
Vol.:(0123456789)1 3

PalZ 
https://doi.org/10.1007/s12542-021-00580-9

RESEARCH PAPER

A new look at Eccaparadoxides (Cambrian, Trilobita) and its 
biostratigraphic significance

Gerd Geyer1   · Ed Landing2 · Anna Żylińska3

Received: 25 January 2021 / Accepted: 31 July 2021 
© The Author(s) 2021

Abstract
Eccaparadoxides is a geographically widely distributed trilobite genus that occurs in the middle part of the Cambrian 
System. However, the systematically important morphologic characteristics that can be used to differentiate taxa are often 
problematical in their application. A review of the large number (over 30) of significant species or forms assigned to Ecca-
paradoxides clearly indicates that only the pygidia offer fairly reliable morphologic criteria that can be used taxonomically 
and phylogenetically. The pygidia allow for recognition of four different morphological groups (pusillus, lamellatus, pra-
doanus and asturianus) of which the asturianus group can only be questionably assigned to the genus. Species known only 
from cranidia cannot be assigned to Eccaparadoxides with certainty. This study refines the biostratigraphy for the interval 
from the upper Wuliuan to the middle Drumian and shows that this interval brackets the range of most Eccaparadoxides 
species. The genera or subgenera Baltoparadoxides, Rejkocephalus and Macrocerca are evaluated. Eccaparadoxides zelus, 
E. epimetheus and Eccaparadoxides? hestia are newly proposed species.
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Introduction

Eccaparadoxides is a well-known genus (or subgenus) of 
the Paradoxides clade. Up to 29 species and a number of 
additional “forms” have been distinguished and assigned, 
or tentatively assigned, to the genus. The genus was pro-
posed by Šnajdr (1957), when he assigned the Bohemian 
species of the traditional genus Paradoxides to four genera: 
Paradoxides Brongniart, 1822; Acadoparadoxides Šnajdr, 
1957; Eccaparadoxides Šnajdr, 1957; and Hydrocephalus 
Barrande, 1846; with Plutonides Hicks, 1895, allied as a 

fifth genus. Šnajdr’s (1957) generic concepts, which were 
based primarily on Bohemian material, allowed a relatively 
straightforward distinction between the genera based on 
the pattern of glabellar furrows, length of palpebral lobes, 
course of the anterior branches of the facial suture, overall 
shape of the pygidium and the length and subdivision of 
the pygidial axis. However, these generic concepts became 
relatively blurry when all known and subsequently erected 
paradoxidine species were carefully compared. This resulted 
in the proposal of additional (sub)genera such as Eoparadox-
ides Solov’ev, 1969; Baltoparadoxides Šnajdr, 1986; Rejko-
cephalus Kordule, 1990; and Mawddachites Fletcher, 2007.

A number of studies on these “Acadobaltic” paradox-
idines have been published over the past 30 years with 
different approaches to resolve the difficulties of generic 
distinctions. However, Eccaparadoxides remained as the 
least evaluated taxon among them in terms of differentia-
tion, species concepts and biostratigraphy. In this review, the 
distinction and definition of Eccaparadoxides are evaluated 
with additional Eccaparadoxides forms described from West 
Gondwanan areas in Central Europe and the Moroccan Atlas 
ranges. In addition, this study refines the biostratigraphy for 
the upper Wuliuan to the middle Drumian, which brackets 
most of the range of Eccaparadoxides species.
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Šnajdr’s concept of Eccaparadoxides 
and the characterisation of E. pusillus

The genus Eccaparadoxides was proposed by Šnajdr 
(1957) based on Paradoxides pusillus Barrande, 1846. 
Šnajdr (1957: 114–115) provided a long diagnosis of the 
genus, which largely refers to the characters seen in E. 
pusillus, particularly the presence of four pairs of lateral 
glabellar furrows; a relatively slender posterior part of the 
glabella; long and conspicuously curved palpebral lobes; 
short anterior branches of the facial suture, which cause 
the anterior wings to lie more adaxially than the lateral 
margins of the palpebral lobes; a subhexagonal outline of 
the pygidium; a broad pygidial doublure; and a moderately 
long pygidial axis (e.g., Fig. 1c).

Šnajdr (1957: 115) included Eccaparadoxides hark-
nessi (Hicks, 1871), E. mediterraneus (Pompeckj, 1901) 
(commonly misspelled “mediteraneus” by Šnajdr), E. 
brachyrhachis (Linnarsson, 1883), E. insularis (West-
ergård, 1936) and E. eteminicus (Matthew, 1883) in the 
genus without reservation. He also tentatively included 
E.? oelandicus (Sjögren, 1872), “E. sjögreni nepos” 

(Grönwall, 1902), E.? acadicus (Hartt in Dawson, 1868), 
E.? pradoanus (Verneuil and Barrande in Prado et al., 
1860) and E.? tumidus (Angelin, 1854), as well as the 
problematic, unrecognizable species E. barrandei (Bar-
rois, 1882) (see Pompeckj 1896). Given the differences in 
the morphologic characters of these species, this indicates 
that Šnajdr (1957) had a relatively rigid and narrow con-
cept of Eccaparadoxides in mind.

Eccaparadoxides pusillus (Barrande, 1846) is a well-
known, common species from the Jince Formation of the 
Přibram–Jince Basin and the Skryje Member of the Buchava 
Formation in the Skryje–Týřovice Basin in the Bohemicum/
Barrandian region of the Czech Republic (e.g., Fatka 2006; 
Fatka and Szabad 2014). The known specimens record a 
surprisingly high morphological plasticity that includes 
differences of the glabellar outline (ranging from weakly 
expanding forward to decidedly pear-shaped), the length 
of the palpebral lobes and their contact with the glabella, 
and the course of the anterior branches of the facial suture. 
This variability led to the proposal of a number of species, 
which are now regarded as synonyms of E. pusillus (e.g., 
Šnajdr 1957). These synonyms include Hydrocephalus sat-
urnoides Barrande, 1846; Paradoxides inflatus Hawle and 

Fig. 1   Eccaparadoxides pusillus (Barrande, 1846). a NM L19567, 
dorsal exoskeleton, figured in Šnajdr (1958: pl. 22, fig. 3), from local-
ity Slapy/Slapnický mlýn; b NM L12635, relatively large cranidium, 
figured by Barrande (1852: pl. 13, fig. 4), from locality Slapy/Slap-
nický mlýn; c NM L16672, pygidium, figured by Barrande (1872: pl. 
3, fig. 36), from locality Mlečice; d NM L12633, cranidium of mod-

erate size, slightly longitudinally compressed, figured by Barrande 
(1852: pl. 13, fig.  3), from locality Slapy/Slapnický mlýn, original 
collection of I. A. Hawle; e NM, cranidium of relatively small size 
with slightly curved S3, from uncertain locality. All specimens in 
dorsal view, from Jince Formation, Jince–Skryje Basin, Bohemia. 
Scale bars 5 mm except for  e  (1 mm)
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Corda, 1847 (in part); Phanoptes pulcher Hawle and Corda, 
1847; and Paradoxides orphanus Barrande, 1852. Paradox-
ides rugulosus Hawle and Corda, 1847, is also a synonym of 
E. pusillus, as it was published in a monograph shortly after 
Barrande (1846) opus.

However, relatively few pygidia are described and fig-
ured from the species, and their morphological variability 
is uncertain. The pygidia known from Eccaparadoxides 
pusillus have a subelongate to subhexagonal outline with a 
truncated posterior margin showing a shallow indentation. 
The pygidial axis is relatively short, only half the length of 
the pygidium or less. Only one axial ring is well-defined, 
with a second one faintly marked (but can be taphonomically 
enhanced by dorsoventral flattening in some specimens) 
(Fig. 1). A low median tubercle is occasionally visible on 
the front of the terminal axial piece.

Among the important characters of the Eccaparadoxides 
pusillus cranidium, the course and position of the lateral 
glabellar furrows S3 and S4 are particularly significant. All 
well-preserved specimens of E. pusillus show that S3 is 
slightly longer (tr.) than S4, with a slightly shallower course 
near the lateral margins of the glabella and thus forming 
an indistinct contact with the axial furrow. S4, in contrast, 
extends to the axial furrows without any associated shal-
lowing so that it is often funnel-shaped laterally (Fig. 1). 
The palpebral lobes are subequal in width except for the 
posterior tips and describe a strongly curved arc, with the 
anterior adaxial portions and the short eye ridges differently 
developed and located. The eye ridges are arranged at dif-
ferent angles in respect to the main axis, and their adaxial 
tips meet the axial furrows at different locations: posterior 
to, directly at, or even slightly anterior to S4.

In addition to the material from Bohemia, the species 
was identified (or tentatively identified) from several other 
regions. However, most of the early reports have later been 
changed, such as the identifications by Brøgger (1878) from 
the Oslo region, Norway (to “Paradoxides rugulosus”) and 
by Grönwall (1902) from the island of Bornholm (to “Para-
doxides rugulosus”). The pygidia from both areas exhibit 
a bifid posterior margin and certainly do not represent E. 
pusillus (see Dies Álvarez et al. 2010: fig. 2C, 2J, 2K). In 
addition, the cranidia associated with these pygidia distinctly 
differ from typical Eccaparadoxides cranidia.

“Paradoxides rugulosus” was also reported from a strati-
graphic interval earlier termed the “Paradoxides rugulosus 
Sandstones” of Comley, Shropshire, UK (Cobbold 1911). 
The available material is imperfectly preserved, but it is dis-
tinctive in that the palpebral lobes are slightly less strongly 
arcuate than in E. pusillus and the anterior cephalic margin 
has relatively low curvature. All other recognisable char-
acters are comparable to those seen in E. pusillus. A well-
preserved pygidium assigned to E. pusillus was figured by 
Cobbold (1911: pl. XIV, fig. 16) and Lake (1935: pl. XXX, 

figs. 11, 11a), with a suboval outline and a relatively broad 
posterior margin with a distinctive indentation. The axis is 
slightly less than half the length of the entire pygidium, and 
a rearward directed pleural fold is visible. In this respect, 
the pygidia more closely resemble those of E. zelus sp. nov. 
from the Delitzsch–Torgau–Doberlug Syncline (see below). 
However, cranidia associated with the pygidia at Comley 
are too poorly preserved to allow a confident assessment 
of their morphology. Additional specimens from Nuneaton, 
UK, assigned to “Paradoxides rugulosus” by Illing (1916) 
are distinctly different, and the cranidia may indeed repre-
sent a species of Centropleura. In addition, pygidia with 
a representative morphology that could be assigned to the 
same species are unknown.

“Paradoxides rugulosus” has also been identified from 
the Siberian Platform, particularly from the lower Mayan 
Chaya Formation in the Maya River and Yudoma River 
areas, Sinsk-Botoma region, and even the Olenek region 
(e.g., Chernysheva 1965; Astashkin et al. 1992). Although 
it has even been used as a regional index fossil for the Ano-
polenus–Paradoxides rugulosus Biozone, the identifica-
tion appears to have been based only on small cranidia. As 
pygidia are unknown, the identification must be challenged.

Specimens from drillhole D IV/1928 of the Del-
itzsch–Torgau–Doberlug Syncline were also described as 
“Paradoxides rugulosus Corda” by Schmidt (1944). Sdzuy 
(1957) regarded this material from northwestern Saxony as 
a species different from Eccaparadoxides pusillus and dealt 
with it as “Paradoxides aff. rugulosus”. He emphasised that 
the specimens from Saxony have a cranidium with shorter 
and less abaxially expanding palpebral lobes and that the 
flanks adjacent to the pygidial axis are convex rather than 
flat. Schmidt’s original figures (1944: pl. 21, figs. 21–26, 
pl. 22, figs. 1–20) do not portray the morphology precisely, 
and Sdzuy (1957) did not figure any specimens. A careful 
re-examination of the material indicates that the specimens 
from the Delitzsch–Torgau–Doberlug Syncline represent a 
species different in pygidial morphology compared with the 
Bohemian specimens of E. pusillus. However, the high mor-
phologic plasticity of E. pusillus cranidia likely means that 
the specimens from Saxony fall more or less into its mor-
phological range. Differences exist in the pygidium, which 
has an outline with curved lateral margins or rounded lateral 
corners and a strong indentation of the posterior margin in 
the newly introduced E. zelus sp. nov. (described in detail 
below under Systematic palaeontology).

A larger number of species must be assigned to the genus 
than suggested by Šnajdr (1957). However, a mosaic of mor-
phological characters usually defines each species in a more 
or less characteristic manner so that several, often variable 
features must be considered in taxonomic work (Figs. 2, 5). 
The following chapters review all species assigned to Ecca-
paradoxides in respect to their characters and systematic 
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affinities. As will be shown in the subsequent sections, a 
considerable morphological plasticity of cranidial characters 
is typical for Eccaparadoxides species, particularly during 
ontogeny. This means that only few cephalic features allow 
a discrimination of Eccaparadoxides from other taxa of the 
Paradoxides s.l. clade. These features include: the length 
and curvature of the palpebral lobes and their continuation 
into the eye ridges; a relatively slender posterior part of the 
glabella; distinctly developed glabellar furrows S3 and S4; 
and an adaxial position of the facial suture. The pygidium is 
somewhat more typical, having an elongated subhexagonal 
outline, a transverse posterior margin and a relatively short 
tapering axis with only one ring clearly marked.

Avalonian taxa

Eccaparadoxides eteminicus—E. eteminicus (Matthew, 
1883) is a species from the Fossil Brook Member of the 
Chamberlain’s Brook Formation in the Avalonian areas 
of New Brunswick and south-eastern Newfoundland. The 
species, best described and figured in Kim et al. (2002), is 
characterised by a glabella with a relatively broad (tr.) ante-
rior portion. S3 is distinctly longer than S4, but S4 fades at 
greater distances from the axial furrow. The palpebral lobes 
are slightly falcate; the pygidium has a subelongate and rela-
tively broad (tr.) outline, with a wider posterior indentation 
and fairly distinct tips and with shallow pleural furrows. The 
species is regarded as showing a considerable morphological 

plasticity, which prompted Matthew (1883) to name a num-
ber of varieties of E. eteminicus based on specimens col-
lected in New Brunswick (i.e., Paradoxides eteminicus var. 
suricoides, P. e. var. breviatus, P. e. var. malicitus, P. e. 
var. quacoensis and P. e. var. pontificalis). The differences 
between them and the type material must be regarded to be a 
result of compaction during diagenesis, tectonic deformation 
or just slightly abnormal morphologies so that all “varie-
ties” are now regarded as having no taxonomic value (Kim 
et al. 2002). However, a possibly different species from New 
Brunswick was described and figured by Kim et al. (2002: 
fig. 9.4–9.11) as E. cf. eteminicus.

Eccaparadoxides acadicus—E. acadicus (Matthew, 1883) 
is another species from the Fossil Brook Member of the 
Chamberlain’s Brook Formation in Avalonian New Brun-
swick and southeastern Newfoundland. The species is best 
known from the review by Kim et al. (2002) and is charac-
terised by a normal-type, pyriform glabellar outline. The 
S3 furrows are longer than S4, and S4 continues to the axial 
furrow in a similar way as in E. pusillus; the palpebral lobes 
are strongly arcuate, with slightly thickened posterior tips; 
the pygidium has a subelongate and relatively broad (tr.) out-
line, with an indistinct, narrow posterior indentation only. In 
addition, the anterior cephalic border shows a considerable 
broadening (exsag.) towards the facial suture. The species 
has also been reported from West Gondwana in the Iberian 
Chains of northern Spain, where it purportedly occurs in an 
interval from the upper part of the Badulesia granieri and 

Fig. 2   Approximate stratigraphic ranges of species assigned to Eccaparadoxides with their pygidial morphology and suggested revised taxon-
omy
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the lowermost part of the Pardailhania hispida biozones 
(Gozalo et al. 2011). However, the known material (Gozalo 
et al. 2011: fig. 6K, 6L) is fairly distorted and cannot be 
unequivocally assigned to the Avalonian species.

Eccaparadoxides lamellatus—E. lamellatus (Hartt in 
Dawson, 1868) also occurs in the Fossil Brook Member 
of the Chamberlain’s Brook Formation in New Brunswick. 
The species is relatively poorly known from a limited 
number of specimens, which are considerably distorted. 
However, its available characters are sufficient to allow a 
taxonomic distinction. The glabella of E. lamellatus has 
a typically pyriform glabellar outline. The S3 furrows are 
longer than S4, and S4 continues to the axial furrow in 
a similar way as in E. pusillus and E. acadicus. The pal-
pebral lobes are relatively strongly arcuate, with slightly 
thickened posterior tips, but they seem to have been 
slightly thicker than those in E. pusillus and E. acadicus. 
The pygidium has a relatively slender subelongate outline 
with a narrow, but distinct posterior indentation, and the 
axis is clearly shorter than half of the pygidial length (Kim 
et al. 2002: fig. 10.7, 10.8).

Paradoxides bennetti—P. bennetti (Salter, 1859) has been 
variously assigned to Eccaparadoxides (e.g., Fletcher 2005, 
2006). It is a species described from southeastern Newfound-
land. It defines the eponymous zone in the lower Chamber-
lain’s Brook Formation in western Avalonia (Fletcher 2006). 
Its pygidium has an elongated subrectangular outline and 
an axis of ca. half the length of the pygidium with a well-
demarcated anterior axial ring and rudimentary indication 
of additional axial rings (e.g., Fletcher 2006: pl. 34, fig. 4). 
It is relatively similar to the pygidium of Eccaparadoxides 
marginatus Dean, 2005, from Anatolia (see below), but also 
resembles some pygidia unassigned to species that were 
tentatively assigned to Acadoparadoxides. The cranidium, 
however, is dissimilar to that of Eccaparadoxides: It has a 
regularly pyriform glabella with subequal S3 and S4. The 
palpebral lobes are moderately long; their posterior tips are 
located distant from the posterior border furrow, and their 
maximum width is in a central position. The eye ridges meet 
the axial furrows posterior to S4. The anterior border is mod-
erately wide, subevenly curved in its medial part, and the 
abaxial tips of the border at the facial suture are more or 
less exactly at the level of the abaxial margins of the palpe-
bral lobes. The species is regarded herein as not referable to 
Eccaparadoxides.

Paradoxides freboldi—P. freboldi Hutchinson, 1962, is 
a large species from the upper part of the Manuels River 
Formation of Avalonian Newfoundland. Hutchinson (1962, 
tab. 1) claimed the species to be from the “P. forchham-
meri Zone,” i.e., the Guzhangian, but Hutchinson (1962: 

117) states that the species “is in the uppermost beds of 
the davidis zone, and the post-davidis beds.” In fact, the 
species appears to have been found only in the Paradoxides 
davidis Zone of the upper Drumian and was never confirmed 
to occur in post-davidis Zone strata, i.e., above the Manuels 
River Formation. The cranidium of the species has typical 
Eccaparadoxides characters in its glabella and the relatively 
adaxial position of the anterior facial suture. The glabella 
tends to show a slightly “triangular” outline of the frontal 
lobe with slightly less curved anterolateral margins. The pal-
pebral lobes, however, have only a moderate curvature, are 
comparatively broad (tr.) in large individuals and relatively 
short, with their anterior tips at the mid-level of L4, and 
the eye ridges are steeply anteriorly directed. The anterior 
cranidial border is clearly elevated and convex in exsagittal 
and sagittal profile.

