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Trilobites are among the most iconic of fossils and formed a prominent component
of marine ecosystems during most of their 270-million-year-long history from the
early Cambrian period to the end Permian period’. More than 20,000 species have
beendescribed to date, with presumed lifestyles ranging from infaunal burrowing

toaplanktonic life in the water column? Inferred trophic roles range from detritivores
to predators, but all are based on indirect evidence such as body and gut morphology,
modes of preservation and attributed feeding traces; no trilobite specimen with
internal gut contents has been described**. Here we present the complete and fully
itemized gut contents of an Ordovician trilobite, Bohemolichas incola, preserved
three-dimensionally in asiliceous nodule and visualized by synchrotron
microtomography. The tightly packed, almost continuous gut fill comprises partly
fragmented calcareous shells indicating high feeding intensity. The lack of dissolution
ofthe shellsimplies a neutral or alkaline environment along the entire length of the
intestine supporting digestive enzymes comparable to those in modern crustaceans
or chelicerates. Scavengers burrowing into the trilobite carcase targeted soft tissues
below the glabella but avoided the gut, suggesting noxious conditions and possibly
ongoing enzymatic activity.

Siliceous nodules, nicknamed ‘Rokycany Balls’, weather out of shales of
the Sarka Formation (Darriwilian, Middle Ordovician, approximately
465 million years ago (Ma)) of the Prague Basin, Czech Republic* and
provide abundant well-preserved three-dimensional (3D) fossils with-
out secondary deformation due to their very early diagenetic origin
(Supplementary Information). One was found to contain a complete
specimen of the infrequent trilobite Bohemolichas incola with
preserved gut contentvisible in the exfoliated parts of the thoracic axis
and occipital ring (Fig. 1a). This specimen was selected for investigation
by propagation phase-contrast synchrotron microtomography
(PPC-SRuCT) at the European Synchrotron Radiation Facility (ESRF)
inGrenoble, France (Extended Data Table1). The specimen comprises
an almost undisturbed, articulated exoskeleton. Only the librigenae
are dislocated laterally to the left (Fig. 1b and Extended Data Fig. 1)
and the almost in situ conterminant” hypostome is slightly displaced
below the glabella (Fig. 1c and Extended Data Fig. 1b). In lateral view,
the sixthsegment of the thorax is markedly deflected from the normal
position causing a slight vaulting of the central portion of the thorax
(Fig.1d and Extended Data Fig. 1c).

Gut contents

Small fossils and fragments of shells are densely distributed exclu-
sively along the exoskeletal axial lobe reflecting an almost continual
infill of the digestive tract (Figs. 1cand 2a, Extended Data Fig.1a,band

Supplementary Fig. 1). The largest concentration is situated in the
cephalicregionbetween the glabellaand the hypostome where it forms
anarc connecting two wide clusters, one pressed to the hypostome and
the other close to the surface of the central and posterior parts of the
glabella (Fig. 3a-d and Extended Data Figs. 1d,e and 2). The clusters
are confined within the vaulted regions of the glabellaand hypostome.
The displacement of the hypostome deformed the space below the
glabella, affecting the proximal part of the infilled digestive tract, which
is compressed and shifted (Extended Data Fig. 3). A linear accumula-
tion of shell remains along the midline of the thoracic and pygidial
axes, pressed to the ventral side of the vaulted axis, is dorsoventrally
flattened resulting in an oval cross-section (Fig. 2a). This postcephalic
accumulation is almost continuous, though three indistinct clusters
canbe discerned (Extended DataFig. 1a,b).

