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Cambrian (stage 3) arthropod
Retifacies abnormalis revealed by
morphometric analyses
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Retifacies abnormalis is a large artiopodan euarthropod known only from the
famous fossil deposits of the Chengjiang biota, China (Cambrian Series 2, Stage
3). It is well known for its pronounced reticulated ornamentation that covers the
entire dorsal surface of the exoskeleton. Here 109 new specimens of R.
abnormalis from multiple deposits are reported. Some larger specimens display
a distinct carapace ornamentation to what was previously known. By qualitatively
separating specimens into two groups (‘Morph A’, ‘'Morph B’) and analyzing the
shape of the body, pygidium, and shape of the polygons in the reticulation, using
linear and geometric morphometrics and elliptical Fourier analysis, the two
morphs are shown to overlap in morphospace and display similar length:width
ratios of body parts, rather than form two distinct clusters. The differences are
interpreted as intraspecific rather than as diagnosing two species. As Morph B
are only found in larger size classes, R. abnormalis ornamentation differences are
interpreted to have developed during ontogeny, but are not thought to represent
sexual dimorphs.

KEYWORDS

Cambrian, Chengjiang biota, arthropoda, Retifacies, intraspecific variation,
morphometric analysis

1 Introduction

Artiopoda are a diverse group of euarthropods, and common components of early
Palaeozoic marine communities (e.g. Ortega-Hernandez et al.,, 2013). This group comprises
trilobites with calcite exoskeletons and their non-biomineralized relatives, united by
possession of a headshield anterior to a dorso-ventrally flattened exoskeleton concealing
a series of broadly homonomous biramous appendages (Stein and Selden, 2012; Ortega-
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Hernandez et al., 2013; Giribet and Edgecombe, 2019). These taxa
possess uniramous antennae and at least three pairs of biramous
limbs (e.g. Ortega-Hernandez et al., 2013). Although traditionally
considered to have homonomous appendages, recent work has
shown some artiopodans to displaying impressive limb
specialization (e.g. Stein et al, 2013; Chen et al., 2019; Schmidt
et al,, 2022). Non-trilobite artiopodans are known exclusively from
deposits preserving soft-tissues because of the lack of
biomineralized tissues, such as the Chengjiang (China), Burgess
Shale (Canada), Emu Bay Shale (Australia), and Great Basin (USA)
(e.g. Hou and Strom, 1997; Stein, 2011; Paterson et al., 2012; Stein
and Selden, 2012; Ortega-Hernandez et al., 2013; Hou et al., 2017;
Du et al, 2019; Lerosey-Aubril and Ortega-Hernandez, 2019;
Lerosey-Aubril et al., 2020; Schmidt et al., 2022; Zhu et al., 2023).

Retifacies Hou et al., 1989 is a large artiopodan euarthropod
known only from the Chengjiang biota (Cambrian Series 2, Stage 3)
(e.g. Hou et al,, 1989; Zhang et al.,, 2022). It is closely related to
Pycmaclypeatus daziensis Zhang et al. (2000), either in an early
diverging clade within Artiopoda or in a more derived position
within the trilobitomorphs (Schmidt et al., 2022). Originally two
species were described from the Chengjiang (Hou et al., 1989; Luo
et al, 1997). Luo et al. (1997) suggested the species Retifacies
longispinus Luo et al, 1997 based on the presence of a curved
caudal spine that projects out from underneath the pygidium, but
they later considered R. longispinus as a synonym of R. abnormalis.
R. longispinus Luo & Hu is now considered a junior synonym of the
type species R. abnormalis Hou et al., 1989 (Hou et al,, 2017; Zhang
et al,, 2022). Therefore, R. abnormalis remains the only known
species of this monospecific genus. Retifacies has a broadly elliptical
outline, comprising a semicircular cephalon, an articulating thorax
composed of 10 tergites, and a pygidium anterior to a
multisegmented tailspine (e.g. Hou et al, 1989; Zhang et al,
2022). Ventrally, the appendicular morphology is well known,
comprising four uniramous cephalic post-antennal appendages
followed by seven biramous limbs distributed across the thorax
and pygidium (Zhang et al,, 2022). The dorsal surface of the
exoskeleton displays a pronounced reticulated ornamentation
(Figures 1, 2) (Hou et al., 1989).