Hutchinson (1962: pl. XXIII, figs. 9, 10) figured two 
incomplete pygidia of different size, both showing a pair of 
distinct, posteriorly directed posterolateral spines relatively 
close to each other. Due the different outlines, Hutchinson 
(1962) distinguished between a broad and a narrow form, 
but we interpret the differences as a function of allometric 
growth. The axis with only one well-defined ring occupies 
ca. 60 percent of the pygidial maximum length. The lateral 
margin expands from the anterolateral corners in an almost 
straight course and reaches its maximum width slightly 
posterior to midlength. Although this morphology with a 
fairly long axis and a trail-type elongate posterior end of 
the pygidium with two extended spines is not typical for 
Eccaparadoxides, the species may be assigned to the genus 
and is then the youngest known to date.

Paradoxides decorus—P. decorus Billings, 1874, is rarely 
mentioned and was tentatively assigned to Eccaparadox-
ides (e.g., Sdzuy 1961). This Avalonian species from Trinity 
Bay, Newfoundland, is known only from Billings’ cranidia, 
which do not show typical characters of Eccaparadoxides. 
The species is probably based on somewhat differently pre-
served cranidia of P. tenellus Billings, 1874, and must thus 
be regarded as doubtful.

Paradoxides hicksii—P. hicksii Salter in Salter and Hicks, 
1869, another Avalonian species, was originally described 
from the Whitesands Bay Formation of Caerfai Bay, South 
Wales, and is known from Porth-y-raw, South Wales. 
It defines the eponymous zone in the successions (upper 
Chamberlain’s Brook Formation) of southeastern New-
foundland. The species has been occasionally assigned to 
Eccaparadoxides and designated the type species of a new 
subgenus of Paradoxides termed Mawddachites by Fletcher 
(2007). The species is characterised by a cranidium with a 
strongly forwardly expanding glabella, an anterior border 
which is extremely narrow on the sagittal line and swings 
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conspicuously rearward towards the facial suture. The pygid-
ium has a subcircular outline with a curved posterior margin. 
Mawddachites was elevated to genus level by Dies Álva-
rez et al. (2010), who also tentatively assigned the “true” 
topotypic Swedish P. brachyrhachis (Linnarsson, 1883) to 
Mawddachites.

A number of specimens from other regions were assigned 
to “Paradoxides hicksii” or “Plutonides hicksii”, but all 
non-Avalonian specimens are distinguished from the typi-
cal Avalonian specimens by characters that exclude a close 
relationship so that these specimens are not regarded as 
representing species of Eccaparadoxides. Such specimens 
assigned to hicksii have been previously identified from 
the Siberian Platform and this “P. hicksii” was used as an 
index fossil for the upper Amgan “P. hicksi Biozone” (e.g., 
Chernysheva 1953, 1965), now termed the Tomagnostus 
fissus/Paradoxides sacheri Biozone. Westergård (1953) 
reported “Paradoxides hicksii” from the Tomagnostus fis-
sus–Ptychagnostus atavus Zone of Scania and Bornholm, 
but the specimens were not figured by him, and it remains 
uncertain whether he had previously figured specimens from 
other studies in mind.

Nevertheless, Berg-Madsen (1985) mentioned Hydro-
cephalus hicksi (sic) from the Lower Alum Shale of Born-
holm, obviously from lower lenses of the Tomagnostus fis-
sus–Ptychagnostus atavus Zone noted by Grönwall (1902). 
As explained in Berg-Madsen (1985), Grönwall (1902) had 
listed (but not figured) two forms, “Paradoxides Hicksii (var. 
palpebrosa)” from the Exsulans Limestone (which refers to 
Linnarsson’s 1879 Paradoxides palpebrosus from the Exsu-
lans Limestone of Sweden) and “P. Hicksii” from the low-
ermost presumed limestone lenses of the Alum Shale, both 
apparently based on a single specimen. However, Grönwall 
(1902) mixed the two forms in his descriptions and his list. 
A re-study of Grönwall’s specimens in the collection at the 
Geological Museum in Copenhagen, Denmark, indicated 
that the material is from an anthraconite horizon and occurs 
with Hypagnostus parvifrons and Ptychagnostus punctuo-
sus, indicating that the specimens appar to be redeposited 
(Berg-Madsen 1985).

However, Weidner and Nielsen (2014) reported a diverse 
fauna from the Ptychagnostus atavus Zone of Øleå on Born-
holm, in which they identified Mawddachites hicksii based 
on a single incomplete cranidium. This cranidium indeed 
appears to match all characters known from the cranidia of 
the Avalonian specimens. However, the reliability of the 
Bornholm identification suffers from the absence of pygidia.

Szabad and Valíček (1997) reported “Plutonides sp. 
A” from the middle part of the Eccaparadoxides pusillus 
Zone of Bohemia, which Vaněk et al. (1999) redescribed as 
“Plutonides hicksi” (his generic assignment and spelling). 
Shortly before, Kordule (1999) proposed the new species 
Eccaparadoxides kozaki, which Vaněk et al. (1999) placed 

into synonymy with “Plutonides hicksi”. We concur that the 
Bohemian specimens represent a species which should be 
placed under Mawddachites rather than Eccaparadoxides, 
but the species is distinctive from M. hicksii as discussed 
below.

Eccaparadoxides harknessi—E. harknessi (Hicks, 1871) 
occurs in the Solva Beds of the St. David’s region, South 
Wales. The species was based on imperfectly preserved 
cranidia. Its pygidium. however, is unknown. The only 
specimen with distinctive characters (Hicks 1871: pl. XV, 
fig. 9; Lake 1935: pl. XVII, fig. 3) has a pyriform glabella 
with a relatively broad posterior portion with subparallel 
lateral margins, faint and nearly unrecognisable S3 and S4, 
and moderately arcuate palpebral lobes of moderate width. 
The facial sutures are developed in a way that the abaxial 
tips of the anterior border are located almost anterior to the 
abaxial margins of the palpebral lobes. This configuration 
is not typical for Eccaparadoxides and may indicate that 
the species is more correctly assignedto Acadoparadoxides, 
Baltoparadoxides or Plutonides. Given the similarities with 
Plutonides sedgwicki (Hicks, 1871) (except for the much 
shorter palpebral lobes) that occurs in the same strata of 
this area, a tentative assignment to Plutonides appears to be 
more suitable.

Taxa from the Mediterranean/Cadomian 
sector and Morocco, West Gondwana

Numerous West Gondwanan species of Eccaparadoxides 
have been described, mostly from Iberia and the Mon-
tagne Noire range in southern France. Additional species 
are known from Sardinia and the Saxothuringian Belt in 
Germany. A new species from core material of the Del-
itzsch–Torgau–Doberlug Syncline, Saxony, Eccaparadox-
ides zelus sp. nov., is described below under Systematic 
palaeontology. Specimens tentatively assigned Eccapara-
doxides from the Triebenreuth Formation of the Franconian 
Forest region, northeastern Bavaria, are too poorly preserved 
to permit a characterisation of a species (Geyer, unpubl. 
data).

Eccaparadoxides epimetheus sp. nov. is a common spe-
cies in the Wuliuan–Drumian boundary interval of the west-
ern Anti-Atlas, southern Morocco. Eccaparadoxides? hestia 
sp. nov. is a stratigraphically significant species from the 
upper Wuliuan of the High Atlas, southern Morocco. Both 
are described below under Systematic palaeontology.

Eccaparadoxides pradoanus—E. pradoanus (Verneuil and 
Barrande in Prado et al., 1860) is recorded from the Oville 
Formation of the Cantabrian Mountains and the upper part 
of the Murero Formation in the Iberian Chains, northeastern 
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Spain (from the Solenopleuropsis ribeiroi to Solenopleurop-
sis thorali biozones). A study by Esteve (2014) documented 
an enormous morphological plasticity of the species, but 
also raised the question how tectonically distorted speci-
mens of species can be confidently discriminated. It also 
confirmed the obvious requirement that only corresponding 
growth stages should be compared. Adult specimens of E. 
pradoanus are characterised by a relatively slender pyriform 
glabella, S3 being slightly longer than S4, and S4 continuing 
to the axial furrow, but without a distinct development later-
ally. The palpebral lobes are moderately arcuate, moderately 
wide (tr.) and shorter than in most other species of the genus; 
the eye ridges meet the axial furrows posterior to S4. The 
pygidium has a decidedly slender outline with a narrow, but 
distinct posterior indentation, and the length of the axis is 
only ca. one-third of the pygidial length.

Eccaparadoxides mediterraneus—E. mediterraneus 
(Pompeckj, 1901) has been commonly regarded as a wide-
spread West Gondwanan species recorded from the lower 
Cabitza Formation, southwest Sardinia, Italy (Pompeckj 
1901); the Oville Formation of the Cantabrian Mountains 
(Sdzuy 1961) and the upper part of the Murero Formation 
and the Borobia Formation in northern Spain (e.g., Sdzuy 
1961; Gil-Cid 1970; Liñán and Gozalo 1986; Esteve 2014); 
the Zafra tectonostratigraphic unit, Ossa-Morena Zone, 
southern Spain (e.g., Gil-Cid 1982); and the Coulouma 
Formation of the Montagne Noire, southern France (Cour-
tessole 1973).

Unfortunately, the type material of Pompeckj (1901) does 
not allow a precise identification of the species. The original 
specimens seem to have been damaged or lost. Pompeckj 
(1901: pl. I, figs. 1–3) illustrated three specimens, none 
of which shows a dorsal view of the cranidium. Pompeckj 
(1901: pl. I, fig. 1) figured the posterior part of the thorax 
with the attached pygidium, which is relatively broad. The 
posterior pygidial margin is distinctly wider than in any of 
the subsequently described pygidia from Sardinia assigned 
to Paradoxides/Eccaparadoxides mediterraneus. Pompeckj 
(1901: pl. I, fig. 3) also illustrated a nearly complete cara-
pace in dorsal view, but with large exfoliated areas, which 
means only the ventral cast is preserved. The cranidium is 
also largely removed and now exhibits the cast of a ven-
trally positioned hypostome. The specimen shows a very 
slender, almost spindle-shaped pygidium, which has become 
an iconic feature for the species. It also has a crack along the 
longitudinal axis of the cranidium and was affected by lateral 
compression. Therefore, the morphology of this specimen is 
of little taxonomic significance. Consequently, the precise 
morphology of the cranidium and the P./E. mediterraneus 
species sensu Pompeckj (1901) cannot be recognised with 
certainty. Unfortunately, this specimen was selected as the 
lectotype by Dies Álvarez et al. (2010), but it is inadequate 

to confidently characterise the species and identify other 
specimens from Sardinia, Spain or France. Consequently, 
the species should be restricted to the holotype. A number 
of fairly well-preserved, albeit notably distorted specimens 
from the Cabitza Formation were figured in Dies Álvarez 
et al. (2010) but seem to show morphological details not 
visible in the type material of E. mediterraneus and should 
be regarded as a distinctive new species.

This so-called “Eccaparadoxides mediterraneus” from 
the Iberian Chains has been the basis of morphologic stud-
ies by Esteve (2014) and shown to have a close similarity to 
E. pradoanus. Esteve (2014) showed that typical pradoanus-
type pygidia with a very slender outline and a short axis 
of no more than one-quarter of the pygidial length and a 
very short (tr.) clipped posterior margin occur in small indi-
viduals. By comparison, mediterraneus-type pygidia with 
a more subovate outline, a longer pygidial axis and a bifid 
posterior pygidial margin are found only in large specimens. 
No transitional forms have been figured, and the data for 
the measured samples appear to indicate a gap for this size 
range (e.g., Esteve 2014: fig. 20A) so that the taxonomy of 
this mediterraneus cluster remains uncertain.

Eccaparadoxides asturianus—E. asturianus (Sdzuy, 1968) 
has been described from the Oville Formation of the Can-
tabrian Mountains, Asturia, northern Spain, where it occurs 
in the boundary interval of the “Acadolenus” to “Badule-
sia n. sp.” biozones sensu Sdzuy (1968). This interval was 
later assigned to the E. asturianus Biozone that defines 
the upper part of the Leonian Stage of the Iberian regional 
chronostratigraphy (Sdzuy et al. 1999). This occurrence in 

Fig. 3   Eccaparadoxides asturianus (Sdzuy, 1968). Holotype, SMF 
24007a, partial pygidium, dorsal view. From Oville Formation, 
Sebares A section, Cantabrian Mountains, northern Spain. Note 
faintly bifid palpebral lobe. Scale bar 5 mm
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sub-Badulesia tenera strata means that it ranks among the 
older species of Eccaparadoxides. The species has been sub-
sequently reported from the Mansilla Formation of the Ibe-
rian Chains, where it is supposed to range upward through 
the Badulesia tenera and Badulesia granieri biozones into 
the base of the Pardailhania hispida Biozone (Gozalo et al. 
2011). However, the material remains limited, and the mor-
phological variation of the cranidium is unknown.

The holotype and only well-preserved cranidium (Fig. 3) 
has a relatively broadly pyriform glabella, with S4 reach-
ing almost to the axial furrows. The palpebral lobes are 
comparatively broad (tr.), slightly drop-shaped, and com-
paratively weakly arched, with their anterior parts almost 
straight and developing into narrow eye ridges that meet 
the axial furrows at or slightly anterior to S4. The anterior 
border is moderately broad laterally and stretches almost to 
the abaxial margins of the palpebral lobes. The pygidium has 
a broadly subhexagonal outline similar to that of E. pusillus 
or E. acadicus, but with a truncate posterior margin and a 
pygidial axis with a subtriangular outline and is less than 
half the length of the pygidium.

Eccaparadoxides sdzuyi—E. sdzuyi (Liñán-Guijarro, 
1978) was first described as Paradoxides (Eccaparadox-
ides) sdzuyus by Liñán-Guijarro (1978) based on material 
from the Los Villares Formation of the Sierra de Córdoba, 
southern Spain. Although this original name is etymologi-
cally problematical, it does not violate the nomenclatural 
rules and thus claims priority over the younger designation 
E. sdzuyi Liñán, 1984 so that this subsequent description 
is obviously a junior synonym.

Cranidia from the Sierra de Córdoba are reported as 
occurring relatively frequently, but only one incomplete 
pygidium was present in the type lot. This was figured 
only as a line-drawing by Liñán-Guijarro (1978: fig. 43) 
that shows a semi-elliptical outline and a large axis of 
ca. three-quarters the length of the pygidium. Although 
the cranidia are also not well-preserved, it is clear that 
they are characterised by a regularly pyriform glabella of 
moderate width; S3 being distinctly longer than S4, which 
approaches the axial furrow; long, slender and distinctly 
arcuate palpebral lobes, which meet the axial furrows at or 
slightly posterior to S4; and a moderately broad anterior 
border. Noteworthy is a distinct network of caecal venation 
that covers the fixigenae.

The species was refigured in Gozalo et al. (2008: pl. 2.7, 
2.8) with two specimens coming from the Iberian Chains of 
northern Spain, where it is reported from the Valdemiedes 
and the Mansilla formations (see Liñán et al. 2004; Gozalo 
et al. 2008). Gozalo et al. (2008: pl. 2.7, 2.8) show a slightly 
distorted pygidium assigned to Eccaparadoxides sdzuyi 
which appears to be similar to the line drawing in Liñán-
Guijarro (1978: fig. 43), but now shows that the posterior 

pygidial margin has a slightly convex curvature, and the axis 
(including a slight posterior raise) occupies more than two-
thirds of the pygidial length. This type of pygidium is utterly 
atypical for Eccaparadoxides and much more reminiscent of 
species of Hydrocephalus. The cranidium figured in Gozalo 
et al. (2008: pl. 2.7), also from the Iberian Chains, has a 
moderate size and is characterised by distinctly broader pal-
pebral lobes and narrower fixigenae (tr.) than those from the 
Sierra de Córdoba in Liñán-Guijarro (1978).

The assumed occurrences of Eccaparadoxides sdzuyi in 
the Valdemiedes and Mansilla formations have been used to 
define an Eccaparadoxides sdzuyi Biozone in the biostrati-
graphic scheme of the Iberian Peninsula, corresponding 
to the regional Middle Leonian Stage (= middle Agdzian/
middle Wuliuan). This would make E. sdzuyi the oldest 
known Eccaparadoxides. Sdzuy et al. (1999) showed an 
exceptionally long range of the species, from the base of the 
eponymous zone across the purported mid-Leonian regres-
sion interval up almost to the top of the Eccaparadoxides 
asturianus Biozone or even the Badulesia tenera Biozone 
(Gozalo et al. 2011). However, illustrations of the species 
and its morphologic variation through this long stratigraphic 
range are not available, and the species must be considered 
inadequately known and poorly defined through this range.

Eccaparadoxides rouvillei—E. rouvillei (Miquel, 1905) is 
easily distinguished from all species except the problematic 
E. sdzuyi by its conspicuous caecal network that covers the 
fixigenae. The species is further characterised by very large, 
strongly arcuate and relatively narrow palpebral lobes, which 
approach the axial furrows opposite S4. The glabella has a 
typical pyriform outline and a moderate width across the 
posterior part; S4 reaches the axial furrow and produces a 
small embayment. The typical pygidia of E. rouvillei from 
the Montagne Noire (see Courtessole 1973) are roughly oval 
to subhexagonal in outline, with gently curved posterolat-
eral “corners” and a low convex curvature of the posterior 
margin, quite unlike typical Eccaparadoxides species. The 
pygidial axis tapers considerably rearward and has a dis-
tinctly defined anterior ring and a second ring which is only 
marked by laterally developed furrows. Most pygidia known 
from Spain show small differences with the pygidia from the 
Montagne Noire assemblages (see Fig. 5).

The species occurs in the Pardailhania hispida and P. 
multispinosa biozones of the Cabos “Series” of Asturia in 
the West Asturia–Leonese Zone (Sdzuy 1968), the Murero 
Formation in the Iberian Chains (Chirivella Martorell 2008; 
Gozalo et al. 2011) and the Coulouma Formation of the 
Montagne Noire (Courtessole 1973).

Eccaparadoxides sequeirosi—E. sequeirosi Liñán and 
Gozalo, 1986, is known from the Murero Formation of 
the Iberian Chains, northern Spain. It occurs in the upper 
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Badulesia granieri Biozone and ranges through the Pardai-
lhania hispida and Pardailhania multispinosa up into the 
Pardailhania sdzuyi biozones (Chirivella Martorell 2008; 
Gozalo et al. 2011). The species is known from a number of 
specimens, but almost all are considerably distorted so that 
a precise assessment of its morphology is difficult.

Large cranidia are characterised by large, broad glabellas, 
which are probably the widest in the genus Eccaparadoxides 
in relation to the cranidial width. The palpebral lobes are 
strongly arcuate and relatively slender. The eye ridges meet 
the axial furrows at or slightly posterior to S4. All known 
pygidia are laterally compressed so that they have a longitu-
dinally elongate outline with more or less uniformly curved 
lateral margins and a barely recognisable, narrow, slightly 
truncated posterior margin. The pygidial axis stretches over 
half the pygidial length or more. These characters suggest 
that E. sequeirosi belongs to a morphological cluster char-
acterised by E. pradoanus and the species presently termed 
“E. mediterraneus.”