The most abundant determinable elements of the digestive tract infill
are ostracods (Fig. 2b) characterized by atypical shape of the margin,
vaulting of valves and occasional surface ornamentation. Although
fragments dominate, several complete valves (Fig. 2e and Extended
DataFig.4), randomly distributed along the entire digestive tract, can
beidentified as different early instars of Conchoprimitia osekensis®. One
hyolith conch near the posterior end of the accumulation represents
most likely the genus Elegantilites withamoderate vaulting of the dorsal
side, becoming steeper laterally, and a slightly convex ventral side in
cross-section (Fig.2d). Afragment of a hyolithid operculumwith typical
cardinal processes is also present (Fig. 2d).
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Fig.1|Bohemolichasincola (Barrande, 1872). a, Internal mould of specimen
(inventory no. 8) in the nodule (coated withammonium chloride). b-d, Scan
model of the same specimenin dorsal (b), ventral (c) and left lateral (d) view.
Exoskeletonincream, hypostomein gold, digestive tract contentsin shades of

Remains belonging most likely to a stylophoran echinoderm are
scattered through the anterior part of the digestive tract and occur
in the cephalic clusters and the anterior cluster in the gut. Flat plates
with aregular dense reticulation on their surfaces, some very thin with
asieve-like perforation by circular pores, apparently represent central
plates (Fig. 2c and Extended Data Fig. 5). Accompanying girder-like
or vertebra-like plates, which are more complex and massive, can be
identified as marginal plates (Fig. 2b and Extended Data Fig. 5a-c).
Thedifferenceinrobustness and resistance was apparently the reason
the central plates are fragmented while the marginals are complete.
The association of central and marginal plates probably represents a
single small disintegrated individual of this echinoderm, implying that
thetrilobite consumed at least one half of the digestive tract contentin
oneplaceandtime, thusindicating afast-occasional feeding behaviour.
Large fragments of thin-walled shells, most probably bivalves, occur
predominantly in the glabellar cluster and two posterior clusters
in the gut (Fig. 2b). Indeterminable shell fragments show a regular
distribution along the gut (Fig. 2b).

Reconstructing the digestive tract

Inferred from its preserved content, the digestive tract was spacious,
andtheintestine had a wide diameter. The accumulations of ingested
shellsinthe cephalic region form two ventriculi positioned dorsoven-
trally above each other between the hypostome and glabella (Fig. 3
and Extended Data Figs. 1e, 2 and 3). This part of the digestive tract
represents the foregut composed of a two-chamber stomach (crop).
Based on the extent of the clusters of shell fragments, the dorsal
(‘glabellar’) ventriculus was larger than the ventral (‘hypostomal’).
The dorsal ventriculus is located in the central and posterior parts of
glabella (Fig.3b and Extended Data Fig. 2); the ventral ventriculus was
secondarily shifted but its original position can be inferred as more
antero-ventralinrelation to the dorsal ventriculus. The ventriculiwere
interconnected anteriorly by a bent segment. Secondarily, the con-
necting segment was dislocated to the left and the originally sack-like
ventriculi were taphonomically flattened, resulting in a horizontal,
U-shaped transverse cross-section of the foregut. Posterior to the dorsal
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redandblue. Thered dotted line indicates an anomalous position of segments
five and six. Voxel size, 11.35 um (applies for all figures and extended data).
Scalebar,10 mm.

ventriculus, the digestive tract became slightly narrower, indicating
the midgut comprising ashort segment below the occipital ring at the
posterior edge of the cephalon and first two pleural rings. The width of
theintestine decreases considerably below the ring of the third thoracic
segment, probably indicating the beginning of the hindgut (Fig. 2a
and Extended Data Fig. 1a). The last gut infill fragments are located in
the middle (sagittal) part of the pygidial axis, which locates the anus
behind the axial lobe termination (Fig. 1c).

Besides the lobate glabella, another indication of the considerable
volume of the foregut is the original life position of the hypostome,
asreconstructed from 3D models by fitting the corresponding edges,
forming a vaulted ventral chamber of the cephalon and a bulbous
space of the axial cephalic lobe (Fig. 5 and Extended Data Fig. 6b).
The locomotory appendages (endopods) of the trilobite must
have been long and sturdy enough to raise the vaulted ventral side
of the body off the substrate while moving. Such long locomotory
endopods have been recorded in some exceptionally preserved
Ordovician trilobites’.

