development of the anterior border,
and the presence of an occipital node; the cranidia of late
holaspids tend to be smoother. The results presented here
suggest that L. granulosus exhibits allometric growth
whereas L. argentinensis does not, possibly because crani-
dium length range in L. granulosus (0.195-1.306 cm) is
greater than that of L. argentinensis (0.252—1.279 cm). A
larger sample is needed for more definitive conclusions.
With regard to L. granulosus, it is pertinent to mention
that the late meraspids/early holaspids, unlike the late
holaspids, exhibit a more developed preglabellar area and
a more concave posterior branch of the facial suture.

Morphological data are the cornerstone of almost all
systematic descriptions, with morphological features
defining the basic units of biology such as species and
other monophyletic taxa (Nelson 1989). However, the use
of morphology as the only species identification method
may be a difficult task. Taking into account the theoretical
correspondence between morphology and genetics, one
would expect to find morphological gaps supporting the
separation of these units, but a continuity of variation is
often observed between morphological traits, particularly
in small taxonomic units. Another constraint may be
imposed by intraspecific variation, which is common in
extant species. In fossil taxa without living representa-
tives, not only intraspecific variation but also tectonic
deformation complicates this issue even further. In this
scenario morphometrics provides useful tools for the iden-
tification of sources of variation (e.g. Lawing & Polly
2010), which contribute to more informative analyses
allowing species diagnosis, as evidenced in this study.
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The results of this work constitute a new example of the
contribution of morphometrics to taxonomic studies.
Using different sources of variation allows the distinction
of different morphological groups that share some degree
of cohesion. The study of classic variables helps to iden-
tify morphometric variables that are useful in the diagno-
ses of species.

Conclusions

The name Leptoplastides marianus should be restricted to
the three type specimens of Cuesta de Erquis, Bolivia, due
to the deformation of these materials. Leptoplastides
argentinensis and L. granulosus are both valid names for
the two morphotypes recognized in the present paper.
Leptoplastides argentinensis is characterized by the pres-
ence of a proportionally smaller glabella and occipital
ring compared to the size of the cranidium, a posterior
branch of the facial suture ranging from almost straight to
concave, large palpebral lobes (exasag.) located subparal-
lel to the axial furrow and at the midpoint of the glabella
(tr.), an anterior branch of the facial suture that tends to be
subparallel, and a barely more developed preglabellar
area. Leptoplastides granulosus has a relatively larger
axial lobe of the cranidium, a clearly convex posterior
branch of the facial suture, small palpebral lobes located
obliquely to the axial furrow and close to the anterior part
of the glabella, a subparallel to convergent anterior branch
of the facial suture, and a very short (sag.) preglabellar
area. Leptoplastides granulosus shows allometric growth:
the late meraspids/early holaspids have a better developed
preglabellar (sag.) area and a more convex anterior section
of the facial suture, while the late holaspids show a shorter
preglabellar area (sag.) and a less convex posterior section
of the facial suture.
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