Eccaparadoxides sulcatus—E. sulcatus (Liñán and Gozalo, 
1986) is a little known and obviously rare species that is 
reported from the E. asturianus, Badulesia tenera and B. 
granieri biozones of the Mansilla Formation in the Iberian 
Chains, northern Spain. It has been collected from a rela-
tively restricted stratigraphic interval (Liñán and Gozalo 
1986; Chirivella Martorell 2008; Gozalo et al. 2011). Its 
cranidium is characterised by a glabella with an outline that 
is relatively weakly constricted rearwards. The palpebral 
lobes are moderately arcuate and moderately thick (tr.), with 
slightly broader anterior and posterior tips. The eye ridges 
meet the axial furrows slightly posterior to S4. The anterior 
border broadens considerably towards the facial suture, and 
the intersection of the anterior border and facial suture lies 
approximately equally distant from the sagittal line as the 
abaxial parts of the palpebral lobes. The pygidium is poorly 
known. The only figured pygidium with recognisable mor-
phological characters (Liñán and Gozalo 1986: pl. 12, fig. 4) 
has a subcircular outline with a gently rounded posterior 
margin. The pygidial axis is ca. half the pygidial length and 
seems to have at least two defined axial rings. These char-
acters are more typical for Acadoparadoxides-assigned spe-
cies, and the species cannot be assigned to Eccaparadoxides.

“Eccaparadoxides brachyrhachis”—The description of 
Paradoxides brachyrhachis by Linnarsson (1883) marks 
the start of the biostratigraphic framework of Paradoxides 
species. The species was originally described from the Alum 
Shale Formation of Andrarum, Scania, southern Sweden. It 
is reported from numerous localities in Spain (e.g., Sdzuy 
1961; Liñán and Gozalo 1986), particularly in the Soleno-
pleuropsis marginata and S. thorali biozones in the Acón 
Group of the Iberian Chains. It has also been identified from 

the Montagne Noire, southern France (Courtessole 1973; 
often spelled “brachyrachis” in that report). It has been 
used as a prime example for suggested sexual dimorphism 
in paradoxidine trilobites (Gozalo et al. 2003).

A revision of the species by Dies Álvarez et al. (2010) 
sheds new light on the species. The authors restricted the 
species to a few incomplete cranidia, a partial thorax and two 
incomplete pygidia. The subtrapezoidal outline of the cran-
idium, the nearly uniformly broadening glabella and the flat 
anterior border, as well as several other cranidial characters, 
the subelliptical pygidium with an axis ca. half the pygidial 
length and perhaps a curved posterior border suggest that 
the species cannot be assigned to Eccaparadoxides. Dies 
Álvarez et al. (2010) tentatively placed the species under 
Mawddachites.

Consequently, Sdzuy’s (1961) assumption that brachy-
rhachis and mediterraneus had the same type of cepha-
lon and could only be distinguished by the shape of the 
pygidium is erroneous. Based on their results, Dies Álva-
rez et al. (2010) suggested that all specimens identified 
from Iberia and the Montagne Noire as E. brachyrhachis 
belong to E. mediterraneus (see discussion above). How-
ever, unravelling the taxonomic problems is not simple: 
some of the pygidia from these reports do not fall into the 
morphological range suggested in the morphometric study 
by Esteve (2014). In addition, a number of the specimens 
from Iberia that were earlier assigned to brachyrhachis 
cannot be grouped into a single species.

As an example, the relatively common paradoxidine 
specimens from the Caesaraugustan/Drumian of the Lán-
cara Formation in the Cantabrian Mountains mostly differ 
from the so-called Eccaparadoxides brachyrhachis speci-
mens from the Iberian Chains (e.g., Sdzuy 1961: pl. 20, 
figs. 1, 14, pl. 21, figs. 3–6, 9). However, some specimens 
from the Iberian Chains actually do represent this species 
(e.g., Sdzuy 1961: pl. 21, fig. 8), but differ distinctly from 
the so-called E. mediterraneus specimens from that region. 
The name E. brachyrhachis was subsequently listed for 
specimens from the Cantabrian Mountains without speci-
mens being figured. Figure 4 shows that a distinctive, 
seemingly new species from the lower and middle Cae-
saraugustan/lower Drumian is recorded by specimens of 
the Porma dam section in the Cantabrian Mountains that 
were referred to as E. brachyrhachis. It has a cranidial 
morphology, which strikingly differs from the true Scan-
dinavian Mawddachites brachyrhachis, but also from the 
E. brachyrhachis-type, so-called E. mediterraneus cranidia 
described from the Iberian Chains (e.g., Sdzuy 1961: pl. 
21, figs. 10–12; Dies Álvarez et al. 2010: fig. 4A–D). The 
glabella is regularly pyriform, with the transverse width 
across L1 not larger than the transverse width across the 
occipital ring. The anterior part of the glabella is consider-
ably wider than the occipital ring and its anterior margin 
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tends to develop a slight wedge shape after mild diage-
netic compaction and/or tectonic distortion (Fig. 4d, e). 
The anterior border has a relatively distinct curvature at 
the sagittal axis, whereas the anterolateral parts are nearly 
straight, but increase in exsagittal width towards the facial 

suture. The sagittal and exsagittal profiles of the anterior 
border indicate a distinct convexity in small/young speci-
mens (Fig. 4f) but it develops into an almost flat, bar-like 
profile in large individuals (Fig. 4e). The species has rela-
tively narrow fixigenae.

Fig. 4   Eccaparadoxides sp. nov. a MMUW 2021-I-067, partial cra-
nidium, internal mould; b MMUW 2021-I-068, partial cranidium, 
internal mould; c MMUW 2021-I-069, incomplete librigena, internal 
mould; d MMUW 2021-I-070, incomplete cranidium, internal mould; 
e MMUW 2021-I-071, cranidium, electronically inversed photo of 
internal mould; f, i MMUW 2021-I-072, small cranidium, dorsal 

and oblique anterior views; g MMUW 2021-I-073, incomplete large 
hypostome, exterior with terrace lines; h MMUW 2021-I-074, partial 
pygidium, silicon rubber cast of internal mould. All specimens from 
Láncara Formation of the Porma dam section, Cantabrian Mountains, 
a, c–h from Badulesia granieri Biozone, b from Pardailhania hispida 
Biozone. Dorsal view unless otherwise stated. Scale bars equal 5 mm
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The most striking characters of the cranidium are related 
to the morphology of the palpebral lobes. These are dis-
tinctly drop-shaped in large specimens, with strongly 
reduced anterior ends merging into narrow and obliquely 
directed eye ridges. In addition, a distinct furrow subdivides 
the adaxial and abaxial parts of the palpebral lobe (Fig. 4d, 
e). Small individuals have palpebral lobes of subequal 
width with a clear transverse convexity and therefore lack 
the median furrow (Fig. 4f). The intersection of the anterior 
border with the facial suture lies adaxially to the adaxial 
margin of the palpebral lobe and at its midlength in small 
individuals. In large specimens, the intersection lies in the 
middle part of the palpebral lobe or slightly more abaxially, 
but never beyond the abaxial margin of the circumocular 
suture as in the E. brachyrhachis-type species from the Ibe-
rian Chains (see Dies Álvarez et al. 2010: fig. 4C, D).

No completely preserved pygidia are known from the 
Porma dam section, but well-preserved and complete pygidia 
were illustrated by Sdzuy (1961: pl. 21, figs. 3–6, 9) from 
the Los Barrios de Luna section in the Cantabrian Moun-
tains. They include large sclerites with a short, triangular 
axis with one axial ring defined by a transglabellar furrow 
and a second ring indicated by short lateral furrows or a 
continuous transverse furrow (Fig. 4h). The maximum width 
is located posterior to the tip of the axis at about midlength 
of the pygidium. The anterior parts of the pleural fields in 
the Porma dam species show weak oblique pleural furrows, 
which are more faintly developed in the Barrios de Luna 
specimens. The posterior part is long and extends into a pair 
of long spines separated by a space between them with the 
outline of an inverted “U”. The doublure is very long and 
reaches forward almost to the axis.

Paradoxides barrandei—P. barrandei Barrois, 1882, 
reported from the Cantabrian Mountains of north-western 
Spain (Barrois 1882: pl. IV, fig. 1) and subsequently men-
tioned as occurring in the Iberian Chains (Sdzuy 1958), is 
an unrecognisable species which was tentatively assigned to 
Eccaparadoxides by Šnajdr (1957). A specimen figured as 
Paradoxides barrandei in Sampelayo (1935: pl. 16, fig. 1) 
obviously represents a specimen of Eccaparadoxides insu-
laris sensu Dies Álvarez et al. (2010).

Eccaparadoxides melaguesensis—E. melaguesensis (Tho-
ral, 1935) was introduced as a variety of E. mediterraneus 
based on material from the Solenopleuropsis miqueli–Sole-
nopleuropsis ribeiroi-bearing horizons. It ranges into the 
Solenopleuropsis verdiagana Zone of the Coulouma Forma-
tion in the Montagne Noire (Courtessole 1973). The species 
is also reported from the Solenopleuropsis marginata and S. 
thorali biozones in the Acón Group of the Iberian Chains. 
Eccaparadoxides melaguesensis is primarily characterised 
by a unique outline of its pygidium, which consists of an 

anterior part with a subelliptical outline that passes into a 
narrow posterior train with a bifid posterior margin. The 
posterior tapering causes concave lateral margins in the pos-
terior third. In addition, the axis, which is slightly less than 
half of the pygidial length, has several posteriorly narrowing 
axial rings. It should be noted that Courtessole (1973: pl. V, 
fig. 8) figured a pygidium which we assign in this report to 
E. melaguesensis. This pygidium has a somewhat broadened 
posterior train and a comparatively wide terminal bifurca-
tion that Courtessole (1973) referred to E. brachyrhachis 
(“brachyrachis”).

Eccaparadoxides (Macrocerca) macrocercus—E. (M.) 
macrocercus (Courtessole, 1967) can be regarded as phylo-
genetically derived from E. melaguesensis, with change in 
the pygidial morphology. Its pygidium has a slender spatu-
late outline with the widest portion approximately at one-
third of its sagittal length from the front and its posterior end 
developed into a narrow furca with a fairly long, obliquely 
backward-directed spine. The pygidial axis is shorter than 
one quarter of the total pygidial length and has only one 
well-demarcated axial ring. The cranidium of E. macrocer-
cus has a relatively broad pyriform glabella with subparallel 
posterior lateral margins and S4 confluent with the axial fur-
rows, but without distinctive incisions. The palpebral lobes 
are strikingly wide, almost as broad as the relatively small 
fixigenae and the eye ridges meet the axial furrows posterior 
to S4. Most important, however, is the anterior border with 
its slightly curved posterior margin and the abaxial position 
of the facial suture that allows the anterior border to extend 
beyond the exsagittal level of the abaxial margins of the 
palpebral lobes.

The species has a short range in strata with Conocoryphe 
ferralsensis and Bailiaspis griffei (H1 level) of the La Gardie 
Formation, Barroubio Group, of the Montagne Noire and is 
one of the youngest species assigned to Eccaparadoxides. 
However, the species’ pygidial morphology and the course 
of the facial suture are so different from those of E. pusillus 
that assignment to Eccaparadoxides is questionable. Courte-
ssole et al. (1988) termed the species E. (Macrocerca) mac-
rocercus. The subgenus Macrocerca is therefore available 
and could be raised to genus level.

Eccaparadoxides (Macrocerca) garriguensis—E. (M.) 
garriguensis Pillet, 1988, is another short-ranged spe-
cies from the La Gardie Formation of the Barroubio 
Group of the Montagne Noire. It occurs in strata with 
Dorypyge vizcaïnoi immediately above the range of E. 
macrocercus range (H2 level of Courtessole 1973; see 
Pillet in Courtessole et al. 1988; Álvaro et al. 1998). The 
species has a pygidium comparable to that of macrocer-
cus with a conspicuously extended and slender posterior 
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section. The cranidium has a facial suture that inter-
sects the anterior border abaxial to the ocular suture. 
Two pygidia found in the same strata (Courtessole et al. 
1988: pl. 3, figs. 8, 11) are characterised by an even 
longer, beak-like posterior section and probably belong 
to a different, undescribed species consistent with the 
Macrocerca-like morphology and emphasises the differ-
ences to Eccaparadoxides.

Eccaparadoxides granulosus—E. granulosus (Courtes-
sole, 1967) comes from the Solenopleuropsis rouayrouxi 
Biozone (E level of Courtessole 1973) of the Coulouma 
Formation in the Montagne Noire. Its cranidium has a 
morphology almost without any distinctive characters, 
with a relatively broad pyriform glabella with subparal-
lel posterior margins. S4 is confluent with the axial fur-
rows. The palpebral lobes are moderately broad to fairly 
wide; the eye ridges meet the axial furrows immediately 
posterior to S4. The name refers to a unique prosopon 
of small granules that cover the external surface of the 
cuticle. Unfortunately, the species is based on a single 
cranidium and no pygidium can be confidently assigned 
to the species. Consequently, the generic affinity of the 
species remains uncertain.

“Eccaparadoxides pusillus ?”—Cavet et  al. (1967) 
described numerous specimens of an Eccaparadoxides 
from the Miaolingian of the remarkable outcrop near 
Cléré-sur-Layon, Maine-et-Loire Departement, western 
France. This represents the only known occurrence of par-
adoxidines in the Armorican Massif. Unfortunately, the 
preservation of the available, usually fragmentary scler-
ites is poor. Nevertheless, the shape and dimensions of the 
glabella, the pattern of the glabellar furrows, the shape 
and dimensions of the anterior border, and the size and 
transverse thickness of the palpebral lobes in some of the 
specimens closely resemble those seen in E. pusillus and 
the similar E. zelus sp. nov. (described below under Sys-
tematic palaeontology). However, significant differences 
exist in other characters (compare specimens in Cavet et al. 
1967: pl. XXII, figs. 1, 2, 3 and pl. XXIII, fig. 2 with those 
in pl. XXIII, figs. 5, 7, 8).

The only figured pygidium has a subcircular outline and a 
long axis of more than three-quarters of the pygidial length 
and with two more or less well defined axial rings. It is more 
reminiscent of that of Eccaparadoxides rouvillei and very 
unlike that of the E. pusillus group (see discussion below). 
Based on the differences in the characters seen in the cran-
idia, it should be considered whether two or more species are 
lumped under “Eccaparadoxides pusillus ?” by Cavet et al. 
(1967). Accordingly, the pygidium possibly does not belong 
to the E. pusillus-type cranidia illustrated in that article.

Additional taxa from the Perunica sector 
of West Gondwana

Eccaparadoxides oppanol—E. oppanol Šnajdr, 1978, is a 
rare species known from the upper part of the Eccapara-
doxides pusillus Zone of the Jince Formation in Bohemia. 
Its cranidium is superficially similar to that of E. pusil-
lus, nevertheless is clearly different. It is characterised by 
a relatively slender pear-shaped glabella with relatively 
shallow S3 and S4. The palpebral lobes are moderately 
long and do not reach to the posterior border furrow—a 
character that distinguishes it from all other true species 
of Eccaparadoxides. Similar features are developed in E. 
kozaki, which is tentatively placed under Mawddachites 
(see below). The palpebral lobes tend to slightly widen 
(tr.) rearward, and its posterior tips are distinctly more 
abaxially located than the anterior tips. The anterior bor-
der is narrow and has a convex exsagittal profile even at 
the facial suture.

The pygidium is not well known. It seems to have a 
broadly subhexagonal outline, but is relatively broad ante-
riorly. Its posterior margin is moderately wide and not 
extended into distinct spines, as so far known. The species 
has been assigned to Mawddachites but that genus (or sub-
genus) is still poorly defined, and its type species, M. hicksii, 
differs in having distinctly different glabella and anterior 
cranidial border.

Eccaparadoxides rohanovicus—E. rohanovicus Šnajdr, 
1986, is another species from the Bohemicum, known 
from the upper part of the Eccaparadoxides pusil-
lus Assemblage Zone in the Buchava Formation of the 
Skryje–Týřovice Basin. The species is morphologically 
similar to E. pusillus and has been frequently confused 
with it.

The cranidium is pear-shaped and relatively slender, but 
expands more strongly from S1 forward than in E. pusil-
lus. The lateral glabellar furrows S3 and S4 are compara-
tively developed to those in specimens of E. pusillus, with 
S3 longer (tr.) than S4, with a slightly shallower course 
near the lateral margins of the glabella and thus shows a 
weakly defined contact with the axial furrow. S4 proceeds 
to the axial furrows without any decrease in depth, and 
often shows a slight funnel-shaped outline laterally. The 
palpebral lobes are subequal in width (except for the pos-
terior tips) and strongly arcuate, with their anterior adaxial 
portions and the short eye ridges developed differently. 
The pygidia have a subelongate to subhexagonal outline as 
those of E. pusillus. However, they differ from the pygidia 
of E. pusillus as the posterior margin is subtruncate and 
shows a very shallow indentation without distinct lateral 
spines. The pygidial axis is relatively short and only half 



Eccaparadoxides (Cambrian, Trilobita) and its biostratigraphic significance

1 3

the length of the pygidium or less. Šnajdr (1986) accentu-
ated that the surface of the cuticle is covered with granules 
and wavy terrace ridges, unlike those of E. pusillus. The 
only other species with a distinct granulation is the oth-
erwise different E. granulosus from the Montagne Noire. 
However, Esteve (2014) emphasised that differences in the 
prosopon are not a reliable taxonomic character.

Eccaparadoxides kozaki—E. kozaki Kordule, 1999, has 
a glabella which rapidly expands from S1 forward; it has 
a slightly unusual outline derived from the common pear 
shape and is relatively broad. The palpebral lobes are rela-
tively short; their posterior ends are distant from the pos-
terior border furrow. The eye ridges meet the axial furrow 
just posterior to S4. A unique development is seen in the 
anterior border, which is thin and thread-like on the sagit-
tal line and directed strongly posteriorly from there, which 
results in extremely short anterior branches of the facial 
suture—a character unknown in any other Eccaparadoxides 
species.

The pygidium of E. kozaki resembles that of Eccapara-
doxides/Mawddachites oppanol. It has a broadly subhex-
agonal outline, but the broadest part lies about one-third 
of the pygidial length from the posterior end. The shape 
appears to vary to some extent, but the posterior margin is 
moderately wide and more-or-less truncated so that lateral 
spines are not developed. The pygidial axis is subtriangu-
lar, poorly subdivided except for one weakly defined ring. 
Two pygidia figured by Kordule (1999: pl. IV, figs. 10, 11) 
show oblique pleural furrows near the anterior part of the 
axis.

The species was introduced by Kordule (1999) and 
reported to occur in the uppermost part of the Eccapara-
doxides pusillus Assemblage Zone in the Buchava For-
mation of the Skryje– Týřovice Basin in the Bohemicum. 
Szabad and Valíček (1997) had reported “Plutonides sp. 
A” (“cf. Plutonides hicksi”) from the middle part of the 
E. pusillus Zone, which Vaněk et al. (1999) shortly after 
Kordule’s publication redescribed as “Plutonides hicksi” 
(their generic assignment and spelling), and regarded E. 
kozaki as a junior synonym of P. hicksii. What they indeed 
meant is that the Bohemian specimens of “E. kozaki” and 
“P. hicksi” represent the same species. Indeed, this spe-
cies is more appropriately placed under Mawddachites. 
However, its pygidial morphology distinctly differs from 
that of M. hicksii, and features of the cranidium (particu-
larly the outline of the palpebral lobes) differ markedly so 
that the Bohemian specimens represent a different species, 
Mawddachites kozaki (Kordule, 1999), as concluded in this 
report.

Taxa from the Near East sector of West 
Gondwana

Eccaparadoxides marginatus—E. marginatus Dean, 2005, 
is a species from the Badulesia? and Pardailhania zones in 
the Çal Tepe Formation of the Taurus Mountains, south-
ern Turkey. It has a cranidium with a gently curved anterior 
margin and a more or less uniformly narrow anterior border. 
The abaxial tips of the anterior border at the facial suture 
lie approximately anterior to the distal margins of the pal-
pebral lobes. The glabella is pyriform but has a relatively 
broad, slightly forward expanding posterior part. It tends to 
have a subpentagonal shape as it distinctly narrows in front 
of L4. The palpebral lobes are long, but relatively broad in 
transverse width, and they extend into relatively transversely 
directed eye ridges that meet the axial furrow slightly pos-
terior to S4.