Atwo-chambered ventriculus isknownin extant arthropods. Deca-
pod crustaceans possess a so-called gastric mill, composed of solid
circular teeth, situated in the narrowing separating the cardiac and
pyloricstomach'™. In the extant horseshoe crab, asimilar configuration
is observed, composed of a ventral proventriculus (crop) for storing
food items, followed by a ventriculus (gizzard) for mechanical grind-
ing of food items with hard shells". The presence of such a grinding
apparatusinB.incolawas tested by comparing the relative size of frag-
mentsinbothventriculiand the gut. However, the results of the analysis
show a statistically insignificant difference (Supplementary Table 1).
The ventral ventricular chamber of B.incola could represent a collecting
space foringested material beforeits passage into the dorsal chamber
and gut for final digestion without subsequent grinding.

Blurry aggregates of porous and grainy matter occur very frequently
in the nodules of the Sarka Formation, usually associated with body
fossils and ichnofossils. The position and extent of this material allow
us to interpret it as a diagenetic product of substances produced by
tissue decay™. Informally referred to as ‘crumble’, after its appearance,
it providesimportant cluesto the position, size and morphology of the



Dorsal view Left view

Fig.2|Digestive tract content composition. a, Scanmodel of the full digestive
tractinfill. b, Digestive tractinfill separated by contentinseries of dorsal

views (stylophoran marginal plates inyellow, stylophoran central platesin red).
¢, Detail of stylophoran echinoderm central plates. d, Detail of hyolithid conch

softbody parts buried with the exoskeleton. In the thorax of our speci-
men, the ‘crumble’ is limited to the axial part reflecting the decaying
tissue of the gut (Fig. 4cand Extended Data Figs.2-3 and 7-9). However,
below the occipital ring at the posterior edge of the cephalon and two
adjacent thoracic anterior axial rings, it spreads into lobe-like exten-
sions connected directly to the gut. These are indications of digestive
caecae (or diverticula), of which there are typically three pairsin the
anterior midgut of lichid trilobites® (Fig. 4c,d). Remains of laterally
extended ‘crumble’are visible in other axial rings along the entire length
of the thorax, possibly representing traces of midgut glands or other
less extensive diverticula (Extended Data Fig. 8a,b). The almost entirely
filled digestive tract combined with the ‘crumble’ reflects its simple
J-like shape and allows the tract to be reconstructed (Fig. 5).

Feeding strategy

The studied specimen of B. incola represents a specific feeding adap-
tation on organic remains including shells and has, so far, no paral-
lel either in the coeval fossil communities or among the trilobites.
Allidentified fragments inside the digestive system belong to benthic
invertebrates possessing calcium carbonate shells (Fig. 2). They are
represented by small taxa (ostracods), small specimens of taxa produc-
inglarger individuals (hyoliths), fragments of larger, thin-walled shells
(probably bivalves), or specimens composed of small elements that
easilybecomedisintegrated (echinoderm plates). The diet composition
indicates alimited ability of the trilobite to break firm or robust inor-
ganicshells, based on the absence of an assemblage of fragmentsin the
intestine that canbe securely identified as crushed pieces originating

Right view Ventral view  Stylophoran

c d

Hyoliths  Ostracods ? Bivalves Undeterminable

e

inlateral view (top), cross-section (bottom left) and a fragment of hyolithid
operculumwith cardinal processes indifferent views (bottomright). e, Detail
of ostracod shells.Scale bars,1 mm (a,b), 500 pm (c-e).

from a single shell. This aligns with the sclerotised nature of trilobite
gnathobases that were used for food processing/mastication (although
some trilobites, for example, Redlichia, are considered shell crushers
based on the presence of reinforced gnathobasic spines'). Generally,
the more fragile thin-shelled elements are fragmented, whereas the
solid elements are complete. The size range of vertebra-like marginal
plates of stylophoransindicates a preference for small ingestible solid
elements (Fig. 2b and Extended Data Fig. 5). This feeding mode is com-
parable to extant xiposurid chelicerates" in many aspects, especially
considering the incorporation of gnathobases®.