Retifacies is one of the rarest taxa in Chengjiang biota,
accounting for no more than 0.1% in specimen abundance (Zhao
et al,, 2010). Thirty years of excavation of the Chengjiang biota by
LELE (Shaanxi Key Laboratory of Early Life and Environments,
Northwest University, Xian, China) has led to a discovery of 109
specimens of Retifacies, which allow to the further analysis and
reinterpretation of these specimens. These specimens are of various
sizes and display different patterns of reticulation on the
exoskeleton which has not previously been investigated, and may
represent inter- or intraspecific variation.

Species is the basic unit of classification and a taxonomic rank of
an organism (Smith, 1998; De Queiroz, 2007). For paleontologists,
morphology differences are the ruler that divides species boundaries
(De Queiroz, 2007). We define the difference with the empirical basis
and observation of character states. But it is hard to describe exactly
how much difference is needed to distinguish two species. Within
artiopodans, the trilobite Dikelocephalus minnesotensis Owen, 1852
provides a comprehensive example of how interspecific differences
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can be misinterpreted as intraspecific, with up to 26 species erected in
1930 later synonymized to one (Labandeira and Hughes, 1994;
Hughes and Labandeira, 1995). Documentation and quantification
of intraspecific variation, which can result from changes during
ontogeny, sexual dimorphism, responses to environmental factors
leading to phenotypic differences are critical for stable systematic
schemes (Fusco and Minelli, 2010). Determining that such variation
is continuous, rather than discrete, is critical for inferring that it is
intraspecific rather than of broader taxonomic significance (e.g.
Labandeira and Hughes, 1994; Esteve and Zamora, 2014).
However, this can be complicated by different post-embryonic
growth modes in euarthropods. Broadly speaking, euarthropods
can be separated into three main growth modes: anamorphic,
where segments are added continuously; epimorphic, where no
segments are added; and hemianamorphic, where segments are
added up to a specific growth stage, after which no further
segments are added (e.g. Hughes et al, 2006; Minelli and Fusco,
2013). While morphological changes during ontogeny can occur in
animals following any of these three growth modes, anamorphic and
hemianamorphic growth modes introduce an additional likelihood
for incorrectly interpreting intraspecific variation and interspecific.
This is because the addition of segments can co-occur with other
changes to the morphology, such as a reduction in ornamentation,
increase in effacement, or changes to the lengths of spines or other
features. In this study we utilize morphometrical analysis on the
outline of the pygidium of Retifacies abnormalis individuals, as well as
the polygon ornamentation of the dorsal exoskeleton, to quantify
morphological variation within our sample. Our quantitative results
illustrate these features represent possible cases of developmental
variation, most likely due to the aging processes of the population,
rather than provide support for splitting into two discrete species.

2 Materials and methods
2.1 Material and observation

The material studied comprises 109 specimens of Retifacies
abnormalis, which are housed in the Museum of Northwest
University, China. The collection comes from three localities
(Jianshan, Erjie, and Sanjiezi), identified by the prefix “JS”, “EJ”
and “SJZ” respectively of the Chengjiang Lagerstitte.