The pygidium has a subquadrate outline with almost uni-
formly curved lateral margins, which is relatively unique for 
Eccaparadoxides species, with the broadest part opposite or 
slightly behind the tip of the axis. The axis has a longitudi-
nally triangular shape and at least two well-demarcated axial 
rings. The posterior margin is more or less exactly transverse 
or has a minor median indentation.

Eccaparadoxides remus—E. remus (Dean, 1982) is another 
species from Turkey, described from beds with Soleno-
pleuropsis marginata marginata of the Sosink Formation 
of the Derik–Mardin region, southeastern Turkey. It is 
characterised by narrow fixigenae. The palpebral lobes are 
comparatively thick (tr.) and moderately curved, with the 
anterior tips relatively posteriorly located and the eye ridges 
meeting the axial furrows at about the mid-length of L4. As 
a result, the cranidial width is relatively small, and the maxi-
mum width between the abaxial tips of the anterior border 
is equal or even slightly larger than the distance between the 
abaxial margins of the palpebral lobes (Dean 1982: fig. 27). 
These proportions of the cranidium are atypical for Ecca-
paradoxides and better conform to those of Acadoparadox-
ides. By contrast, the pygidia attributed to E. remus (Dean 
1982: figs. 23, 32, 34) have a conspicuously long and narrow 
outline and a short pygidial axis, and they distinctly differ 
from those of Acadoparadoxides. The generic assignment of 
the species is uncertain.

Taxa from Baltica

Eccaparadoxides? insularis— E.? insularis (Westergård, 
1936) is used as an index fossil of the eponymous zone in 
the Wuliuan Borgholm Formation in Scandinavia and other 
areas of Baltica (e.g., the Peribaltic Depression in northern 
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Poland; Lendzion 1982; Bednarczyk 1984). The cranidium 
of E.? insularis has a pyriform glabella of average propor-
tions with a moderate width and subparallel lateral margins 
posteriorly. The lateral furrows S3 and S4 are relatively shal-
low, S3 being distinctly longer than S4, which reaches the 
axial furrows, but without a lateral expansion. The palpe-
bral lobes are moderately long to long, slightly less curved 
anteriorly than posteriorly, and extend into forward-directed 
eye ridges which meet the axial furrows just posterior to S4. 
The anterior border is moderately broad (exsag.) and has a 
flattened dorsal surface, truncated by the facial suture not 
distinctly adaxially compared with the distal parts of the 
palpebral lobes.

The pygidium has a slightly longitudinally elongated 
subhexagonal outline, with an almost evenly curved lateral 
margin. The posterior margin is subtruncate, with a feeble 
indentation and without distinct posterolateral corners. The 
axis has a length of slightly less than half the length of the 
pygidium; it is weakly subdivided and with a more or less 
parabolic outline.

The specimens identified as E. insularis in the Holy Cross 
Mountains of southern Poland appear to show a particularly 
broad glabella but no pygidium typical of the species has 
been reported. In addition, the Polish specimens seem to 
have an older occurrence in the Holy Cross Mountains than 
those from the type area in southern Sweden (Żylińska and 
Szczepanik 2009). These specimens have been recently reas-
signed to the endemic species Acadoparadoxides kozlowskii 
(Orłowski, 1959a) and bear no resemblance to Eccaparadox-
ides (Nowicki and Żylińska 2019).

Paradoxides pinus—P. pinus (Holm in Westergård, 1936), 
known from Öland and Jämtland in Sweden, from the Oslo 
district in southern Norway, and from the Peribaltic Depres-
sion in northern Poland, is usually regarded as a species 
of Acadoparadoxides. Its glabella has an average pyriform 
shape with moderate width and subparallel lateral margins 
in the posterior part. The palpebral lobes are relatively short 
and thick, and are well defined from the eye ridges. S4 is 
faint and does not continue to the axial furrow. In addition, 
the anterolateral corners of the anterior border are situated 
approximately at the exsagittal level of the abaxial margins 
of the palpebral lobes.

The pygidium has a shape unlike any typical species 
of Acadoparadoxides. It has an elongated oval to spindle-
shaped outline, with a posterior margin having a distinct 
median indentation. The axis is longitudinally subtriangular 
and is slightly more than half the length of the pygidium, 
inclusive of a poorly defined socle.

A number of reports have assigned Paradoxides pinus 
to Eccaparadoxides (e.g., Dumicz et al. 1970; Bednarc-
zyk 1984; Bengtson and Urbanek 1986; Loi et al. 1995; 

Axheimer 2006; Żylińska and Szczepanik 2009; Wolvers 
and Maletz 2016), but this assignment is even more ques-
tionable. The specimens from the Holy Cross Mountains 
referred to Paradoxides pinus by Orłowski (1959a) and to P. 
(Eccaparadoxides) pinus by Żylińska and Szczepanik (2009) 
represent the endemic early Acadoparadoxides kozlowskii 
(Orłowski, 1959a) and A. samsonowiczi (Orłowski, 1959a) 
(see Nowicki and Żylińska 2019).

Eccaparadoxides pomeranicus—Bednarczyk (1972) pro-
posed an additional species, Eccaparadoxides pomeranicus, 
from the Paradoxides pinus Zone of the Sarbsko Formation 
from a drill-core from the Peribaltic Depression in north-
ern Poland. Eccaparadoxides pomeranicus is based only on 
cranidia, which all represent immature individuals with an 
Eccaparadoxides morphology (see Bednarczyk 1972, 1984). 
The specimens have a relatively slender cranidium with long 
and fairly thin, strongly arcuate palpebral lobes which extend 
forward into short eye ridges that meet the axial furrow next 
to the lateral termination of S4. The anterior border is rela-
tively thin (sag., exsag.) and comparatively weakly curved.

This type of cranidium bears some resemblance to those 
of Eccaparadoxides pusillus, but the glabellar front is clearly 
distant from the anterior border furrow, with a well-devel-
oped preglabellar field in front. Their range of morphol-
ogy will remain unclear until larger cranidia and pygidia 
are known. However, the species’ occurrence in the same 
strata as material identified as P. pinus raises the question 
whether E. pomeranicus simply includes immature forms 
of P. pinus. In any case, Bednarczyk (1984: pl. I, fig. 4) fig-
ured an immature cranidium assigned to E. insularis, which 
shares all of the morphological characters with the juvenile 
specimens identified as E. pomeranicus (Bednarczyk 1984: 
pl. II, fig. 2).

In addition, a number of paradoxidines were discovered 
in the Żarnowiec IG-1 borehole in the Peribaltic Depres-
sion in northern Poland. The Eccaparadoxides species are 
all “classical” Swedish species and include E. insularis, 
E. oelandicus, E. pinus and P./E. torelli (Pajchlowa 1990). 
Pygidia are unknown from the specimens identified as E. 
oelandicus and E. pinus, and this identification must be 
regarded as uncertain based on the cranidial differences 
with the Swedish specimens. A fairly well preserved cra-
nidium and pygidium are recorded as “P./E. torelli”, with 
the pygidium having a broadly subtriangular outline that 
cannot be assigned to Eccaparadoxides, but is typical for 
Acadoparadoxides (Pajchlowa 1990: pl. 18, figs. 2, 3). The 
specimens from Żarnowiec IG-1 may represent A. torelli as 
described by Asklund and Thorslund (1935), but additional 
specimens are needed to clarify the morphologic plasticity 
of that species.
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The cranidium identified as E. insularis has a facial suture 
that intersects the anterior border at a fairly adaxial position 
as in typical Eccaparadoxides species. In addition, it has 
moderately long and moderately broad, subequally curved 
palpebral lobes that end slightly anterior to the occipital fur-
row, with the anterior tips located opposite the middle of 
L4. The glabella is fairly narrow posterior part and shows 
a slightly higher curvature on the sagittal line (Pajchlowa 
1990: pl. 16, fig. 7). This morphology suggests the speci-
men represents a new species. However, additional material 
is limited, with only a hypostome assigned to the species, 
which if a pygidium were found, would help clarify the spe-
cies’ taxonomy.

Dumicz et al. (1970) also identified “Eccaparadoxides 
insularis” from the Khobdo region of western Mongolia, 
but these specimens certainly represent a different species, 
which also cannot be assigned to Eccaparadoxides.

Eccaparadoxides? thorslundi—E.? thorslundi Rushton 
et al., 2016, is known from the “Acadoparadoxides” pinus–
Pentagnostus praecurrens Zone of the Alum Shale Forma-
tion of Jämtland, particularly from a block with many exo-
skeletons of different sizes, making it one of the best known 
paradoxidine species. It has a characteristic cranidium with 
a pyriform glabella which has a slender posterior portion and 
a slightly flattened anterior margin of the frontal lobe. The 
lateral glabellar furrows S3 and S4 are very faint to obso-
lescent. The palpebral lobes are fairly thick and generally 
slightly falcate, widest (tr.) near midlength, with a tapering 
and less curved anterior portion, which extends obliquely 
forward into eye ridges that meet the axial furrow opposite 
S4. The anterior border is unusually similar in exsagittal 
width throughout its course and has a comparatively low 
curvature along the anterior cephalic margin.

The pygidium of Eccaparadoxides? thorslundi is highly 
variable but has a subhexagonal outline, with the lateral 
corners showing different angles, and with the posterior 
margin of variable width and depth of indentation. The axis 
is slightly more than half the length of the pygidium, with 
an elongate triangular outline and one axial ring. However, 
well-preserved specimens show additional faint rings. Faint, 
oblique pleural furrows are visible in the anterior part of the 
pleura in some specimens. The species is certainly not typi-
cal for Eccaparadoxides and shows a mosaic of characters 
found in Acadoparadoxides, Baltoparadoxides and Ecca-
paradoxides (see also Nowicki and Żylińska 2019).

Eccaparadoxides torelli—E. torelli (Westergård in Asklund 
and Thorslund 1935) is a species similar to E.? thorslundi, 
particularly in the morphology of the pygidium with its 
subhexagonal outline and with occasional development of an 
indentation on the posterior margin. It is sometimes assigned 
to Eccaparadoxides, but certainly shares most characters 

with typical species of Acadoparadoxides. The specimens 
from the Holy Cross Mountains assigned to A. torelli by 
Orłowski (1959a, b, 1964) differ considerably from the spe-
cies as known from Sweden (as discussed by Weidner et al. 
2014). They can be tentatively placed under Hydrocepha-
lus as suggested by Weidner et al. (2014) and Nowicki and 
Żylińska (2019).

Paradoxides oelandicus—P. oelandicus Sjögren, 1872, was 
tentatively assigned to Eccaparadoxides by Šnajdr (1957), 
but has a pygidium with a shape distinctly different from 
typical species of Eccaparadoxides and a number of cranid-
ial characters that also distinguish it from Eccaparadoxides. 
Šnajdr (1986) proposed the subgenus Baltoparadoxides of 
Acadoparadoxides, with P. oelandicus as the type species.

The species has also been reported as Eccaparadoxides 
oelandicus from the Khobdo region of western Mongolia 
(Dumicz et al. 1970), but the Mongolian specimens have a 
suboval pygidial outline unlike the typical pygidia of Bal-
toparadoxides oelandicus from Scandinavia.

A number of specimens assigned to Eccaparadoxides 
oelandicus from the Holy Cross Mountains in Poland (e.g., 
Orłowski 1957, 1959a, b, 1964; Bednarczyk 1970; Żylińska 
and Masiak 2007; Żylińska and Szczepanik 2009). This 
region representing the Trans-European Suture Zone (TESZ) 
margin of Baltica has been frequently and controversially 
discussed in terms of its Cambrian palaeogeographic posi-
tion. Its biogeographic data clearly indicate strong links with 
West Gondwana (e.g., Żylińska and Masiak 2007; Żylińska 
2013; Nowicki and Żylińska 2019). The specimens from 
this region assigned to Eccaparadoxides oelandicus have 
been reassigned to Acadoparadoxides kozlowskii (Orłowski, 
1959a) and A. samsonowiczi (Orłowski, 1959a) by Nowicki 
and Żylińska (2019).

Eccaparadoxides? tumidus—E.? tumidus (Angelin, 1854) is 
a poorly known species from the middle Cambrian of Born-
holm. Angelin (1878: pl. III, figs. 2, 2a) figured only one 
cranidium, which has a rapidly forward tapering glabella, 
moderately long, obliquely directed palpebral lobes and a 
strongly recurved anterior border that cannot be assigned to 
Eccaparadoxides. This specimen appears to be lost, and the 
species must be regarded as unrecognisable.

Taxa from Sibiria

Paradoxidines are known from most parts of the Sibiria pal-
aeocontinent, including a large part of the Siberian Platform, 
the Altay–Sayan Foldbelt (e.g., the Kuznetsk Alatau and 
Tuva) as well as Mongolia. Although a fairly large num-
ber of species have been proposed (with several of them 
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assigned to Eccaparadoxides, see below), their taxonomy is 
in a preliminary state, with several of the species known only 
from very limited material, often without any information 
on the pygidium.

Eccaparadoxides cultus—E. cultus (Egorova, 1967) was 
described as Paradoxides cultus from the Paradoxides cul-
tus − Popigaia popigaia Zone of the Amgan/Wuliuan in the 
western Prianabar region of the Siberian Platform. Its cra-
nidium is more or less typical of Acadoparadoxides. The 
glabella is moderately large and similar to the cranidia of the 
earliest Acadoparadoxides species known from Morocco, 
Iberia and the Holy Cross Mountains of Poland (e.g., A. 
pampalius or A. levisettii; Geyer and Vincent 2015), par-
ticularly in the shape of the pyriform glabella that slowly 
expands forward between S1 and S2, with faint S3 and S4, 
relatively weakly curved palpebral lobes and narrow fixige-
nae, and the course of the anterior branch of the facial suture. 
The pygidium, however, has a longitudinally extended, 
subrectangular outline with rounded posterolateral corners 
and an axis of ca. two-thirds the length of the pygidium, 
which leaves space only for narrow pleural fields (Egorova 
and Savitskiy 1969: pl. 21, figs. 1–6). Its generic affinity is 
uncertain, but the species’ cranidial character suggest that it 
cannot be assigned to Eccaparadoxides.

Paradoxides eopinus—P. eopinus Solov’ev, 1969, from the 
Oryctocara Zone of the Amgan in the Nekekit River area, 
eastern Siberian Platform has a pygidium with a longitu-
dinally extended subhexagonal outline, with long, almost 
straight posterolateral margins and a moderately broad, 
weakly curved posterior margin confluent at rounded cor-
ners with the posterolateral margin. The subtriangular axis 
is slightly more than half the pygidial length; it has one well-
defined axial ring and ca. two more faint rings posterior to 
it. The pygidium recalls typical pygidia of Eccaparadoxides, 
but the differences suggest that this may be a convergent 
morphology. The cranidium of P. eopinus is clearly differ-
ent from those of true Eccaparadoxides species in having 
shorter, distinctly drop-shaped, posteriorly broadened pal-
pebral lobes; relatively long, forwardly directed eye ridges; 
a nearly evenly curved anterior margin of the cranidium; 
and the abaxial tips of the anterior border located anterior 
to the abaxial margin of the palpebral lobe (see Egorova and 
Savitsky in Egorova et al. 1976: pl. 45, figs. 6, 7, 9, 10). The 
pygidium is fairly unique in its outline. It is relatively slen-
der, with the broadest part ca. one-third from the anterior, 
with the posterolateral margin barely curved and proceeding 
subangularly into the subtransverse, slightly curved posterior 
margin (Egorova and Savitsky in Egorova et al. 1976: pl. 
45, fig. 13).

Eccaparadoxides subenormis—E. subenormis (Solov’ev, 
1988) was proposed as Paradoxides (E.) subenormis from 
the Ovatoryctocara Zone of the Kuonamka Formation, 
Amgan Stage, of the Udzha and Malaya Kuonamka regions 
of the northern Siberian Platform. It is characterised by a 
cranidium with a moderately broad (tr.) glabella that expands 
relatively evenly forward and has weakly developed S3 and 
S4. The palpebral lobes are long and moderately arcuate, 
moderately wide (tr.) and faintly falcate. They continue into 
the eye ridges without distinct differences and meet the axial 
furrows approximately opposite S4. The anterior border is 
thin on the sagittal line and expands to a moderate width at 
the facial sutures, and is distinctly elevated except in com-
pressed specimens. The abaxial parts of the anterior bor-
der at the facial suture are close to the exsagittal level of 
the abaxial margins of the palpebral lobes. Pygidia of this 
species appear to be unknown, which precludes a confident 
assignment to any of the genera of the Paradoxides clade. 
The cranidial morphology is not similar to that of the type 
species E. pusillus and E. subenormis cannot assigned to 
Eccaparadoxides.

“Paradoxides” immanis—“P.” immanis Solov’ev, 1969, is 
a rare species occurring in the uppermost Ovatoryctocara 
and lowest Kuonamkites zones of the Kuonamka Forma-
tion of the Olenek Uplift, northern Siberian Platform. It was 
assigned to Eccaparadoxides by Solov’ev (1969), but differs 
distinctly from unequivocal species of this genus. The cra-
nidium has a glabella with a distinctly subpentagonal shape 
similar to that of E. marginatus Dean, 2005, but with its 
anterior end forming a broad and low anterior border that 
suggests the morphology of Anabaraspis. The palpebral 
lobes are moderately broad.

The pygidium has a subtriangular, posteriorly expand-
ing outline with a wide (tr.), obviously denticulate posterior 
margin. The pygidial axis is subrectangular in outline with a 
gently curved posterior margin (Korovnikov and Shabanov 
2016: pl. II, figs. 9–11). This morphology does not suggest 
assignment to any of the named paradoxidine genera. The 
best resemblance appears to exist with Baltoparadoxides.