Animals feeding by crushing shells, so-called durophagous preda-
tion, have aspecial positionin ecosystems. Durophagy requires special
morphological adaptations in the mouth region or appendages that
provide the organismwith the necessary biting force to overcome the
physical limitations of hard tissues™. The primary aimis to crush open
the shell or exoskeleton, to reach the soft, digestible tissues. The inges-
tion of shell fragments is undesirable and usually occurs in small quan-
tities. The continuous accumulation of hard particles throughout the
intestine of B. incola reflects a different feeding strategy (in comparison
toref.17). The studied trilobite was polyphagous with alow degree of
food particle preference in their positive frequency-dependent pro-
portion’®, which means that the food selection was based on size and
shell resistance rather than taxonomical composition. By contrast,
durophages usually specialize on a limited variety of shelly animals.
The non-selective feeding behaviour of B. incola suggests that it was
predominantly an opportunistic scavenger, because predatory arthro-
pods are usually selective in their diet preferences®*. In summary,
B. incola can be considered as a light crusher and chance feeder
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Fig.3|Details of contentsinthe anterior digestive tract.a-e, Anterior
oblique view of the head region: ventriculi (a); with transparent exoskeleton
and hypostome (b); with hypostome (c); with hypostome transparent (d); with

hoovering up dead or living animals that were either easily disinte-
grated or small enough to be swallowed whole.

Food processing and digestive physiology

Digestion of food comprising organic tissues swallowed along with the
associated inorganic shellsis highly specialized and requires particular
adaptationsbut offers afood supply with limited competition. Certain
peculiarities of the dorsal exoskeleton of B. incola and other lichid
trilobites may represent adaptations to accommodate an enlarged
and specialized digestive tract. These include the distinctive glabel-
lar morphology, with an inflated, often dorsally strongly vaulted and
anteriorly expanded frontal glabellar lobe and aunique configuration of
the other glabellar lobes (Fig. 1b; compare with a different morphology
related to a dissimilar digestive tract in a dalmanitid trilobite®). The
hypostome of B. incola is relatively flat, only with a slightly protuber-
ant antero-central region (Extended Data Fig. 6a). However, its tilted
life position (Fig. 5 and Extended Data Fig. 6b) expanded the space for
the two-chambered ventriculus associated with musculature while
coveringand protecting the foregut. The blunt end of the pygidial axis
(Fig. 1b,d), frequently occurring in lichid trilobites* may represent a
further adaptation, allowing the passage of large undigested particles
throughthe anal opening, including the necessary space for extensor
muscles.

Adequate enzymatic support, such as a hepatopancreas and other
digestive glands?, is required for efficient energy extraction froma
diet rich in indigestible fragments®. The lobate regions on the sides
of the glabella (for example, specific bullar lobes; Fig. 1b), unknown
in other trilobite groups?, probably housed such glands, as they are
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Axial lobe
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Ve

Eye

Glabella

hypostome and ‘crumble’ (e). f, Posterior oblique view of the head region,
hypostome transparent. Colour codingasinFig.1, ‘crumble’indark green;
labellinginaand b for orientation. Scale bars,1 mm.

close to the stomach and the anterior midgut?. External organs for
manipulation and mechanical grinding of inorganic shelly material
must also have been present. Gnathobases are known to have been
used for this purpose in trilobites*. In addition, the morphology of
the relatively robust hypostome (Extended Data Fig. 6a) suggests its
possible participationin food processing, as afunctional analogue to
the gastric mill or gizzard of extant arthropods. In thisinterpretation,
the wide, double-walled posterior margin of the hypostome would
have operated as a cutting edge, with the inward midline curvature
forming an efficient crusher. Even the prominent rough sculpture of
the hypostome could have been used in food processing?. However,
the associated limb specializations required for this functional inter-
pretation have not been fully demonstrated®.

The clusters of shell fragments below the axis are distributed in
indistinct faecal pellets produced by peristalsisinthe gut. They are long
(uptofivethoracic segments) and their widthindicates that the gut had
alarge diameter or was extensible (Fig.2aand Extended DataFig.1a,b).
Adisordered orientation of the shells or fragments of anisotropic shapes
indicates the presence and essential role of a cover of the large pellets,
suchasaperitrophic membrane, protecting theinner surface of the gut.