Specimens are from the Yu’anshan Member of the Helinpu
Formation, Eoredlichia Zone, Stage 3, Series 2 of the Cambrian in
Yunnan, China (Zhang et al., 2001, 2008; Fu et al., 2011).
Chengjiang Biota inhabited a storm-flood-dominated delta with
dark, organic-rich mudstone of the hemipelagic deposits (Saleh et
al., 2022). Most the specimens were preserved with the
exoskeleton in dorsal view due to the flattened organization of
the body. Specimens were examined and photographed
illuminated by an LED lamp at a low angle to the sample plane
in order to enhance the relief of these highly compacted fossils.
Morphological descriptive terms follow those used in previous
studies about Retifacies (Hou and Strom, 1997; Hou et al., 2004,
2017; Zhang et al., 2022).
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FIGURE 1

The gross morphology of Retifacies abnormalis from the Cambrian Chengjiang biota, showing the differences of the reticulated ornamentation of
the dorsal exoskeleton in two morphs. (A, B) Morph A, representing by the specimen JS-840, and the line drawing; (C, D) Morph B, representing by
the specimen XDBZ-084, and the line drawing; (E, F) magnification of the trunk tergite 5 to 7 (T5-T7) in A and B, showing the differences in the
arrangement of the reticulated ornamentation; (G) the reconstruction of the reticulated ornamentation of one trunk tergite in Morph A, note that the
two rows arranged pattern, the anterior one is rectangular-shaped and extends to the anterior margin of the tergite; (H) reconstruction of the
ornamentation pattern of one trunk tergite in Morph B, which defined by the axial region with densely distributed rectangular ornamentation, and
the off axial region without ornamentation at the anterior region; note that the reduction and loosely arrangement of the anterior row of the

polygon ornaments.

2.2 Measurements and
morphometric analysis

Of the collection of 109 specimens reported here, only complete
specimens preserved parallel to the bedding plane in dorsoventral
aspect, and sufficiently well-preserved, were measured and used in
the morphometric analysis (79 specimens). Specimens were
separated in to two categories, labelled ‘Morph A’ and ‘Morph B’
based on differences in the reticulation (more details in Results
below). The violin plot (i.e., box plots made of Kernel density
distributions, see Figure 3) of the body length was performed with
Power BI visual tool Violin Plot 1.3.0 (Ma et al., 2023).
Measurements of the length (sag.) and width (trans.) of the
cephalon, thorax, pygidium and the total exoskeleton of two
morphs were compared in raw units (mm) and log form
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(Figure 4). The width of the thorax refers to the widest of the
thorax at the fourth and fifth tergite. Morph A is abundant,
represented by 29 complete specimens, and 72 incomplete
specimens (37 samples for cephalon, 35 samples for thorax, 57
samples for pygidium). Fewer Morph B specimens were recognized
(eight), all of which were measured. For the incomplete specimens
among these samples, we estimated the total length of the
exoskeleton based on measurable data, such as width, pygidium
length (ratio conversion with the average proportion measured
from the complete specimens). This was calculated from data of
complete Morph B specimens, using the relative lengths of the total
body, cephalon, thorax and pygidium. We used the ratio of length/
width as a proxy for cephalic, thoracic and pygidium shape.
Regression analysis was performed in Microsoft Excel
(see Figure 4).
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FIGURE 2

The dorsal view of the two morphogroups. (A-D) specimens representing Morph A; (A) SJZ-B02-001, the rectangular ornamentation preserved in
highly relief; (B) SJZ-B01-015, ornamentation depicted by the dark lines, pygidium completely decorated by polygons both in axial and side region;
(C-D) details of box in A and B, showing the two rows of the polygon ornamentations, note that the anterior row of the rectangular-shaped
ornaments reaches to posterior margin of articulating ridge; (E-1) specimens representing Morph B, showing the rectangular ornamentation of the
dorsal exoskeleton; (E) specimen JS822, a complete specimen showing the outline of the dorsal exoskeleton, the axial region of the trunk with
dense rectangular ornamentation, and the labrum; (F) magnification of box in E, showing the off axial region of the tergite, the posterior row of
polygon ornaments is similar to that of Morph A, while the anterior region of the tergite is relative smooth; (G) part of specimen SJZ-B14-019, note
that the central axis of the trunk tergite in Morph B is featured by densely distributed rectangular ornamentation; and shows a very clear pattern in
the off axial region: the anterior row of the polygon ornaments is reduced or loosely arranged, causing the anterior region of the tergite smoothly;
(H) the counterpart of specimen SJZ-B14-019, the central axis of the trunk in Morph B is characterized by the densely distributed polygon
ornaments; (I) magnification of the box in G, the detail of the cephalic shield showing the rectangular ornamentation of Morph B might be denser
than that of Morph A; note that paired ventral lateral eyes (ve, see arrow) located close to the anterior margin of the head shield. Scale bar: 10 mm.