Eccaparadoxides hyperboreus—E. hyperboreus (Lermon-
tova, 1940) is an incompletely known species first described 
from Novaya Zemlya. It is based only on cranidia with 
broadly expanding anterolateral wings of the anterior bor-
der and a fairly expanded anterior lobe of the glabella (e.g., 
Egorova et al. 1982: pl. 54, fig. 11). The generic identity is 
uncertain, but according to the known cephalic characters 
the species cannot be assigned to Eccaparadoxides.
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Table 1   Species assigned to Eccaparadoxides and their taxonomic position as revised herein

Species Author, year of introduction Suggested generic affinity Regional occurrence

acadicus Hartt in Dawson, 1868 Eccaparadoxides of the lamellatus group New Brunswick, Newfoundland
asturianus Sdzuy, 1968 Uncertain, characterises asturianus group Spain
barrandei Barrois, 1882 Unrecognisable species Spain
bennetti Salter, 1859 Uncertain generic affinity, not assignable 

to Eccaparadoxides
Newfoundland

brachyrhachis Linnarsson, 1883 Mawddachites? Sweden
cultus Egorova, 1967 Uncertain generic affinity, not assignable 

to Eccaparadoxides
Siberian Platform

decorus Billings, 1874 Possibly synonym of tenellus Newfoundland
eopinus Solov’ev, 1969 Uncertain generic affinity, not assignable 

to Eccaparadoxides
Siberian Platform

epimetheus this study Eccaparadoxides of the pusillus group Morocco
eteminicus Matthew, 1883 Eccaparadoxides of the lamellatus group New Brunswick, Newfoundland
freboldi Hutchinson, 1962 Possibly species of Eccaparadoxides Newfoundland
garriguensis Pillet, 1988 Macrocerca southern France
granulosus Courtessole, 1967 Uncertain generic affinity southern France
harknessi Hicks, 1871 Tentatively assigned to Plutonides Wales
hestia this study Tentatively assigned to Eccaparadoxides Morocco
hicksii Salter in Salter and Hicks, 1874 Mawddachites (type species) Wales, Newfoundland
hyperboreus Lermontova, 1940 Uncertain generic affinity, not assignable 

to Eccaparadoxides
Novaya Zemlya

immanis Solov’ev, 1969 Uncertain generic affinity, possibly spe-
cies of Acadoparadoxides (Baltopara-
doxides)

Siberian Platform

inflatus Hawle and Corda, 1847 Partly synonym of pusillus Bohemia
insularis Westergård, 1936 Uncertain, tentatively assigned to Ecca-

paradoxides
Sweden, Denmark, Peribaltic Depression

kozaki Kordule, 1999 Species of Mawddachites Bohemia
lamellatus Matthew, 1883 Eccaparadoxides of the lamellatus group New Brunswick, Newfoundland
macrocercus Courtessole, 1967 Macrocerca (type species) southern France
marginatus Dean, 2005 Eccaparadoxides?, probably member of 

the pradoanus group
Turkey

mediterraneus Pompeckj, 1901 Eccaparadoxides, restricted to type mate-
rial, others yet unnamed new species of 
the pradoanus group

Sardinia, unnamed new species from 
Sardinia, southern France and Spain

melaguesensis Thoral, 1935 Probably species of Macrocerca southern France, Spain
mongolicus Tomczykowa in Dumicz et al., 1970 Uncertain generic affinity, not assignable 

to Eccaparadoxides
Western Mongolia

oelandicus Sjögren, 1872 Acadoparadoxides (Baltoparadoxides) Sweden
oppanol Šnajdr, 1978 Possibly Eccaparadoxides of the pusillus 

group
Bohemia

orphanus Barrande, 1852 Synonym of pusillus Bohemia
pinus Holm in Westergård, 1936 Uncertain, tentatively assigned to Acado-

paradoxides
Sweden, Norway, Peribaltic Depression

pomeranicus Bednarczyk, 1984 Uncertain, possibly based on juvenile 
individuals of pinus

Peribaltic Depression

pradoanus Verneuil and Barrande, 1860 Eccaparadoxides?, characterises pra-
doanus group

Spain

pulcher Hawle and Corda, 1847 Synonym of pusillus Bohemia
pusillus Barrande, 1846 Eccaparadoxides (type species) Bohemia
remus Dean, 1982 Eccaparadoxides?, member of the pra-

doanus group
Turkey

rohanovicus Šnajdr, 1986 Eccaparadoxides of the pusillus group Bohemia
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Table 1   (continued)

Species Author, year of introduction Suggested generic affinity Regional occurrence

rouvillei Miquel, 1905 Uncertain, possibly member of the astu-
rianus group

southern France, Spain

rugulosus Hawle and Corda, 1847 Synonym of pusillus Bohemia
ruminatus Fedyanina in Chernysheva, 1971 Uncertain generic affinity, not assignable 

to Eccaparadoxides
Altay−Sayan Foldbelt

saturnoides Barrande, 1846 Synonym of pusillus Bohemia
sdzuyus/sdzuyi Liñán-Guijarro, 1978 Uncertain, probably member of the 

asturianus group
Spain

sequeirosi Liñán and Gozalo, 1986 Eccaparadoxides?, member of the pra-
doanus group

Spain

subenormis Solov’ev, 1988 Uncertain generic affinity, not assignable 
to Eccaparadoxides

Siberian Platform

suboelandicus Poletaeva, 1955 Uncertain generic affinity, not assignable 
to Eccaparadoxides

Altay−Sayan Foldbelt

sulcatus Liñán and Gozalo, 1986 Uncertain, member of the asturianus 
group

Spain

thorslundi Rushton et al., 2016 Uncertain, possibly species of Acado-
paradoxides (Baltoparadoxides)

Sweden

torelli Westergård in Asklund and Thorslund, 
1935

Uncertain, possibly species of Acado-
paradoxides

Sweden

tumidus Angelin, 1854 Unrecognisable species Denmark
zelus this study Eccaparadoxides of the pusillus group Germany

Fig. 5   Morphological groups recognised for species assigned to Eccaparadoxides exemplified by the species’ pygidium. Explanations in the text
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Eccaparadoxides ruminatus—E. ruminatus (Fedyanina in 
Chernysheva, 1971) from the Suyarik “Horizon”, Amgan 
Stage of the Ambas River area, Gornaya Shoriya Range, 
Altay–Sayan Foldbelt, is known only from a few cranidia. 
The glabella is relatively broad (tr.) and expands consider-
ably even in the posterior part, with faintly developed S3 and 
S4, and a fairly long (sag., exsag.) occipital ring. The palpe-
bral lobes are long but thick (tr.) and have only a moderate 
curvature. The anterior border is almost uniformly curved 
and expands only weaktly from the sagittal line to the facial 
suture, which cuts the anterior border at about the level of 
the palpebral furrow. These characters do not correspond to 
typical species of Eccaparadoxides. Given limited morpho-
logic information and characters atypical for Eccaparadox-
ides, the species should be dealt with as Paradoxides s. l. 
until the pygidial morphology is known and allows a more 
precise assignment.

Eccaparadoxides mongolicus—E. mongolicus Tomc-
zykowa in Dumicz et al. 1970, was found in strata assigned 
to the “lower part of the Eccaparadoxides oelandicus zone” 
of the Khobdo region of western Mongolia (Dumicz et al. 
1970: 298). The available specimens are all laterally com-
pressed cranidia with a moderately wide, slightly expand-
ing glabella with a broad (tr.) posterior part. The palpebral 
lobes are relatively thick and moderately curved, with their 
posterior tips distinctly more abaxially positioned than the 
anterior tips. Its pygidia are unknown. The generic affinity 
of this species and its distinction from other paradoxidines 
remains uncertain, but the available data do not suggest an 
assignment to Eccaparadoxides.

Additional taxa from the Altay–Sayan 
Foldbelt

Several paradoxidines have been described from the 
Altay–Sayan Foldbelt, but none of them is completely 
known and none has characters that suggest an unequivocal 
assignment to Eccaparadoxides. They include Paradoxides 
(Eccaparadoxides) hyperboreus (Lermontova, 1940) from 
the Wuliuan of the Kuznetsk Alatau; “P. (E.) pradoanus” 
from the Wuliuan of the Kuznetsk Alatau (contrasting the 
younger stratigraphic range of the species in Iberia); and 
“P. (E.) mureroensis” from the Wuliuan of the Ulug-Khem 
River area of Tuva.

The only endemic species of the Altay-Sayan Foldbelt is 
Eccaparadoxides suboelandicus Poletaeva, 1955, which was 
first described from the Mundybash River area of Gornaya 
Shoriya (Poletaeva 1955, 1960) and subsequently from the 
Wuliuan of the Kuznetsk Alatau (Repina 1969). Only cra-
nidia are known for the species, and these have a typical 
morphology of Acadoparadoxides cranidia. Consequently, 

E. suboelandicus cannot be grouped under Eccaparadoxides 
with any certainty.

In summary, a number of species from the Altay–Sayan 
Foldbelt that have been assigned to Eccaparadoxides must 
be regarded as doubtful members of this genus or as not 
assignable to Eccaparadoxides. Some are taxonomically 
unrecognisable.

Table 1 summarizes the suggested taxonomy of all spe-
cies so far assigned to Eccaparadoxides.

Conclusions on taxonomy, morphology 
and phylogeny of Eccaparadoxides

Taxonomy

Paradoxides sensu lato is a prime example of taxonomic 
problems that can result from the subdivision of a well-
known, broadly defined genus into more tightly defined gen-
era and/or subgenera based on locally distinctive species. 
Šnajdr’s (1957) subgenera are largely based on Bohemian 
species. In the present-day concepts of these genera or sub-
genera with numerous additional species included these type 
species lie distinctly eccentric in the morphological ranges 
so that these species are often not typical for the genera’s or 
subgenera’s morphology. Nomenclatural stability, however, 
requires definition of genera and subgenera of the Paradox-
ides s.l. clade by reference to Šnajdr’s and to subsequent 
genus definitions.

Based on the existing nomenclatural studies, Eccapar-
adoxides must be defined primarily on the basis of the 
morphology of Paradoxides pusillus Barrande, 1846. The 
diagnostic characters of this species feature the following: 
a fairly slender glabella (with respect to the maximum 
width of the cranidium); distinctly marked glabellar fur-
rows S3 and S4; long, thin to moderately broad (tr.) and 
distinctly arcuate palpebral lobes extending into relatively 
transversely directed eye ridges; an anterior border with 
moderate curvature medially that extends into relatively 
weakly curved, slightly abaxially expanding lateral sec-
tors; a facial suture intersecting the anterior border adaxial 
to the most abaxial position of the palpebral lobe’s centre; 
a pygidium with a subhexagonal outline, posterior margin 
slightly indented; axis with only one well-defined axial 
ring, length less than half of the pygidial length; pleural 
furrows absent.

Morphology

Given the morphological plasticity of the cranidial char-
acters, particularly during ontogeny, few cephalic features 
allow discrimination of Eccaparadoxides from other taxa of 
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the Paradoxides s.l. clade. Nevertheless, the length and cur-
vature of the palpebral lobes and their continuation into the 
eye ridges; the relatively slender posterior of the glabella, the 
distinct glabellar furrows S3 and S4; and the adaxial posi-
tion of the facial suture provide distinctive criteria for the 
cranidium of Eccaparadoxides. More readily recognisable is 
the pusillus-type pygidium with its elongated subhexagonal 
outline, a transverse posterior margin and a relatively short 
tapering axis with only one ring clearly marked. The same 
types of cranidia and pygidia are known from the coeval and 
partly co-occurring species E. rohanovicus, and, partly, from 
Mawddachites kozaki from Bohemia and E. zelus sp. nov. 
from the Delitzsch–Torgau–Doberlug Syncline, Germany, 
and E. epimetheus sp. nov. from the Anti-Atlas of Morocco. 
The Bohemian species oppanol is too incompletely known 
to be referred to Eccaparadoxides with certainty. These 
Perunican–West Gondwanan species must be regarded as 
the characteristic subclade of Eccaparadoxides.

The western Avalonian species Eccaparadoxides etemi-
nicus, E. lamellatus and E. acadicus certainly represent spe-
cies that form another “subclade” which is closely related to 
the Perunican–West Gondwanan species noted above. The 
western Avalonian species are primarily characterised by a 
lamellatus-type pygidium, which is slightly more elongate 
and has more closely spaced posterolateral corners than the 
pusillus-type pygidium.

Another morphological cluster of species is centred in 
Iberia and includes the Spanish species Eccaparadoxides 
sequeirosi and E. pradoanus and a species from Spain, Sar-
dinia and the Montagne Noire commonly reported as E. 
mediterraneus (see remarks above), Other taxa include a 
species identified in Spain as E. acadicus and the Anatolian 
species E. remus. Although their cranidia frequently show a 
greater variation than that shown by the typical E. pusillus-
type cephala, these E. pradoanus-type species/forms are 
primarily characterised by a distinctly more longitudinally 
elongate outline of the pygidium with a consequently shorter 
pygidial axis and a progressive tendency to develop a slen-
der posterior with a pair of short spines rather than simple 
corners. Eccaparadoxides marginatus from Anatolia lacks 
posterolateral spines, but has a bilobate posterior margin 
of the elongate pygidium. It possibly is a precursor of the 
forked posterior margins typical for the pradoanus group.

Phylogeny

Both the lamellatus and the pradoanus groups appear to 
evolve into species in which the pygidia have a lateral mar-
gin with a double curvature, which means the posterior end 
is developed has a sort of swallow-tail outline. A pygidium 
showing this feature is figured from the “forchhammeri 
Grits” of Shropshire, eastern Avalonia (Cobbold and Pocock 
1934: pl. 42, fig. 9), but without a known cranidium this 

specimen provides little evidence for phylogeny. Hence, it 
remains an open question whether the development of this 
type of pgidium records parallel or convergent evolution 
as suggested by species from different palaeocontinents or 
whether it originated in the Mediterranean sector of West 
Gondwana. The stratigraphic distribution of the species and 
differences in cranidial features between both groups seems 
to indicate separate evolutionary lineages.

The core group of species with a swallow-tailed pygidium 
include Eccaparadoxides/Macrocerca melaguesensis from 
the Montagne Noire and a form identified as E. melaguesen-
sis from Spain, a species earlier identified as E. brachyrachis 
(sic) from the Montagne Noire and macrocercus from the 
Montagne Noire. The latter species is particularly striking 
because of its very elongated posterior part of the spatulate 
pygidium; it is the type species of the subgenus Macrocerca. 
Although this species was likely derived from a species with 
the E. melaguesensis morphology, E. macrocercus has a 
pygidial morphology and a facial suture that differ in such 
distinctive characters from those of E. pusillus that it cannot 
be assigned to Eccaparadoxides based on the commonly 
accepted diagnostic concept of the genus. Consequently, 
Macrocerca should be raised from a subgenus to the genus 
level.

Two other species with a violin-shaped pygidium with a 
double curvature of its outline and short, swallow-tail end 
should be mentioned. One is Eccaparadoxides freboldi from 
southeastern Newfoundland, which also has a similarly late, 
but probably only upper Drumian occurrence (see remarks 
above) as macrocercus. Eccaparadoxides freboldi, however, 
could be derived from an E. lamellatus-type species.

The second is a species/form from Bornholm represented 
by a similar pygidium with a swallow-tail posterior margin 
separated by curved lateral margins and an axis with at least 
two recognisable rings and ca. half the pygidial length. This 
species was erroneously described by Brøgger (1878) from 
the Oslo region, Norway and by Grönwall (1902) as “Para-
doxides rugulosus” (see Dies Álvarez et al. 2010: figs. 2C, 
2J). As emphasised by Dies Álvarez et al. (2010), the pygidia 
of this Scandinavian species/form closely resemble those of 
Eccaparadoxides mediterraneus as known from Spain, but 
their cranidia can be relatively easily distinguished.

Given the fact that the species from the lower Amgan 
of the Siberian Platform assigned to Eccaparadoxides are 
not true species of Eccaparadoxides, the oldest species of 
the genus are represented by two morphological groups. In 
Iberia, the species E. asturianus, E. sdzuyi and E. sulcatus 
are of Wuliuan age. All are characterised by a pygidium 
with a subcircular outline, an axis of slightly more than 
half the pygidial length and with a tendency to have more 
than one well-defined axial ring. The somewhat younger 
species E. rouvillei appears to belong as well to this clade. 
Specimens from the Iberian Chains and the Montagne 
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Noire seem to show slight morphological differences, but 
these may be a result of imperfect preservation. In any 
case, the differences in pygidial and cranidial morphology 
with E. pusillus strongly suggest that these species cannot 
be assigned to Eccaparadoxides, and it is suggested to 
unite them as a new subgenus under Acadoparadoxides. 
Given the imperfect knowledge of E. asturianus, E. sdzuyi 
and E. sulcatus, we refrain from proposing this subgenus. 
Provisionally, this group is considered as an early plexus 
of Eccaparadoxides.

Species from the Wuliuan of Scandinavia with a pygidium 
with posteriorly expanding, subtriangular outline and spines 
on the posterior margin have been united by Šnajdr (1986) as 
the subgenus Baltoparadoxides under Acadoparadoxides—a 
reasonable proposal that appears to reflect the phylogenetic 
development in the region. These species would then include 
oelandicus, quadrimucronatus, and bidentatus. A possible 
additional species of Baltoparadoxides was described as P. 
immanis from coeval strata of the Olenek Uplift of the Sibe-
rian Platform.

The index species for the traditional lowermost “Middle 
Cambrian” in Scandinavia has been assigned to Eccapara-
doxides as E.? insularis, which would make it the oldest 
known species of the genus globally. Its cranidium has rela-
tively short anterior branches of the facial suture and fairly 
well defined lateral glabellar furrows S3 and S4, although 
not as deeply impressed as in typical species of Eccapara-
doxides. The palpebral lobes, however, are more reminiscent 
of those in Acadoparadoxides. The pygidium has a short 
axis and a suboval outline with a slightly clipped posterior 
margin—more reminiscent to the pusillus-type species of 
Eccaparadoxides, but not typical for the genus. We there-
fore regard its generic assignment to Eccaparadoxides as 
provisional. Acadoparadoxides? pinus, the index fossil of 
the overlying biozone in Scandinavia, is not so different 
in its morphology and could be a morphologically distinct 
descendant of oelandicus. However, this species certainly 
cannot be assigned to Eccaparadoxides despite its short 
anterior branches of the facial suture. Another species from 
the pinus Biozone of Scandinavia was described as Ecca-
paradoxides? thorslundi (Rushton et al. 2016). Its morphol-
ogy does not allow an unequivocal generic assignment, but 
it may be derived from an oelandicus-type ancestor and is a 
precursor of the pusillus-type plexus.

The genus Rejkocephalus Kordule, 1990, restricted to 
Bohemia/Perunica, is likely derived from species of the 
pusillus group. The genus includes two species, the type spe-
cies R. rotundatus (Barrande, 1846) and R. knizeki Kordule, 
1990, with a fairly different pygidial morphology. However, 
both are characterised by a similar cephalic morphology. 
The most striking features in the cranidium are the short 
palpebral lobes, which clearly differentiates them from the 
cranidia of Eccaparadoxides. The pygidial morphology is 

characterised by a broader overall shape and small, closely 
located posterior spines, which appears to indicate a sim-
ple morphologic/allometric gradient from E. pusillus-type 
predecessors. However, more important is the presence of 
several, posteriorly directed pleural ribs and additional axial 
rings. Specimens of Rejkocephalus knizeki appear to indicate 
the pathway for the addition of segments: incomplete fusion 
of axial rings in this species suggests that the morphology 
is generally a result of the fusion of the posterior thoracic 
segment with a E. pusillus-type pygidium (Fig. 5).

Systematic palaeontology

The specimens used for this study and listed below are in 
repository of the Bundesanstalt für Geowissenschaften und 
Rohstoffe, Außenstelle Geowissenschaftliche Sammlungen, 
Berlin-Spandau (GSB); the Mineralogisches Museum der 
Universität Würzburg (MMUW); the Národní Muzeum v 
Praze, Prague (NM); and the collection of Patrick Bommel 
(BOM).

Family Paradoxididae Emmrich, 1839
Subfamily Paradoxidinae Emmrich, 1839

Genus Eccaparadoxides Šnajdr, 1957

Type species. Paradoxides pusillus Barrande, 1846, from the 
Jince Formation, Bohemia, Czech Republic.

Discussion. This report has discussed existing taxonomic 
problems of the genus Eccaparadoxides. As outlined above, 
a majority of the species partly or occasionally assigned to 
Eccaparadoxides have a questionable generic assignment. 
However, the remaining species reflect at least four different 
morphological groups, termed the pusillus, lamellatus, pra-
doanus and asturianus groups. The systematic significance 
of these groups is difficult to assess based on the available 
data. In this report they are tentatively assigned to Ecca-
paradoxides, although the asturianus and pradoanus groups 
appear to be better placed outside Eccaparadoxides.

Eccaparadoxides zelus sp. nov.
Figures 6, 7, 8, 9

pars 1928 Paradoxides pusillus—Picard: 26.
pars 1931 Paradoxides pusillus—Picard and Gothan: 135.
1944 Paradoxides pusillus Barr.—Schmidt: 357, pl. 23, 

fig. 13.
1944 Paradoxides rugulosus Corda—Schmidt: 358–360, pl. 