The presence of undissolved sharp-edged calcareous shells in all
parts of the gut shows that the digestive tract had an alkaline or almost
pH-neutralinner environment; inanacid environment the shellsinthe
posterior part of the gut would have become noticeably etched. This
was functionally important because the dissolution of alarge amount
of calcareous shells in an acid-gut environment would lead to anion
imbalance of the organism and could cause a high concentration of
extracellular Ca®* (hypercalcaemia). This unusual piece of evidence has
far-reachingimplications for the digestive physiology of the trilobite,
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Fig.4|Associated ichnofossils. a,b, Distribution of trace fossils in right lateral
view with hypostome (a) and transparent exoskeleton (b). ¢, Ventral view with
‘crumble’. d-f, Details of head regionin left lateral (d); ventral (e) and oblique

asdigestive enzymes are highly pH specific. Acomparison with extant
arthropods, important for anchoring the palaeophysiological inter-
pretation in real biological systems, proves surprisingly challenging.
The digestive tract of recent arthropods has been studied in detail with
respect to its morphology, anatomy, food content, enzymatic pro-
cesses and other features (for example, for decapod crustaceans?%°).
However, thereare unexpectedly few dataonthe pHvaluesand dynamics
inside their digestive tract, even though they directly influence all the
mentioned characteristics. The discussion therefore has to be limited
to afew model organisms.

Relevant data exist for the mud crab (Scylla serrata and related
taxa) because of its economic importance, and the horseshoe crab
(Limulus polyphemus and related taxa) because of its biomedical
importance. As decapod crustaceans and chelicerates respectively,
they bracket both major lineages within the euarthropod crown
group?. Trilobites are generally agreed to fall within this bracket?.
The gut pH is usually measured indirectly through the optimum
enzyme activity and depends on the stage of digestive processes.
Scylla®**' and Limulus™*** both show similar gut pH values ranging
fromslightly acid to alkaline, with a nearly neutral optimum, allow-
ing them to digest a wide range of food items. The compatibility of
these datawith the inferred gut pH of Bohemolichas suggests that a
near-neutral pH may be ancestral for the euarthropod crown group
asawhole.

Different stages of digestive tract infill by food and other particles
wererecorded inmud crabs, ranging froman empty toagorged intes-
tine®, which can partly be a seasonal factor***, However, the moulting
of arthropodsis often preceded by a preparatory phase when the diges-
tive tract is swollen and expanded to press on the internal organs, to

Tangle of
burrows

Hypostome

Librigena

\\Detached

part of eye

ventrolateral (f) views. Colour coding asin Fig. 1, trace fossilsinbrown,
exoskeleton and hypostome transparent. Scale bars, 5 mm (a-c),1 mm (d-f).

push offthe carapace. The digestive tract is often filled by air and/or by
water (see summary by Ayali**). The studied trilobite specimen displays
ananomalous position of the fifth and sixth thoracic segments, aslight
vaulting of the central part of the thorax and partly loose librigenae,
corresponding to an exuvial configuration documented in detail in
other trilobite groups*?¢. The combination of these features with
the gorged digestive tract may be interpreted as apremoulting phase
initiated by rupture inside the thorax through an expanded intestine.
We suggest that the feeding behaviour of the trilobite may have resem-
bled the corresponding life cycles of modern crustaceans: most of
time, the intestine was empty or moderately filled, with occasional
and swift overfeeding actions linked to specialized physiological
requirements®.

Postmortem events

The exceptional preservation of the specimen reflects its unusual
taphonomic history. As mentioned in the Introduction, the siliceous
nodules from the Sarka Formation appear to have formed through very
early diagenesis at ashallow depthin the sediment®*, resulting in this
instance in the trilobite being encased in hardened sediment before
its soft tissues fully decayed. The specimen was buried shortly before
or after death, lying on its back. Minor postmortem deformation is
manifested by the hypostome and gut displacements (Supplemen-
tary Information). The hypostome was originally connected to the
antero-ventral side of the cephalon with a ligament. This tissue was
stretched and torn due to the hypostome dislocation as clearly marked
by athin, discontinuous layer of ‘crumble’ (Fig. 4e,fand Extended Data
Figs.7-9).
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Fig.5|Reconstruction of the digestive tract of Bohemolichasincola. a, In
ventral view. b,c, Leftlateral view of scan model of exoskeleton with hypostome
reconstructed inlife position (b) and reconstruction of the digestive tract (c).