The further comparison of the two morphs were carried on the
shape of the pygidium. A total of 25 intact specimens without
deformation were selected for geometric morphometric analyses, 23
Morph A, and 2 Morph B. All selected specimens were imaged in
dorsal view, and aligned. A total of 8 landmarks points were
digitized (Table 1) with the software tpsDig v2.16 (Rohlf, 2010).
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Landmark 1 is at anteriormost point of pygidium along midline and
other seven landmarks are established clockwise at the maximum
bending points along the marginal rim of the pygidium, two of them
are located on the posterior spines (Figure 5). The software tpsUtil
v1.44 was applied to transfer curves to landmarks. A generalized
Procrustes analysis (GPA) was performed using tpsRelw v1.49.
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FIGURE 3

Violin plot showing the distribution of the different parts of the body length in the collection of Retifacies abnormalis specimens. (A) Morph A, the
total length of the most specimens locates at 28-72 mm, the median/mean value is ca. 45 mm; Morph B, all of the four complete specimens are
larger than 59 mm, the largest one is reaching up to 146 mm, the mean value is ca. 91 mm; (B) the cephalic length of Morph A is concentrated in
the range of 4-12 mm, the mean value is ca. 6 mm, while that of the Morph B is in the range of 6-22 mm, the mean value is ca. 13 mm; (C) the

thoracic length refers to the total length of the ten tergites, the mean value of Morph A is ca. 27 mm, while the thoracic length of Morph B in five
complete specimens is more than 33 mm; (D) the pygidium length of Morph A ranges from 7 to 27 mm; the length of the most specimens locate
around 13 mm, which are shorter than that of all the Morph B specimens.
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FIGURE 4
Measurements of cephalon, thorax, pygidium and the total length of Retifacies abnormalis specimens in two morphs. (A) cephalic length, thoracic
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thoracic and pygidium shape. Blue and orange present Morph A and Morph B respectively.
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TABLE 1 Definitions of landmarks used in analysis (see Figure 5).

Landmark N Positon of Landmark N

Landmark 1 Anteriormost point of pygidium along midline
Landmark 2 Inflection point between landmark 1 and landmark 3
Landmark 3 Point furthest right on pygidium

Landmark 4 Inflection point between landmark 3 and landmark 5
Landmark 5 Posteriormost point of pygidium along midline
Landmark 6 Inflection point between landmark 5 and landmark 7
Landmark 7 Point furthest left on pygidium

Landmark 8 Inflection point between landmark 7 and landmark 1

Relative warp analysis (RWA) was carried out to analysis of within-
population morphometric variation based on landmark data (Rohlf,
1993). This is an well-established method in geometric
morphometrics for describing and discriminating between
organisms (Requieron et al, 2012). The morphometric data was
plotted by PAST v3.12 (Hammer, 2001).

Outline analysis was used to compare the shapes of polygons in
the reticulation of morphs A and B. This analysis was focused on the
posterior row of the ornament polygon on the fourth tergite, which
are similar in morphology between Morph A and Morph B.
Polygons were converted to black silhouettes on white
backgrounds using Inkscape, converted to.jpgs and imported into
the R environment using the Momocs package (Bonhomme et al.,
2014;”R Core”Team et al., 2022). These were then converted to
outlines, sampled at a 64 points resolution, scaled, centered, and
subjected to elliptical Fourier analysis. Results were visualized using
principal components analysis, and a Linear discriminant analysis

10.3389/fevo.2024.1336365

was then used to determine whether Morph A and Morph B could
be distinguished by the shape of polygons making up the
reticulation patterns.