21, figs. 21–26, pl. 22, fig. 1–10.
1957 Paradoxides aff. rugulosus Corda 1847—Sdzuy: 

11–12, fig. 1.
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Etymology. Named for the Greek Ζῆλος, literally “zeal”; in 
Greek mythology the personification of dedication, emula-
tion, eager rivalry and jealousy.

Holotype. GSB X4717, cranidium (Fig. 6a) (Schmidt 1944: 
pl. 21, fig. 26a, 26b; with counterpart).

Type locality. Doberlug IV/1929 drill site, northwest of 
Kirchhain, Delitzsch–Torgau–Doberlug Syncline, Northern 
Saxony, Germany.

Type stratum. Delitzsch Formation, Badulesia tenera Zone, 
Wuliuan–Drumian boundary interval, Miaolingian Series. 
From 195 m depth in the core (see Geyer and Malinky 2019: 
fig. 2).

Paratypes. Incomplete cephalon under GSB X12995 (from 
uncertain depth); 60 cranidia under GSB X4712 (Schmidt 
1944: pl. 21, fig. 21; uncertain depth), GSB X4713 (Schmidt 
1944: pl. 21, fig. 22; uncertain depth), GSB X4714 (Schmidt 
1944: pl. 21, fig. 23a, 23b; uncertain depth), GSB X4715 
(Schmidt 1944: pl. 21, fig. 24; from 186 m), GSB X4716/1 
(Schmidt 1944: pl. 21, fig.  25; uncertain depth), GSB 
X4716/2 (on the same piece as GSB X4716/1; uncertain 
depth), GSB X4718 (Schmidt 1944: pl. 22, fig. 1; from 
184 m), GSB X4719 (Schmidt 1944: pl. 22, fig. 2; uncer-
tain depth), GSB X4720 (Schmidt 1944: pl. 22, fig. 3; from 
186 m), GSB X4757b (from 190 m), GSB X06239/7 (from 
186 m), GSB X06246/2 (from 187 m), GSB X12948/2 
(uncertain depth), GSB X12950 (uncertain depth), GSB 
X12951 (uncertain depth), GSB X12952/1 (uncertain 
depth), GSB X12952/2 (uncertain depth), GSB X12953/1 
(uncertain depth), GSB X12954 (uncertain depth), GSB 
X12955 (uncertain depth), GSB X12956 (from 190 m), GSB 
X12958 (from 195 m), GSB X12960 (uncertain depth), GSB 
X12961/1 (uncertain depth), GSB X12962 (uncertain depth), 
GSB X12963 (from 195 m), GSB X12964 (from 178 m), 

GSB X12965 (from 195 m), GSB X12967 (from 179 m), 
GSB X12968 (from 185 m), GSB X12969 (uncertain depth), 
GSB X12970 (from 198 m), GSB X12971 (from 189 m), 
GSB X12972 (uncertain depth), GSB X12973 (from 197 m), 
GSB X12976 (from 196 m), GSB X12979/2 (from 179 m), 
GSB X12980/1 (from 186 m), GSB X12980/2 (from 186 m), 
GSB X12981/1 (uncertain depth), GSB X12981/2 (uncertain 
depth), GSB X12982/2 (from 195 m), GSB X12982/3 (from 
195 m), GSB X12983 (uncertain depth), GSB X12986 (from 
195 m), GSB X12987 (uncertain depth), GSB X12989 (from 
186 m), GSB X12990 (external mould, uncertain depth), 
GSB X12999/1 (uncertain depth), GSB X12999/2 (uncer-
tain depth), GSB X12999/3 (uncertain depth); cranidium 
with attached librigena under GSB X12961/2 (uncertain 
depth); two incomplete cephala with attached hypostome 
under GSB X12957 (uncertain depth) and GSB X12959 
(from 194 m); three nearly complete dorsal exoskeletons 
under GSB X12948/1 (uncertain depth), GSB X12974 (from 
197 m) and GSB X12979/1 (from 197 m); enrolled specimen 
with most of the thorax covered in the matrix, with ventral 
side of cephalon with attached rostral plate and hypostome 
as well as posterior part of the thorax and pygidium exposed, 
GSB X4721 (part and counterpart; Schmidt 1944: pl. 22, 
fig. 4; uncertain depth); cranidium with attached partial 
thorax under GSB X12999/4 (uncertain depth); incom-
plete, partly detached thoraces under GSB X4724 (Schmidt 
1944: pl. 22, fig. 7; uncertain depth), GSB X12991 (from 
186 m) and GSB X12994 (uncertain depth); incomplete 
thorax with articulated pygidium under GSB X06251/2 
(uncertain depth), GSB X4722 (Schmidt 1944: pl. 22, fig. 5; 
from 194 m), GSB X12966 (uncertain depth); isolated tho-
racic segments under GSB X12982/1 (from 195 m), GSB 
X12992 (from 180 m) and GSB X12993 (from 184 m); five 
isolated librigenae under GSB X12947 (from 186 m), GSB 
X12991/2 (from 190 m), GSB X12982/4 (from 195 m), GSB 
X12982/5 (from 195 m), GSB X12984 (from 178 m); nine 
isolated hypostomata, GSB X4726 (Schmidt 1944: pl. 22, 
fig. 9a–c; from 195 m), GSB X4727 (Schmidt 1944: pl. 22, 
fig. 10a, 10b; from 195 m), GSB X12968 (from 197 m), 
GSB X12975 (from 186 m), GSB X12977 (uncertain depth), 
GSB X12978 (uncertain depth), GSB X12985 (uncer-
tain depth), GSB X12997 (from 197 m), GSB X12998/2 
(from 195 m); two pygidia with three thoracic segments 
attached, GSB X4723 (Schmidt 1944: pl. 22, fig. 6; from 
186 m), GSB X4724 (Schmidt 1944: pl. 22, fig. 7; uncertain 
depth); three isolated pygidia under GSB X4725 (external 
mould; Schmidt 1944: pl. 22, fig. 8; from 190 m), GSB 
X12949/2 (from 189 m), GSB X12966/L (uncertain depth). 
All specimens from Doberlug IV/1929 core, northwest of 
Kirchhain, Delitzsch–Torgau–Doberlug Syncline, north-
ern Saxony, Germany, middle Cambrian. The specimens 
figured by Schmidt (1944) were originally in the collec-
tion of the Geologisches Landesmuseum of the Reichsamt 

Fig. 6   Eccaparadoxides zelus sp. nov. a GSB X4717, holotype, 
incomplete cranidium, from 195 m; b GSB X4716/1, paratype, par-
tial cranidium showing funnel-shaped lateral terminations of S4, from 
uncertain depth; c, f GSB X4714, paratype, incomplete cranidium, 
dorsal and lateral views, from uncertain depth; d, g GSB X4713, 
paratype, incomplete cranidium, dorsal and anterior views, from 
uncertain depth; e GSB X4719, paratype, incomplete cranidium, from 
uncertain depth; h, k GSB X4715, paratype, incomplete cranidium, 
dorsal and oblique anterior views, from 186  m; i, l GSB X4716/2, 
paratype, incomplete cranidium, dorsal and lateral views, from uncer-
tain depth; j, o GSB X4718, paratype, incomplete cranidium, anterior 
and oblique anterolateral views, from 184 m; m, p GSB X4720, para-
type, incomplete cranidium, dorsal and lateral views, from 186 m; n, 
q GSB X4757/2, paratype, incomplete cranidium, dorsal and anterior 
views, from 190  m. Dorsal views if not otherwise noted. All speci-
mens from Delitzsch Formation, Badulesia tenera Biozone, drill-
core Doberlug IV/1929, northwest of Kirchhain, Delitzsch–Torgau–
Doberlug Syncline, northern Saxony, Germany. All scale bars 1 mm

◂
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für Bodenforschung, Berlin, under Schmidt’s numbers or 
under provisional numbers. The specimens were transferred 
to the Zentrales Geologisches Probenarchiv of the German 
Democratic Republic and are now in the collections of the 
Bundesanstalt für Geowissenschaften und Rohstoffe, Außen-
stelle Geowissenschaftliche Sammlungen, in Berlin-Spandau 
(GSB) under the listed collection numbers.

Diagnosis. Species of Eccaparadoxides with glabella pyri-
form, posteriorly relatively slender, slightly expanding for-
ward; frontal lobe subevenly rounded or with slightly less 
curved anterolateral margins; S3 distinct, slightly shallower 
than S4, terminates distant from axial furrow; S4 relatively 
short, distinctly incised, with funnel-shaped lateral termina-
tion in dorsal view; palpebral lobes strongly arcuate, anterior 
and posterior tips slightly thickened, posterior tips located 
roughly at level of occipital furrow, anterior tips at mid-L4 
or slightly posterior to S4; eye-ridges with slight anterior 
curvature; anterior border moderately wide (sag. and exsag.), 
evenly curved around sagittal line, anterolateral parts almost 
straight, slightly expanding abaxially; anterior branches of 
facial suture intersect anterior border at most distal level 
of palpebral lobe or at level of palpebral furrow; pygidium 
with elongate subhexagonal outline, with rounded lateral 
corners or more or less evenly curved lateral margin, pos-
terior median sector with distinct indentation; pygidial axis 
slightly more than half of pygidial length, with one fairly 
well-defined axial ring; lateral margin slightly raised at 
anterolateral corners, progressively weakly defined posteri-
orly; without recognisable pleural ribs. (Diagnosis for adult 
individuals.)

Description of adult morphology. Glabella moderately 
convex in transverse profile, ca. 92–95% cephalic length 
(including occipital ring), pyriform with slight anterior 
expansion in its posterior part. Four pairs of lateral glabel-
lar furrows, S1 and S2 deeply incised and transglabellar, S3 
and S4 less distinct but recognisable. S1 slightly posteriorly 
directed from near lateral margin of glabella and slightly 
curved. S2 transversely directed in its lateral portions, 

slightly posteriorly directed across the sagittal sector; S3 not 
continuous medially, its abaxial ends terminate well before 
the lateral margins of the glabella, faintly convex forward 
and slightly oblique to axis, generally slightly less distinct 
than S4; S4 fairly short and not continuous medially, well-
incised on internal moulds, less so on the exterior of the 
cuticle, extend abaxially to the axial furrow often with a 
short funnel-shaped end (Fig. 6a, b), slightly oblique to the 
axis. Frontal lobe with anterior margin mostly with uniform 
curvature in dorsal view, but lateral sections sometimes 
with lower curvature; max. tr. width of anterior part of gla-
bella lobe ca. 46–55% max. cranidial width across centre of 
palpebral lobes (ratio increases with sclerite size) and ca. 
130–165% of width across occipital ring (generally decreas-
ing with sclerite size). Occipital ring with gently curved pos-
terior margin, but with low curvature medially across sag. 
line; max. sag. length ca. 16–20% cephalic length, width ca. 
31–38% cranidial width across centre of palpebral lobes; 
with moderate sag. convexity and medial node located 
slightly posterior to the centre. Occipital furrow composed 
of a shallow median section which curves slightly forward 
and with distinct lateral sections almost normal to axis.

Palpebral lobe strongly arcuate, exsag. of ca. 42–49% 
max. cephalic length (generally slightly decreasing with 
increased size), well elevated, (sub)evenly convex in tr. sec-
tion, its centre in adult individuals opposite middle part of 
L2 at axial furrow, anterior end of ocular suture opposite 
origin of S4 at axial furrow or faintly posterior to it, poste-
rior end opposite anterior part of occipital ring; with nearly 
uniform width throughout except for slightly broadened pos-
terior tips. Palpebral lobe confluent with eye ridge without 
distinct angulation, but with distinct change in direction. Eye 
ridge nearly straight or slightly sigmoidal, oriented oblique 
towards anterior from intersection with palpebral lobe, gen-
erally tapering and less convex in anterior half, fades at ante-
rolateral corners of frontal lobe.

Intraocular genae ca. 19–23% max. cranidial width across 
centre of palpebral lobes and ca. 36–46% max. cephalic 
length (exsag.) adjacent to axial furrow; with slightly ele-
vated, longitudinally oval bacculae in the posteroadaxial 
part.

Preglabellar field absent or in small specimens developed 
as very narrow strip confluent with anterior border furrow. 
Preocular areas irregularly triangular with low ridge parallel 
to the facial suture (arrow in Fig. 6b).

Anterior branches of facial suture straight, directed 
obliquely forward from anterior ends of ocular suture, curv-
ing distinctly adaxially from about posterior third of ante-
rior border; abaxial tips of anterior border located approxi-
mately at exsag. level of centre of palpebral furrow. Posterior 
branches moderately long, directed steeply abaxially from 
posterior ends of palpebral lobes, adaxial part nearly 
straight, abaxial section with a slight curvature.

Fig. 7   Eccaparadoxides zelus sp. nov. a, b, e, f GSB X4721, para-
type, incomplete exoskeleton, part (in a) and counterpart (in b) of 
incompletely enrolled specimen showing overturned posterior thorax 
and pygidium, entire specimen (a, b) and detail of posterior thorax 
and pygidium in dorsal and oblique lateral views (e, f), from uncer-
tain depth; c, f GSB X4722, incomplete dorsal carapace with inclined 
posterior thorax and pygidium, oblique posterior and oblique lat-
eral views, from 194  m; g GSB X4727, paratype, hypostome, from 
195 m; h, i, j GSB X4726, paratype, hypostome, dorsal, lateral and 
posterior views, from 195  m. Dorsal views if not otherwise noted. 
All specimens from Delitzsch Formation, Badulesia tenera Biozone, 
drill-core Doberlug IV/1929, northwest of Kirchhain, Delitzsch–Tor-
gau–Doberlug Syncline, northern Saxony, Germany. Scale bars 1 mm 
except in a–d (= 5 mm)
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Fig. 8   Eccaparadoxides zelus sp. nov. a, b GSB X12957, paratype, 
incomplete cephalon with semi-attached hypostome preserved as 
external mould, dorsal and oblique lateral views showing slightly 
inclined position of hypostome in respect to the cranidium, from 
uncertain depth; c GSB X12959, paratype, incomplete cephalon with 
attached hypostome, lateral view, from uncertain depth; d, e GSB 
X12952/2, paratype, partial cranidium, dorsal and oblique lateral 
views, from uncertain depth; f GSB X12948/1, paratype, partial dor-
sal exoskeleton with partially enrolled posterior part of thorax, from 
uncertain depth; g GSB X12969, incomplete cranidium, from uncer-

tain depth; h GSB X12953/1, paratype, partial cranidium, dorsal and 
oblique lateral views, from uncertain depth; i GSB X12973, paratype, 
partial cranidium, paratype, from uncertain depth; j GSB X12999/1, 
incomplete cranidium, from uncertain depth; k GSB X4757/4, tho-
racic pleura, external mould of ventral side showing herring-bone 
pattern of terrace ridges, from 190 m. Dorsal views if not otherwise 
noted. All specimens from Delitzsch Formation, Badulesia tenera 
Biozone, drill-core Doberlug IV/1929, northwest of Kirchhain, Del-
itzsch–Torgau–Doberlug Syncline, northern Saxony, Germany. Scale 
bars 1 mm except in f (= 5 mm)



Eccaparadoxides (Cambrian, Trilobita) and its biostratigraphic significance

1 3

Anterior border elevated, central portion of anterior mar-
gin with moderate curvature, anterolateral parts of anterior 
margin nearly straight, posterior margin of anterior border 
more strongly posteriorly directed so that it expands slightly 
in exsag. width; surface with low convexity (sag., exsag.) 
(Fig. 6o, p).

Posterior border relatively narrow (exsag.), slight expan-
sion in width toward facial suture, moderately elevated, 
almost straight or slightly sigmoidal in dorsal view. Poste-
rior border furrow moderately deep on internal moulds, less 
impressed on exterior of cuticle, moderately broad through-
out its course on cranidium.

Librigena with fairly narrow ocular platform. Lateral 
border moderately broad (tr.), subequal in width for most 
of its exsag. expansion, but widen posteriorly, moderately 
elevated in tr. profile and with nearly flat surface in its cen-
tral (tr.) part, grades into a long, moderately thick, continu-
ously and evenly tapering genal spine of gentle curvature, 
its base moderately wide, without a change in curvature 
of the lateral margin. Posterior border not entirely pre-
served in any of the available specimens, apparently nar-
row. Ventral doublure of lateral genal border and genal 
spine covered with coarse, roughly subparallel terrace 
ridges (Fig. 7b).

Rostral plate known from one exoskeleton, a simple plate 
with anterior and posterior margins running subparallel to 
each other and to the anterior cephalic border, with more 
pronounced curvature in sag. and exsag. profile; covered 
with fine, subparallel terrace ridges (Fig. 7b).

Hypostome with oval middle body and subrectangular 
posterior unit framed by lateral and posterior borders; sagit-
tal length about two-thirds maximum width. Posterior border 
transverse medially; abaxially it trends obliquely laterally 
and anteriorly and curves into moderately long marginal 
spine projecting from lateral border and directed obliquely 
abaxially. Lateral border almost exsagittally directed.

Middle body a very convex anterior lobe of ca. 85% 
hypostomal length on sag. line; lateral parts of anterior lobe 
distinctly extended dorsally (Fig. 7i), covered by terrace 
lines more-or-less paralleling plate relief and forming lon-
gitudinally oval whorl. Posterior lobe of middle body semi-
lunate, distinctly convex in sag. and exsag. profile, laterally 
separated from anterior body by distinct oblique furrows. 
Maculae not recognised.

Thorax known from three more-or-less complete speci-
mens and several disarticulated segments. With at least 16 
segments. Segments of generally similar shape, but suc-
cessive posterior decrease in size, with decreasing pleu-
ral length (tr.), width of axial rings (tr.) and an increasing 
posterior orientation of pleural spines. Axial ring widest at 
segment 1 where it is slightly narrower than 30% width of 
entire segment, rings successively narrow to segment 16, 
to a width slightly less than half the width of axial ring of 

segment 1 and slightly less than 40% width of segment 16. 
Axial rings with nearly straight anterior and slightly concave 
posterior margin and slightly constricted medially. Lateral 
portions with faint swellings near axial furrows, indicating 
attachment sites of ventral muscles. Articulating half-ring 
moderately wide (sag., exsag.).

Thoracic pleurae divided by a moderately deep, well-
developed pleural furrow which starts adaxially near ante-
rolateral corners of axial ring and runs slightly oblique to 
axis to end at approximately two-thirds the exsag. width in 
adaxial third of the pleural spines. Boundary between pleural 
spine and adaxial part of pleura marked by minute triangular 
fulcral process at anterior margin and corresponding notch-
like indentation at posterior margin (Fig. 9n). Pleural spines 
elongate, moderately posteriorly curved in anterior half of 
thorax. Pleural spine progressively lengthens relative to seg-
ment size and curves posteriorly and broadens in segments 
ca. 9–16. Posterior segments 14–16 have blade-like, overlap-
ping pleural spines that frame the pygidium laterally (e.g., 
Fig. 7c, e). Tips of pleural spines in segment 16 approxi-
mately at the level of the posterior pygidial tips.

Pygidium longitudinally suboval, maximum transverse 
width near midlength, ca. 80–85% sagittal pygidial width; 
lateral margin nearly uniformly curved in anterior two-thirds, 
slightly less curved in the posterior third. Posterior margin 
moderately wide (tr.), slightly concave in dorsal view. Axis 
subtriangular in outline, with rounded posterior margin, rests 
on indistinctly defined socle, axis of slightly more than half 
the pygidial length; only one axial ring distinctly defined 
by straight furrow, remaining part of axis with indistinct, 
shallow median impression at about midlength; with well-
defined, narrow (sag.) articulating half-ring. Pleural fields 
apparently smooth, with low longitudinally directed ridge 
near axis in anterior sector. No pygidial border and border 
furrow developed for most part, but border developed as a 
low, poorly defined lobe anterolaterally. Ventral doublure 
of pygidium very broad, covered with relatively coarse ter-
race ridges.