After burial in the sediment, but before the nodule formed, the
trilobite was subjected to scavengers that produced slender verti-
cal burrows extending down from the then-sediment surface to the
carcase (Fig. 4 and Extended Data Figs. 7-9). The burrows are essen-
tially identical in size and characteristics, pointing to identical pro-
ducers. The distribution of burrows indicates not only the preferred
targets but also areas that were strictly avoided (Fig. 4 and Extended
Data Figs. 7-9). In other specimens from the Sarka Formation nod-
ules, scavenging activity is often related to the ‘crumble’ representing
decaying tissues™, but that is not the case here. There was no feed-
ing activity in the thorax or the pygidium. The only area of intensive
feedingisindicated by atangle of traces in the lobate anterior part
of the glabella, in front of the cephalic food clusters representing
the ventriculi (Fig. 4d and Extended Data Figs. 8e and 9). Here, an
individual reaching the cephalic region found and systematically
scoured a nutrient target. It is noteworthy that these burrows are
situated anterior to the digestive system, outside the massive ‘crum-
ble’, reflecting the decaying digestive tract. The cluster is situated
inside the glabellar lobe cavity in the space between the stretched
hypostomal ligament and the anterior part of the ventriculi, where
it touches both structures but does not go through or inside them
respectively (Fig. 4f and Extended Data Figs. 8e and 9a); it may have
targeted glandular tissue. The digestive tract had a high potential to
be consumed®, but the trace makers entirely avoided the digestive
system and targeted neither the intestine content nor the decaying
tissue of the digestive tract (Extended Data Fig. 8a,b). This avoid-
ance strongly suggests inhospitable conditions, possibly involving
residual enzymatic activity throughout the entire tract. The distinct
selectivity of targets by the scavengers and the lack of exit tracks
directly support the model suggesting a rapid formation of the Sarka
Formation nodules®.
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Conclusion

The described specimen of Bohemolichas provides by far the most
detailed source of information to date concerning the diet and the
feeding mode of trilobites. This information includes indirect but
robust evidence for a high-pH gut environment, aligning Bohemoli-
chas with extant crustaceans and xiphosurans, and suggesting that
such a digestive physiology may be primitive for the euarthropod
crown group. It appears to have been an indiscriminate feeder on
small, shelly, benthicinvertebrates, mostlikely by scavenging rather
than active hunting. Bohemolichas gives a unique glimpse of therole
of lichid trilobites in an Ordovician marine ecosystem and provides
evidence for the great antiquity of pH-neutral digestive physiology
inarthropods.
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Methods

The specimen was scanned using PPC-SRuCT at the ID19 beamline
of the ESRF in Grenoble, France, as a part of the proposal ES673
(for scan parameters see Extended Data Table 1). The reconstructed
volumes were converted into stacks of 16-bit TIFF images. The scan
data with voxel size of 11.35 pm were segmented in Mimics Research
19.0 (Materialise) software. Rendering was done in Blender 2.79b on
black background which enhances the 3D quality of the images. The
3D pdfwas created in Materialise 3-matic 16.0.

Reporting summary
Furtherinformation onresearch designisavailablein the Nature Port-
folio Reporting Summary linked to this article.

Data availability

Synchrotron data are available at https://doi.org/10.5281/zenodo.
8255969.
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Extended DataFig.1|Bohemolichasincola (Barrande, 1872).a, Scan model Position of the sectionsindicated on the scan models by red lines. Colour
ofexoskeletoninventral view with digestive tract contents; b, and hypostome. codingasinFig.1. (applies for all Extended Data figures). Scale bars 10 mm.
c,Rightlateral view.d, Sagittal section; e-g, transverse sections fromthe scan.
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Extended DataFig.2|Scan model of the anterior part of the digestive tractinfill with exoskeleton. a1, obliqueright lateroventral view; a2, with ‘crumble’;
a3, and associated trace fossils. bl, in oblique ventral view; b2, with ‘crumble’. ¢, Inright lateroventral view with ‘crumble’. Scale bars1 mm.