3 Results

3.1 Description of the dorsal exoskeleton
of Retifacies abnormalis, with the
difference of the reticulated ornamentation
in Morph A and Morph B

Individuals varied in body size, from 28 mm to 146 mm in
length, representing different growth stages. The dorsal side of the
exoskeleton is heavily ornamented with a reticulated pattern
consisting mostly of pentagon and hexagon polygons. We
recognized two different morph groups (Morph A and Morph B)
in our collection, defined by the different pattern of
ornamentation (Figure 1).

The following features were used to distinguish Morph A and
Morph B in our collection: 1) the trunk has a poorly defined
raised axial region without furrows in both morphs, however the
arrangement of reticulated ornamentation is different. The axial
region of Morph A shows the same pattern of ornamentation to
the off axial region (Figures 2C, D), while the axial region of
Morph B bears polygons which are smaller in size and more
densely distributed (Figure 2G); 2) there are two rows of the
ornament polygon in both morphs, in which the posterior row
shows similar in outlines (Figure 1); In Morph A, the anterior
one is rectangular-shaped and extends to the anterior margin of
the tergite (Figure 1E); In Morph B, the anterior row of the
polygon ornaments is reduced or loosely arranged (Figure 1F);
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-0.02 1
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Morphogroup B

Landmark-based geometric morphometric analysis of the outline of the pygidium in two morphs of Retifacies abnormalis. Specimens preserved in
dorsal view, with 8 landmarks along the pygidium outline. Blue point representing samples of Morph A, orange points representing Morph B; note
that the orange points fall within the shadow formed by the blue points, indicating that there are no clear difference between Morph A and B in

outline of pygidium. Scale bar: 10 mm.
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3) the margin of the pygidium is smooth, without any
ornamentation in Morph B (Figure 1C); 4) the reticulated
ornamentation of the head shield arranged more densely in
Morph B (Figures 2H, I).These differences are summarized
in Table 2.

3.2 Morphometric analyses of the outline
of the dorsal exoskeleton in two
morphogroups of Retifacies abnormalis

To determine whether there are significant morphological
differences between the two morphogroups, we used the violin
plot showing the distribution of the different parts of the body
length of all the complete specimens. The total length of the
specimens in Morph A arranges from 28 mm to 80 mm, the
median/mean value is ca. 45 mm; while the four complete
specimens are larger than 59 mm, the largest one is 146 mm, the
mean value is ca. 91 mm (Figure 3). The cephalic length of Morph A
is concentrated in the range of 4-12 mm, while that of the Morph B
occupies a wider space, from 6 mm to 22 mm. The thoracic length
refers to the total length of the ten tergites, five complete specimens
of Morph B could reach to 86 mm long (mean value ca. 48 mm),
whereas specimens of Morph A are only 47mm (mean value ca. 27
mm). A similar situation occurs in the measurement of the
pygidium length, with Morph B is larger than Morph A. For
visual comparison, the data were made into scatter plots and
regression were fitted (Figures 4A, B). The scattered points
representing the cephalon shows a certain degree of dispersion,
while thorax and pygidium data are relatively clustered.
Comparison of cephalic, thoracic, pygidial and total-length
measurements and regression analyses show that Morph B
specimens are large compared to the whole population, but show
similar ratios between these measurements as Morph A specimens.
We also used the logarithmic function to explore the differences

TABLE 2 Summary of criteria used to separate material into Morph A
and Morph B.

Morph A Morph B

Polygons are smaller and

o i more densely distributed
Distribution of thoracic . R K
. } Same ornamentation on axial region

ornamentation on axial K i
R on both axial region Polygons do not
region and off- i >
- . and off-axial region compeletely cover the
axial region R K .
anterior margin of tergite

on off-axial region

Shape of anterior row(s) Rectangular shaped

Reduced or loosely

of thoracic polygons extend to

. . arranged nearly square
polygonal anterior margin .