Exterior of cuticle either smooth or covered with minute 
granules. Anterior border and lateral cephalic border with 
terrace ridges parallel to the anterior, lateral and posterior 
margins.

Discussion. Eccaparadoxides zelus sp. nov. is closely related 
to E. pusillus, the type species of the genus. Single cranidia 
of the two species with similar preservation cannot be distin-
guished with any certainty although minor differences exist 
in the tendency of E. zelus to have weakly expanded ante-
rior and posterior tips of the palpebral lobes and curved eye 
ridges. The frontal glabellar lobe in E. zelus sp. Nov. is fairly 
slender, i.e. it has a low ratio of sag. length vs. max. tr. width 
at S4. This ratio is lower than in most other similar species 
(e.g., E. pusillus, E. rohanovicus or E. epimetheus sp. nov.).
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The pygidium differs from that of Eccaparadoxides pusil-
lus. It has an elongate subhexagonal outline with usually 
almost uniformly curved lateral margins or faint, rounded 
lateral corners, and the posterior median sector shows a dis-
tinct indentation. In addition, the pygidial axis is usually 
slightly more than half the pygidial length. The pygidium of 
E. pusillus, in contrast, has fairly well-marked lateral corners 
and a shallow indentation of the posterior margin; its axis is 
clearly shorter than half the pygidial length. The pygidium of 
E. rohanovicus has rounded lateral corners or curved lateral 
margins as in E. zelus sp. nov., but the posterior margin is 
almost straight, and its axis is also clearly shorter than half 
the pygidial length.

Remarks. Three specimens in the material are articulated, 
enrolled exoskeletons and thoraxes with attached pygidia. 
This suggest that the enrolled condition frequently occurred 
among the specimens embedded as entire and semicomplete 
individuals and that these animals were enrolled and rapidly 
buried alive by sediment. The mode of enrolment is compa-
rable to that reported from other paradoxidine species (e.g., 
Esteve 2013; Geyer and Vincent 2015; Laibl et al. 2016). 
Loose enrolment includes specimens in which the thorax 
is slightly convex in lateral aspect, with the segments only 
slightly inclined against each other but with a stronger incli-
nation in the posterior third of the thorax. The pygidium 
forms an inclined flap together with the three posterior seg-
ments (Fig. 7b, c, d); these segments and the pygidium then 
acted as a structural unit. Eccaparadoxides zelus sp. nov. was 
probably also capable of tight enrolment, as known in E. pra-
doanus (e.g., Esteve 2013: fig. 8E), with the pygidium rest-
ing below the cephalon. One specimen from the Doberlug 
IV drillhole (Fig. 7a, b) shows nearly complete, tight enrol-
ment with the posterior thorax and pygidium underneath 
the anterior part of the thorax, whereas the cephalon lies 
slightly anterior to it.

Eccaparadoxides epimetheus sp. nov.
Figures 10, 11

1985 �Paradoxides (Eccaparadoxides) sp.—Destombes et al.: 
167.

2006 �Paradoxides (Eccaparadoxides) sp.—Geyer and Land-
ing: 107.

Etymology. Named for the Greek Titan Ἐπιμηθεύς, “hind-
sight”, or literally “afterthinker”; in Greek mythology the 
brother of Prometheus and the son of Iapetus.

Holotype. MMUW 2021-I-028, incomplete dorsal exoskel-
eton (Fig. 10h, k).

Type locality. Hassi Brahim section, north of the road from 
Tata to the Issafen area and 5 km WSW of Tata (Lambert 
coordinates 240/304, 29° 38′ 30″ N, 8° 22′ 30″ W), geologi-
cal map sheet Akka–Tafagount–Tata 1: 200,000), southern 
flank of western Anti-Atlas, Morocco.

Type stratum. Level represented by sample HRG, Jbel Waw-
rmast Formation, Badulesia tenera Zone, Wuliuan–Drumian 
boundary interval, Miaolingian Series.

Paratypes. Incomplete cephalon under GSB X12995 (from 
uncertain depth); 60 cranidia. All specimens from Hassi Bra-
him area, mostly from the Hassi Brahim section (HBR-, with 
most sample horizons given in metres above base of meas-
ured section), southern margin of western Anti-Atlas. From 
sample HBR-D1887 (ca. 290 m above the base): incomplete 
dorsal exoskeleton under MMUW 2021-I-013; nine cranidia 
(often incomplete) under MMUW 2021-I-002, -003, -004, 
-006, -008, -010, -011, -012 and -014; fragmentary cepha-
lon under MMUW 2021-I-005; hypostome under MMUW 
2021-I-001; pygidium under MMUW 2021-I-007. From 
sample HBR-250.5: single cranidium under MMUW 2021-
I-015. From sample HBR-316.5: cranidium under MMUW 
2021-I-018; two hypostomata under MMUW 2021-I-016 
and -017. From section slightly lateral of the HBR main 
section, sample HRG: three cranidia under MMUW 2021-
I-026, -027, -029, two hypostomata under MMUW 2021-
I-025 and -030. From sample HRG-A: five cranidia under 
MMUW 2021-I-019, -021, -032, -033 and -035, hypostome 
under MMUW 2021-I-020. From sample HRG-B: hypos-
tome under MMUW 2021-I-0222. From sample HRG-F: 
cranidium under MMUW 2021-I-023; pygidium under 
MMUW 2021-I-024. From sample HRG-U: two cranidia 
under MMUW 2021-I-031 and -032.

Diagnosis. Species of Eccaparadoxides with pyriform gla-
bella, posterior part moderately slender, slightly expand-
ing forward; frontal lobe almost uniformly rounded or with 

Fig. 9   Eccaparadoxides zelus sp. nov. a, c, d GSB X4723, paratype, 
semiattached posterior thoracic segments and pygidium, oblique 
posterior, dorsal and lateral views, from 186 m; b, e, h GSB X4725, 
paratype, pygidium, latex cast of external mould, dorsal, oblique pos-
terior and lateral views, from 190 m; f GSB X4724, paratype, poste-
rior thorax and pygidium, latex cast of external mould, from uncer-
tain depth; g GSB X12982/5, paratype, librigena, dorsal view, from 
195 m; i GSB X4726, paratype, hypostome, from 195 m; j, m GSB 
X12975, paratype, hypostome, from 186  m; k GSB X12966, para-
type, hypostome, from uncertain depth; l, o GSB X12977, paratype, 
hypostome, dorsal and lateral views, from uncertain depth; n GSB 
X12992, paratype, thoracic pleura, from 180  m; p GSB X12954, 
paratype, incomplete librigena with caeca on pleural field, latex 
cast, from uncertain depth. Dorsal views if not otherwise noted. All 
specimens from Delitzsch Formation, Badulesia tenera Biozone, 
drill-core Doberlug IV/1929, northwest of Kirchhain, Delitzsch–Tor-
gau–Doberlug Syncline, northern Saxony, Germany. Scale bars 1 mm 
except in g (= 5 mm)
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slightly less curved anterolateral margins; S3 well-marked, 
terminates distant from axial furrow; S4 relatively short, but 
distinctly incised, with funnel-shaped lateral termination in 
dorsal view; palpebral lobes strongly arcuate, nearly uniform 

in tr. width, posterior tips located roughly at level of occipi-
tal furrow, anterior tips at mid-L4 or S4; eye-ridges straight, 
slightly oblique to axis; anterior border thin to moderately 
wide (sag. and exsag.), uniformly curved around sag. line, 
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anterolateral portions almost straight, slightly expanding 
abaxially; anterior branches of facial suture intersect ante-
rior border at level of centre of palpebral lobe or at level of 
palpebral furrow; pygidium with roughly subovate outline, 
posterolateral angles moderately rounded, posterior median 
sector with low curvature, without posterolateral corners; 
pygidial axis subtriangular, more than half the pygidial 
length, with one fairly well-defined axial ring; lateral margin 
slightly raised at anterolateral corners, progressively poorly 
defined posteriorly; one or sometimes two steeply posteriorly 
directed, low pleural ribs developed adjacent to anterior half 
of axis. (Diagnosis for adult individuals.)

Description of adult morphology. Glabella moderately 
convex in tr. profile, 92–95% cephalic length (including 
occipital ring), pyriform, slightly expanding forward in 
posterior part. Four pairs of lateral glabellar furrows, 
S1 and S2 deeply incised and transglabellar, S3 and S4 
less distinctive but well-defined. S1 slightly posteriorly 
directed from lateral margins of glabella and slightly 
curved. S2 transversely directed laterally, with a slight pos-
terior curvature across central part; S3 interrupted medi-
ally, its abaxial ends terminate distant to lateral margins of 
the glabella, weakly convex forward and slightly oblique 
to axis, generally slightly less distinct than S4; S4 fairly 
short and broadly interrupted medially, extends abaxially 
to axial furrow and sometimes with a short funnel shape in 
dorsal view (Fig. 10b, m), slightly oblique to axis. Frontal 
lobe with outline of a segment of a circle, anterior margin 
mostly with uniform curvature in dorsal view, lateral sec-
tions sometimes with lower curvature; max. tr. width of 
anterior part of glabella ca. 48–55% max. cranidial width 
across centre of palpebral lobes (increases with sclerite 
size) and ca. 135–160% width across occipital ring. Occip-
ital ring with gently curved posterior margin, with low 
curvature medially across sag. line; max. sag. length ca. 
13–18% cephalic length, width ca. 30–37% cranidial width 

across centre of palpebral lobes; with moderate sag. con-
vexity and with median node. Occipital furrow composed 
of shallow median section, which curves slightly forward 
and with distinctive lateral sections almost normal to axis.

Palpebral lobe arcuate, exsag. ca. 42–54% max. 
cephalic length (generally slightly lower in large scler-
ites), distinctly elevated, almost uniformly convex in tr. 
section, but occasionally divided into two lobes by a faint 
subcentral depression (Fig. 10k); centre in adult individu-
als opposite S1 or middle of L2 at axial furrow, anterior 
end of ocular suture opposite origin of S4 at axial furrow 
or slightly posterior to it, posterior end opposite anterior 
part of occipital ring or occipital furrow, posterior ends 
always slightly more distant from axis than anterior ends; 
with nearly uniform width throughout except for slightly 
broadened posterior tips. Palpebral lobe confluent with 
eye ridge without distinct angulation to it, but with dis-
tinct change in direction. Eye ridge nearly straight or with 
slightly sigmoidal, directed obliquely anteriorly from its 
connection with palpebral lobe, generally tapering and less 
convex in its anterior half, fading at anterolateral corners 
of frontal lobe.

Intraocular genae ca. 20–24% max. cranidial width across 
centre of palpebral lobes and ca. 36–43% max. cephalic 
length (exsag.) adjacent to axial furrow; with distinct, 
slightly elevated, longitudinally oval bacculae in the pos-
teroadaxial part.

Preglabellar field absent or developed as a very narrow 
strip confluent with anterior border furrow in small speci-
mens. Preocular areas irregularly subtrapezoidal, with a low 
ridge parallel to facial suture.

Anterior branches of facial suture directed obliquely ante-
rolaterally from origin at anterior ends of ocular suture, with 
straight section up to distinct adaxial curve at about poste-
rior third of anterior border; abaxial tips of anterior border 
located approximately opposite the max. abaxial location of 
palpebral furrow or opposite adaxial half of palpebral lobes. 
Posterior branches short to moderately long, directed steeply 
abaxially from posterior ends of palpebral lobes.

Anterior border elevated, with moderate curvature of 
anterior margin in central sector, anterolateral parts of ante-
rior margin nearly straight, posterior margin of anterior 
border more strongly posteriorly directed so that it widens 
slightly exsag.; surface with low convexity (sag., exsag.).

Posterior border relatively narrow (exsag.), relatively uni-
form in exsag. width or slightly widens toward facial suture, 
moderately elevated, almost straight or slightly sigmoidal 
in dorsal view. Posterior border furrow moderately deep on 
internal moulds, moderately broad throughout its course on 
the cranidium.

Librigena with fairly narrow ocular platform. Lateral 
border moderately broad (tr.), relatively uniform in width, 
but slight increases in width posteriorly, grades into a long, 

Fig. 10   Eccaparadoxides epimetheus sp. nov. a MMUW 2021-I-008, 
paratype, partial cranidium, from sample HBR-D1887; b MMUW 
2021-I-021, paratype, incomplete cranidium, from sample HRG-A; 
c, f, i MMUW 2021-I-006, paratype, incomplete cranidium, dorsal, 
anterior and left lateral views, from sample HBR-D1887; d MMUW 
2021-I-010, paratype, partial cranidium, from sample HBR-D1887; e 
MMUW 2021-I-018, paratype, partial cranidium, from sample HBR-
316.5; g MMUW 2021-I-011, paratype, incomplete cranidium, from 
sample HBR-D1887; h, k MMUW 2021-I-028, holotype, incomplete 
dorsal exoskeleton, dorsal view of entire specimen and detail of ceph-
alon with slightly detached librigena, from sample HRG; j MMUW 
2021-I-015, paratype, incomplete cranidium, from sample HBR-
250.5; l MMUW 2021-I-012, paratype, partial cranidium, from sam-
ple HBR-D1887; m MMUW 2021-I-029, paratype, partial cranidium, 
from sample HRG. Dorsal views if not otherwise noted. All speci-
mens from (extended) Jbel Wawrmast Formation, Badulesia tenera 
Biozone, Hassi Brahim section, southern slope of western Anti-Atlas, 
Morocco. Scale bars 1 mm, except a, g, h (= 5 mm)
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moderately thick, evenly tapering, gently curved genal spine, 
its base moderately wide without a change in curvature of 
the lateral margin; tips of genal spines located ca. one-
third of body length from posterior end. Posterior border 
fairly narrow. Ventral doublure of lateral genal border and 
genal spine covered with coarse, roughly subparallel terrace 
ridges.

Rostral plate unknown.
Hypostome with oval middle body and subrectangular 

posterior part framed by lateral and posterior borders; sag. 
length about two-thirds of the max. width. Posterior bor-
der is transverse medially, but indented; abaxially it trends 
obliquely abaxially and forward and curves into a moder-
ately long marginal spine extending from the lateral border 
with variable curvature.

Middle body of hypostome consists of strongly convex 
anterior lobe with ca. 80–85% length of hypostome on sag. 
line; lateral parts of anterior lobe distinctly dorsally extended 
(in anatomical position), covered by terrace lines more-or-
less parallel to hypostome relief (Fig. 11a). Posterior lobe of 
middle body semilunate, distinctly convex in sag. and exsag. 
profile, defined from the anterior body laterally by distinct 
oblique furrows. Maculae not recognised.

Thorax known from four more-or-less complete speci-
mens and several disarticulated segments, consisting of at 
least 16 segments. Segments generally of comparable mor-
phology, but with anterior to posterior decrease in overall 
size with a decrease in pleural length (tr.) relative to pleural 
width (exsag.), a drecrease in width of axial rings (tr.) and 
increasing posterior orientation of pleural spines. Axial ring 
widest at segment 1 where it is slightly more than one-quar-
ter width of segment, rings successively narrow to segment 
16 where ring has a tr. width of slightly less than half of the 
axial ring at segment 1 and ca. 40% tr. width of segment 

16. Axial rings with nearly straight anterior margin, slightly 
concave posterior margin, and thus weakly constricted medi-
ally. Lateral parts near axial furrows faintly swollen, indicat-
ing attachment sites of ventrally located muscles. Articulat-
ing half-ring moderately wide (sag. and exsag.).

Thoracic pleurae divided by moderately deep, well-
developed pleural furrow, which starts adaxially near ante-
rolateral corners of axial ring and runs oblique to axis to 
end at slightly more than half exsag. width and in adaxial 
third of the pleural spines. Boundary of pleural spine and 
adaxial part of pleura marked by triangular fulcral process 
at anterior margin and corresponding notch-like indenta-
tion at posterior margin. Pleural spines more or less falcate, 
moderately posteriorly curved in anterior half of the thorax. 
Pleural spine progressively lengthens relative to segment 
size and curves posteriorly to develop into broader spines in 
segments ca. 11–16. Posterior segments 14–16 have blade-
like, overlapping pleural spines that envelop the pygidium 
laterally. Tips of pleural spines in segment 16 approximately 
opposite posterior pygidial tips (Fig. 11i).

Pygidium longitudinally suboval, max. tr. width near 
midlength, ca. 80% sag. pygidial width; lateral margin nearly 
uniformly curved. Posterior margin moderately wide (tr.), 
slightly concave in dorsal view. Axis subtriangular in out-
line, with rounded posterior margin, rests on weakly defined 
socle, approximately half the pygidial length. One axial ring 
defined by straight, deep furrow, a second one faint; articu-
lating half-ring well-defined, narrow (sag.). Pleural fields 
apparently smooth with low longitudinally directed ridge 
near axis in the anterior half (Fig. 11l, m), a second one 
sometimes faintly indicated (Fig. 11m). No pygidial bor-
der and border furrow developed for most part, but border 
developed as a low and weakly defined lobe anterolaterally. 
Ventral doublure of pygidium very broad, covered with rela-
tively coarse terrace ridges (Fig. 11g, j, l, m).

Exterior of cuticle apparently smooth. Anterior border 
and lateral cephalic border with terrace ridges parallel to 
anterior, lateral and posterior margins; anterior portion of 
middle body of hypostome with Bertillon pattern.

Discussion. Eccaparadoxides epimetheus sp. nov. has a 
cranidium typical of Eccaparadoxides, with a glabella with 
slightly diverging lateral margins posteriorly, a relatively 
short frontal lobe and well-impressed lateral glabellar fur-
rows S3 and S4, the latter with apparently funnel-shaped 
lateral ends in dorsal view. The palpebral lobes are strongly 
arcuate; the anterior border is relatively narrow (sag.), with 
a moderate curvature on the sag. line, extending into weakly 
expanding lateral branches towards the facial suture, and it 
has a relatively flat dorsal surface. These features are typical 
of species of Eccaparadoxides of the pusillus and lamellatus 
groups. Specific cranidial characters of E. epimetheus sp. 

Fig. 11   Eccaparadoxides epimetheus sp. nov. a MMUW 2021-I-
016, paratype, hypostome, from sample HBR-316.5; b MMUW 
2021-I-025, paratype, hypostome, from sample HRG; c, i BOM 
2728, paratype, nearly complete dorsal exoskeleton, entire specimen 
and enlarged view of posterior thorax and pygidium, from unknown 
sample horizon; d MMUW 2021-I-017, paratype, hypostome, from 
sample HBR-316.5; e MMUW 2021-I-030, paratype, hypostome, 
from sample HRG; f MMUW 2021-I-020, paratype, hypostome, from 
sample HRG-A; g, j MMUW 2021-I-024, paratype, partial pygidium 
with exposed doublure, from sample HRG-F; h MMUW 2021-I-009, 
paratype, incomplete dorsal carapace, detail of thorax showing articu-
lating devices and distribution of terrace ridges, from sample HBR-D 
1887; k, l, p MMUW 2021-I-007, paratype, incomplete pygidium, 
oblique lateral, dorsal and oblique posterior views, from sample 
HBR-D 1887; m MMUW 2021-I-043, paratype, pygidium, from 
sample HBR-D 1887; n MMUW 2021-I-013, paratype, partial dor-
sal exoskeleton, from sample HBR-D 1887; o MMUW 2021-I-041, 
paratype, pygidium, from sample HBR-D 1887. Dorsal views if not 
otherwise noted. All specimens from (extended) Jbel Wawrmast For-
mation, Badulesia tenera Biozone, Hassi Brahim section, southern 
slope of western Anti-Atlas, Morocco. Scale bars 1 mm, except c, h, 
n (= 5 mm)
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nov. are the prominent palpebral lobes and the moderately 
broad (tr.), rather than slender, glabella.