. . polygonal ornamentation

ornamentation of tergite
Distribution of
pygidium Displays Smooth,
ornamentation on ornamentation lacking ornamentation
anterior margin
Distribution of
ornamentation on the Less dense More dense

head shield
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between the two morphs. The results of no cluster separation
exclude the possibility for splitting into two discrete
species (Figure 4C).

Geometric morphometrics analysis was used to determine
whether there are morphological differences in the pygidium of
the two morphs (Figure 5). 25 complete and undeformed pygidia
(Selected from 77 specimens with pygidia) were used for relative
warp analysis (RWA) (Bookstein, 1989; Bookstein et al., 1991). The
blue points represent specimens assigned to Morph A (23
specimens) and the red points represent specimens with assigned
to Morph B (2 specimens) (Figure 5). The first identified warp score
(RW1) accounts for 45.49% of the total morphological variance,
followed by 19.93% for RW2. The first two RWs jointly account for
65.83% of the total variance. RW1 and RW2 scores mainly concern
the radio of length (sag.) and width (trans.) of pygidium. A larger H/
W (height/width) value will get a higher RW1 score and a lower
RW2. A smaller H/W (height/width) value, results in a lower RW1
and a bigger RW2 score. Results show no variations in shapes
between specimens with different ornamentation patterns
(Figure 5). The relative warp analysis indicates that the pygidium
shape of the two morphs overlaps, and that pygidium shape cannot
be used to discriminate two species.

3.3 Morphometric analyses of ornament
polygons in two morphogroups of
Retifacies abnormalis

Morphometric analysis comparing the outline shapes of the
posterior row of ornament polygons of specimens assigned as
morphogroups A and B in R. abnormalis did not discriminate
two distinct groups. The result of visualization in PCA space shows
that while the extremes of the polygons differ between the morphs,
occupation of the morphospace shows broad overlap between
morph A and B (Figure 6A). The distributions of morphs A and
B across PC2 and PC3 are broadly similar, however more Morph A
specimens tend to have more negative PC1 values, and more Morph
B specimens more positive values (Figures 6A, B). Linear
Discriminant Analysis could also not separate the groups
(Figure 6C). These results show overlapping distributions of the
two morphs (Figures 6A-C), with some differences in the density in
negative/positive areas of PC1.

4 Discussion

The pronounced reticulated ornamentation on the dorsal
exoskeleton in Retifacies abnormalis (Figure 7) might be
interpreted as a feature compromising between weight and
strength of the exoskeleton, as suggested for Tuzoia Walcott, 1912
(Vannier et al, 2007). In other arthropods similar reticulation
patterns have been suggested to have performed a hydrodynamic
function in facilitating locomotion or retarding sinking (Vannier
and Chen, 2000; Vannier et al., 2007), though for a dorso-ventrally
flattened benthic arthropod such as Retifacies the latter seems an
unlikely function.
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FIGURE 6

Results of the elliptical Fourier analyses, comparing the outline
shapes of the posterior row of ornament polygons of Morphs A and
B in Retifacies abnormalis. (A, B) a visualisation in PCA space,
showing overlap between Morphs A and B along PC1, PC2, and PC3;
(C) the linear discriminant analysis, showing the overlap between the
shapes of Morphs A and B along the linear discriminant, and thus
that the two cannot be clearly separated

Variation in the reticulation of Retifacies abnormalis could
indicate interspecific variation within a genus (e.g. Cronier, 2010;
Mayers et al, 2019; Lei et al, 2023), change during ontogeny
(e.g. Esteve, 2012; Fu et al, 2014), sexual dimorphism (Fu et al.,
2014), a response to external environmental factors (Jackson and
Budd, 2017), or a combination of these factors. Different patterns in
the morphometric size analyses are expected for each of these
possibilities, allowing for comparison between them.