The species is best recognised by its pygidial characters. 
The pygidium has a more-or-less subovate outline where the 
posterolateral angles are gently rounded so that the median 
sector of the posterior margin has a low convex curvature 
rather than a slight indentation as in almost all other spe-
cies of the pusillus and lamellatus groups and in species 
assigned to Eccaparadoxides in general. One or sometimes 
two steeply posteriorly directed pleural ribs occur close to 
the anterior half of the axis, which is quite unusual for Ecca-
paradoxides species. A similar type of pygidial morphology 
is known from Mawddachites kozaki, from roughly coeval 
strata in Bohemia. The latter species is clearly differentiated 
from E. epimetheus sp. nov. in having a more subtrapezoidal 
outline of the pygidium and a shorter pygidial axis. Its cra-
nidium has less elevated palpebral lobes. It has a peculiar 
anterior border, which is very narrow on the sagittal line and 
strongly bent backward, and forms distinctly curved ante-
rolateral sections with concave sectors of the anterolateral 
margin. The subcircular to ovate pygidial outlines of the 
asturianus group resemble that of E. epimetheus, but this is a 
superficial similarity. The course of the anterolateral margin 
in the asturianus group species is always oblique abaxially, 
whereas the axis tends to be shorter and more strongly taper-
ing, subtriangular. In addition, the palpebral lobes are less 
arcuate and the anterior cephalic border tends to be broader 
and more uniformly curved.

Eccaparadoxides? hestia sp. nov.
Figures 12, 13

Derivation of name. Name after Hestia (Ἑστία), an ancient 
Greek goddess associated with then-traditional virtues, 
including modesty; the name is an allusion to the relatively 
modest size and morphologically subtle features of sclerites 
of the species.

Holotype. MMUW 2021-I-036, dorsal exoskeleton, pre-
served as part and counterpart (Fig. 12).

Type locality. Lemdad Syncline, section Le V, High Atlas, 
Morocco, 30° 48′ 20″ N, 8° 14′ 45″ W.

Type stratum. Jbel Wawrmast Formation, Kymataspis 
arenosa Zone, upper Agdzian/Wuliuan, Miaolingian Series/
Middle Cambrian (see Geyer et al. 1995: figs. 11, 14).

Paratypes. All specimens from Jbel Wawrmast Formation, 
Kymataspis arenosa Zone, Lemdad Syncline, western High 
Atlas, Morocco. From section Le I, sample horizon 1–7 
(7 m above base of the measured section): MMUW 2021-
I-056 (exoskeleton, mould of ventral side with hypostome), 

-048, -057 (two cranidia), -055 (hypostome); sample 1–9 
(9 m above base of the measured section): MMUW 2021-
I-060 (enrolled specimen, ventral side), -061 (incomplete 
dorsal carapace), -062 (cranidium), -059 (thoracic pleura); 
samples 1–12 (12 m above base of the measured section): 
MMUW 2021-I-058; samples 1–12.5 (12.5 m above base of 
the measured section): MMUW 2021-I-065, -066 (pygidia); 
from section Le IV, samples 1–10 (10 m above base of the 
measured section): MMUW 2021-I-050 (hypostome with 
rostrum); section Le VIII, sample 1: MMUW 2021-I-051 
(partial dorsal exoskeleton); from section Le XI, sample 
1-north: MMUW 2021-I-052 (cranidium); section Le XV, 
sample 1–25 (ca. 25 m above base of the measured section): 
MMUW 2021-I-043, -044 (two cranidia), samples 1–30 (ca. 
30 m above base of the measured section): MMUW 2021-
I-042 (single cranidium), sample 1-st: MMUW 2021-I-045 
(incomplete dorsal carapace), -046 (cranidium); section Le 
XVI, samples 1–11: MMUW 2021-I-047 (cranidium); local-
ity X61: MMUW 2021-I-037, -038 (two cranidia); locality 
X64: MMUW 2021-I-039 (incomplete dorsal exoskeleton); 
locality X76: MMUW 2021-I-040 (incomplete cranidium); 
locality X203: MMUW 2021-I-041 (incomplete cranidium). 
See Geyer et al. 1995: figs. 11, 14 and Geyer and Landing 
2006: fig. 23 and 28 for logs and sample locations.

Material in repository tentatively assigned to Eccaparadox-
ides? hestia sp. nov. All specimens from, Jbel Wawrmast 
Formation, Kymataspis arenosa Zone, Lemdad Syncline, 
western High Atlas, Morocco. From section Le I, sample 
horizon 1–12.5: MMUW 2021-I-063 and -064 (two pygidia), 
from section Le IV, sample horizon 1–7: MMUW-I-049 
(cranidium).

Diagnosis. Species tentatively assigned to Eccaparadox-
ides with pyriform glabella, posterior part relatively broad, 
slightly expands anteriorly; frontal lobe with uniformly 
curved anterior margin; S3 and S4 moderately deep; pal-
pebral lobes moderately arcuate, relatively thick (tr.) on the 
exterior of the cuticle, posterior tips opposite occipital fur-
row, anterior tips opposite S4 or slightly posterior to it; eye 
ridges almost transverse; anterior border moderately wide 
(sag. and exsag.), evenly curved around sagittal line, antero-
laterally gently curved to almost straight, slightly expanding 
abaxially; anterior branches of facial suture intersect anterior 
border at level of centre of palpebral lobe; pygidium with 
elongate subovate outline, lateral margins with relatively low 
curvature, posterior median sector almost straight; pygidial 
axis slightly more than half pygidial length, posterior margin 
uniformly curved; without recognisable pleural ribs.

Description of adult morphology. Glabella moderately con-
vex in tr.nsverse profile, ca. 87–93% cephalic length (includ-
ing occipital ring), pyriform, slightly anteriorly expanding in 
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Fig. 12   Eccaparadoxides? hestia sp. nov. a–f MMUW 2021-I-037, 
dorsal exoskeleton, latex cast of counterpart; a dorsal view of entire 
specimen; b detail of thorax showing gradational change of pleu-
ral morphology; c close-up of cranidium; d oblique anterior view; 
e close-up of posterior thorax and slightly telescoped pygidium; f 
oblique lateral view of exoskeleton showing inclination of cranidium 

against anterior part of the thorax and slight concave curvature of 
median part of the thorax as an example of post-mortem configura-
tion; from level ca. 25 m above the base of the Jbel Wawrmast For-
mation, Kymataspis arenosa Zone, Lemdad Syncline, section Le VI, 
western High Atlas, Morocco. Scale bars 5 mm except in e (1 mm)
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posterior part. Four pairs of lateral glabellar furrows, S1 and 
S2 well-developed and transglabellar, S3 and S4 less distinc-
tive, often weakly developed. S1 slightly posteriorly directed 
near lateral margins of glabella and curved to mostly form 
a uniformly curved arc. S2 transversely directed laterally, 
with a slight posterior curvature across centre of glabella; 
S3 fades medially, its abaxial ends terminate well before 
lateral margins of glabella, oriented slightly oblique to axis; 
S4 fairly short and broadly interrupted medially, extends 

abaxially to or near to axial furrow, slightly oblique to axis. 
Frontal lobe with r anterior curvature, outline almost semi-
circular, anterior margin mostly with uniform curvature in 
dorsal view. Max. tr. width of anterior part of glabellar lobe 
ca. 50% of max. cranidial width across centre of palpebral 
lobes and ca. 135% (130–145%) tr. width of occipital ring. 
Occipital ring with gently curved posterior margin; max. 
sag. length ca. 13–16% cephalic length, width ca. 30–35% 
of cranidial width across centre of palpebral lobes; with 
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moderate sag. convexity and with median node. Occipital 
furrow with shallow median section which curves slightly 
forward and distinctive lateral sections almost normal to 
axis.

Palpebral lobes arcuate, exsag. ca. 45–52% max. of 
cephalic length (ratio slightly decreasing with growing 
sclerite size), moderately elevated, mostly uniformly con-
vex in tr. section; centre in adult individuals opposite mid-
dle part of L2 to S2 at axial furrow, anterior end of ocular 
suture opposite origin of S4 or slightly posterior to it at axial 
furrow, posterior end opposite occipital furrow, posterior 
ends always slightly to distinctly more abaxial than anterior 
ends; comparatively broad (tr.), ca. 9–11% of max. cran-
idial width on exterior of cuticle, narrower (tr.) on internal 
moulds. Palpebral lobe confluent with eye ridge without 
distinct angulation. Eye ridge nearly straight, directed only 
slightly obliquely to axis but sometimes curves anteriorly, 
clearly tapers toward axial furrow and fades, extends into 
facial lines on preocular areas.

Intraocular genae ca. 19–25% of max. cranidial width 
across centre of palpebral lobes and ca. 40–45% of max. 
cephalic length (exsag.) adjacent to axial furrow; with 
slightly elevated oval bacculae in the posteroadaxial sector 
(e.g., Fig. 13a).

Preglabellar field absent. Preocular areas irregularly 
subtrapezoidal.

Anterior branches of facial suture directed obliquely ante-
rolaterally from origin at anterior ends of ocular suture, form 
straight line that changes into an adaxial curve commencing 
at about the posterior third of the anterior border; abaxial 

tips of anterior border located approximately in front of the 
abaxial margin of palpebral furrow or in front of adaxial 
half of the palpebral lobe. Posterior branches short to mod-
erately long, directed steeply abaxially from posterior ends 
of palpebral lobes.

Anterior border elevated, with moderate curvature of 
anterior margin in the central sector, anterolateral parts of 
anterior margin weakly curved, posterior margin of anterior 
border more strongly posteriorly directed so that it widens 
slightly in exsag. direction; surface with moderate sag. and 
exsag. convexity.

Posterior border relatively narrow (exsag.), subequal in 
exsag. breadth or slightly wider toward facial suture, mod-
erately elevated, weakly sigmoid in dorsal view. Posterior 
border furrow moderately deep and broad throughout its 
course on the dorsal side of the cranidium.

Librigena with fairly narrow ocular platform. Lateral 
border moderately broad (tr.), slightly convex in tr. section, 
subequal in width for most of its exsag. expansion, slightly 
wider posteriorly, grades into a moderately long and mod-
erately strong, uniformly tapering genal spine with gentle 
curvature, base relatively wide, without much change in 
curvature of lateral margin; posterior tips of genal spines 
opposite anterior half of thorax. Posterior border fairly nar-
row, lateral border and genal spine covered with roughly 
subparallel terrace ridges.

Rostral plate mirrors outline of cranidial anterior border, 
with moderate to pronounced curvature centrally, anterolat-
eral margin weakly curved, posterior margin more strongly 
posteriorly directed so that it slightly widens exsag.; surface 
with moderate sag. and exsag. convexity.

Hypostome with oval middle body and subrectangular 
posterior part framed by lateral and posterior borders; sag. 
length about two-thirds of max. width. Posterior border 
transverse medially, with lateral sections directed obliquely 
laterally and anteriorly, extending into relatively long, vari-
ably curved marginal spine.

Middle body of hypostome with convex anterior lobe 
which measures ca. 80–85% of hypostomal length on 
sag. line; lateral parts of anterior lobe distinctly dorsally 
extended. Posterior lobe of middle body semilunate, dis-
tinctly convex in sag. and exsag. profile, separated from 
anterior body laterally by distinct oblique furrow. Maculae 
not recognised.

Thorax known from a few more-or-less complete speci-
mens and several disarticulated segments, with up to 16 
segments. Segments with relatively uniform morphology, 
show progressive anterior to posterior size decrease, com-
bined with shorter pleural spine length (tr.), width of axial 
rings (tr.), and increasing rearward orientation of pleural 
spines. Axial ring widest at segment 2 where it is about 
one-third width of segment, successively narrows to seg-
ment 16, where it has a width of ca. 55% width of axial ring 

Fig. 13   Eccaparadoxides? hestia sp. nov. a MMUW 2021-I-037, 
paratype, cranidium, sample locality and horizon X61; b MMUW 
2021-I-048, paratype, cranidium, section Le I, sample 1–7; c MMUW 
2021-I-061, paratype, cephalon with partial thorax, section Le I, sam-
ple 1–7; d MMUW 2021-I-042, paratype, cranidium, section Le XV, 
sample 1–30; e MMUW 2021-I-043, paratype, cranidium, section Le 
XV, sample 1–25; f MMUW 2021-I-045, paratype, cranidium with 
detached librigena and thorax of immature individual, section Le XV, 
sample 1-st; h MMUW 2021-I-056, paratype, latex cast of mould of 
slightly detached exoskeleton, ventral side with hypostome and ros-
tral plate in place, section Le I, sample 1–7; i MMUW 2021-I-050, 
paratype, hypostome with slightly detached rostral plate, section Le 
IV, sample 1–10; j MMUW 2021-I-060, paratype, enrolled exoskel-
eton, ventral side showing hypostome and rostral plate with ventral 
side of librigena, section Le I, sample 1–9; k, l MMUW 2021-I-065, 
paratype, incomplete pygidium, lateral and dorsal views, section Le 
I, sample 1–12; m MMUW 2021-I-059, paratype, pleurae of seg-
ment 16?, section Le I, sample 1–9; n MMUW 2021-I-041, paratype, 
incomplete cranidium covered by cranidium of Parasolenopleura 
lemdadensis Geyer, 1998 (on left), sample locality and horizon X203; 
Tentatively assigned to Eccaparadoxides? hestia sp. nov.: g MMUW 
2021-I-064, pygidium of immature individual, section Le I, sample 
1–12.5. Dorsal views if not otherwise noted. All specimens from Jbel 
Wawrmast Formation, Kymataspis arenosa Zone, Lemdad Syncline, 
western High Atlas, Morocco. Scale bars 1  mm except in a and b 
(5 mm)
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at segment 2 and ca. 55% width of entire segment 16. Axial 
rings with weak forward curvature anteriorly and slightly 
concave posterior margin, and thus slightly constricted 
medially. Lateral parts near axial furrows distinctly swol-
len, indicating attachment sites of ventral muscles. Articu-
lating half-ring moderately wide (sag. and exsag.). Axial 
rings in segments 3–6 with more pronounced constriction, 
indicate possibility of dorsal inclination against each other 
and against segments 2 and 7 during enrolment so that the 
carapace may have been distinctly concave in lateral view 
with maximum flexure.

Thoracic pleurae divided by a moderately deep, spindle-
shaped, well-developed pleural furrow which originates 
adaxially near anterolateral corners of axial ring and runs 
oblique to axis to end at slightly more than half exsag. width; 
abaxial termination of pleural furrows located ca. one quar-
ter of pleural length (tr.) from pleural tips in anterior seg-
ments, at about one-third to half tr. pleural length in the 
middle part of the thorax, and in the adaxial half of the pleu-
rae in posterior segments. Boundary between pleural spine 
and adaxial part of pleura marked by faint triangular fulcral 
process. Pleural spines long, more-or-less falcate, moder-
ately posteriorly curved in anterior half of thorax. Pleural 
spines progressively longer in larger segments. They curve 
more strongly towards the posterior and are broader in seg-
ments ca. 10–16. Posterior segments 14–16 have blade-like, 
overlapping pleural spines that form fan-shaped structure 
together with pygidium, with pleurae broadest opposite dis-
tal end of pleural furrow (Fig. 13m). Tips of pleural spines in 
segment 16 posterior to posterior pygidial margin (Fig. 12c).

Pygidium longitudinally suboval in outline, maximum tr. 
width at about midlength. Posterior margin moderately wide 
(tr.), weakly curved to nearly straight in dorsal view, extends 
into lateral margin without angulation or spines. Axis sub-
triangular in outline, with rounded posterior margin, rests 
on low, indistinctly defined socle, slightly more than half 
of pygidial length; only one axial ring defined by a straight 
furrow. Pleural fields smooth, grade into a longitudinal, low 
raised area along lateral border in anterior half. No pygidial 
border or border furrow developed. Ventral doublure of 
pygidium very broad.

Exterior of cuticle largely smooth. Glabella occasionally 
with recognisable terrace lines, anterior border and lateral 
cephalic border with terrace ridges parallel to anterior, lat-
eral and posterior margins.

Ontogeny. Immature cranidia of Eccaparadoxides? hestia 
sp. nov. differ from those of adult individuals in having a 
relatively narrower glabella with posteriorly somewhat more 
parallel lateral margins; distinctly broader (rel.) fixigenae; 
narrower and more distinctly arcuate palpebral lobes; and 
a more evenly curved anterior margin of the cranidium 
(Fig. 13e, f). A very small pygidium is tentatively assigned 

to E.? hestia and appears to indicate considerable allometric 
growth (Fig. 13g): It has a broadly subovate outline with 
weakly curved lateral margins developing into a convex cur-
vature of the posterior margin. The axis is triangular and 
more than two-thirds of the pygidial length.

Discussion. Eccaparadoxides? hestia sp. nov. is a relatively 
distinctive paradoxidine trilobite with a general Eccapara-
doxides-type morphology. It differs, however, in a number of 
characters so that a confident generic assignment is not pos-
sible. Eccaparadoxides-type characters include the course of 
the anterior branches of the facial suture and the long arcuate 
palpebral lobes with its anterior tips at S4. By contrast, the 
relatively broad glabella with faint lateral glabellar furrows 
S3 and S4 and the tr. width of the palpebral lobes differ 
considerably from the typical characters seen in the pusil-
lus group. The thorax is fairly broad, with a fan-like aspect 
of the posterior third, similar to the thoraxes in species of 
Acadoparadoxides. The pygidium has a slender subovate 
outline with a nearly straight posterior margin, with its wid-
est part at about half-length. The posterolateral “corners” 
are gently rounded.

Eccaparadoxides? hestia resembles the more-or-less coe-
val E.? sdzuyi from Spain. The taxonomic problems with the 
latter species have been discussed above. Although there is 
a general similarity in their pygidia as far as is known based 
on the the imperfect material from Spain, there are con-
siderable differences in their cranidia, such as the narrower 
glabella with a shorter anterior part and narrower fixigenae 
in E.? sdzuyi.

In addition, Eccaparadoxides? hestia resembles immature 
specimens of Acadoparadoxides? pinus and E.? insularis. 
Both Scandinavian species are distinguished by narrower 
outlines of the pygidia, and the pygidial axis in A.? pinus is 
distinctly longer. In addition, A.? pinus has thoracic pleurae 
that do not extend as far laterally, and A.? pinus and E.? insu-
laris differ in other characters of the cranidium, particularly 
in having shorter palpebral lobes in adult or nearly adult 
individuals (see Westergård 1936: pls. VI, VII).

Biostratigraphy. Eccaparadoxides? hestia sp. nov. ranges 
through the entire Kymataspis arenosa Biozone in the west-
ern Anti-Atlas and can be used as an auxiliary index fossil 
for this zone. It is even more abundant than K. arenosa, and 
is the most common trilobite of these strata and character-
istic of the upper Agdzian (middle–upper Wuliuan) strata 
in the region. However, its sclerites are often difficult to 
assign confidently to the species. In addition, the species 
is unknown from coeval strata in the western, central and 
eastern Anti-Atlas, where K. arenosa occurs.
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