If the two morphs represent distinct, but closely related species,
non-overlapping patterns in the reticulation, outline morphology,
and distinct morphological characters would be expected. The
overlap in morphospace of both polygon shape in the reticulation
and shape of the pygidium (Figures 5, 6) support the interpretation
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Morphogroup B

FIGURE 7

Reconstructions of endmembers, Morph A and Morph B, showing
the morphological differences of the polygon ornamentation of the
dorsal exoskeleton

that these specimens represent a single species with intraspecific
variation, rather than two separate species. Morphometric analyses
on other artiopodans, such as the trilobite Eccaparadoxides Snajdr,
1957, have indicated that some qualitative differences in
morphology can be shown to represent a continuum, leading to
material previously thought to represent multiple species being
recognized as a single taxon (e.g. Esteve, 2012). Similarly, the two
morphs most likely do not represent a result of phenotypic plasticity
in response to different environments, since the two morph
specimens are found across three localities.

The reticulation pattern assigned to Morph B is restricted to
larger specimens (at least 59 mm length), while the Morph A
pattern is found across a broad range of specimen sizes (28 - 80
mm). This indicates an ontogenetic change that takes place in some
individuals, when they reach ~55 mm long, involving a gradual shift
in the polygon pattern - the reticulation pattern tends to no longer
cover the entire exoskeleton. This change can be interpreted as
gradual rather than abrupt as the polygon shapes of specimens
attributed to Morph A and Morph B overlap - they do not form two
distinct clusters and cannot be separated by Linear discriminant
analysis. Rectangular polygons reduced in size, coverage, and
altered in shape to become squarer in some larger specimens.
Crucially, some large specimens remain as Morph A, with
prominent rectangular polygonal ornament, showing gradually
changes of the ornamentation of the two morphogroups.

Multiple explanations can be offered for these ontogenetic
changes. For example, sculpture patterns change throughout the
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lifecycle of trilobites, with spines becoming less prominent (Hopkins
and Webster, 2009), but might also reflect the onset of sexual maturity
(e.g. Cederstrom et al, 2011). The continuum of polygon shapes
across Morph A and B (Figure 6) suggests that this change might have
taken place over multiple growth stages, rather than occurring in a
single molt as in other secondary sexual characters (Drago et al., 2011;
Akkari et al,, 2014). Sexual dimorphism is particularly difficult to
recognize in the fossil record because of the challenges associated with
demonstrating that the morphs represents a single species with
distinct characters between male and female. Males of the trilobite
Olenoides serratus Rominger, 1887 have been shown to display
specialized claspers used during mating (Losso and Ortega-
Hernandez, 2022). Size differences within a species have also been
suggested to represent sexual dimorphism (Hu, 1971; but see Hughes
and Fortey, 1995). In other trilobites, inflated glabellar fields have been
interpreted as brood pouches, and as an indicator for sexual
dimorphism (Fortey and Hughes, 1998) while in raphiorid trilobites
medial cephalic protuberances have been suggested to be the result of
sexual dimorphism (Knell and Fortey, 2005). The ornamentation
would not have played a primary role such as clasping or brood
care in Retifacies. Similarly, reticulation cannot be argued to have
played a secondary sexual role such as display, as it reduced in Morph
B, rather than increasing as expected for secondary sexual characters
such as the protuberances of raphiorids (Knell and Fortey, 2005).

Our study demonstrated that the sculpture covering and the
body size was negatively correlated in Retifacies, that is the larger
individuals bearing the less decoration. The ontogenetic decreases
in the decoration also observed in some euarthropods, for example,
majoid crabs (Hultgren and Stachowicz, 2009). Decrease in
reticulation pattern may be a resource-saving strategy of
Retifacies, because of the lowered adaptive value of dense
decoration for larger individuals that have reached a size refuge
from predation (Berke and Woodin, 2008; Hopkins and Webster,
2009), or a reduction in the need for a carapace that combines
lightness and weight balance the reticulation pattern structure
could provided.
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