Extended DataFig. 3 |Scan model of the anterior part of the digestive tract ventrolateral view with transparent hypostome; ¢2, with tractinfill contents;
infill on transparent exoskeleton. a, ‘Crumble’ and trace fossilsinobliqueleft ~ ¢3,and‘crumble’.dl, In oblique right ventrolateral view with transparent
ventrolateral view; b, in oblique right ventrolateral view. c1, In oblique left hypostome; d2, with tractinfill contents; d3, and ‘crumble’. Scale bars1 mm.
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Extended DataFig. 4 |Fragments of ostracod shells. a, within the whole digestive tractin left lateral view. b-e, details of ostracod shells. Scale barsina-c1mm,
ind-e100 pm.



Extended DataFig.5|Fragments of stylophoran echinoderm plates. (Red - c,Detail of head areain ventral view (anterior to the left). d, Detail of central
central; orange - marginal) a, Within the whole digestive tractin left lateral plates.Scalebars1mm.
view. b, Detail of central part of the tract in ventral view (anterior to the left).
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Extended DataFig. 6 |Scanmodel of hypostome. al, ventral; a2, dorsal; a3, inlife position (made by positioning the scan model of the hypostome on
leftlateral; a4, right lateral; a5, anterior; a6, posterior; a7, oblique posterodorsal;  the exoskeletonin virtual space; verified using 3D printouts) in ventral;
a8, oblique anterodorsal views.bl, Compoundreconstructionof thehypostome b2, anterior; b3, posterior views. Scale bars 3 mm.



Extended DataFig.7|Scan model of the anterior part of the digestive tract ‘crumble’; b5, and hypostome. cl, Inleft lateral view; ¢2, with hypostome;
infill. a1, In ventral view; a2, with associated trace fossils; a3, and ‘crumble’ of c3,and ‘crumble’; c4, and ligaments; ¢5, and associated trace fossils; c6,
gut; a4, andligamentsand ‘crumble’ within the hypostome; a5, and hypostome.  withouthypostome.Scalebars5mm.

bl, Inright lateral view; b2, with hypostome; b3, with trace fossils; b4, and
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Extended DataFig. 8| Associated trace fossils of scavengers. a, In ventral exoskeleton; d, without exoskeleton. el, Head regionin left lateral view, with
view with digestive tract contents and ‘crumble’ on transparent exoskeleton; transparent exoskeleton and hypostome; e2, and ‘crumble’ of gutand
b, withligamentand transparent hypostome. ¢, Inright lateral view with ligament; e3, without exoskeleton. Scale barsina-d 10 mm, inel1mm.




Extended DataFig.9|Associated trace fossils of scavengersinthe head with transparent exoskeleton and hypostome; b2, and transparent digestive
region. al, Inanterior view (dorsal side up), with digestive tract contents; tractcontents; b3, and ‘crumble’ of gut and ligament. Scale bars1 mm.
a2,and ‘crumble’ of gutandligament; a3, and hypostome. b1, Inventral view,
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Extended Data Table 1| Scan parameters of specimeninv. no. 8

voxel size (um) 11,35
sample Bohenmlichas incola
optic Lafip2 / Hasselblad 210 mm
date / proposal 17/02/2018 es673
Average energy (keV) ~177
Filters (mm) Cub
W 0.7
propagation distance (mm) 11000
sensor sCMOS PCO edge 4.2
Scintillator LuAG:Ce 2000
insertion device W150
ID Gap (mm) 26,5
machine filling mode 7/8 multibunch 200 mA
projection number 5000
scan geometry 360°, half-acquisition 800 pixels, vertical series 4.5 mm, double scan, three lateral columns
subframe time (s) 0,01
exposure time (s) 0,05
accumulation level 5
time per scan (min) 4,90
number of scans 168
total time (h) 14

single distance phase retriev al, ring artefact correction, vertical concatenation, 16 bits conv ersion, lateral

reconstruction ; :
concatenation, binning 2

refs / dark single ref/dark
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Note that full information on the approval of the study protocol must also be provided in the manuscript.

Field-specific reporting

Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.
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Ecological, evolutionary & environmental sciences study design
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Study description Briefly describe the study. For quantitative data include treatment factors and interactions, design structure (e.g. factorial, nested,
hierarchical), nature and number of experimental units and replicates.

Research sample Synchrotron scan of a fossil trilobite enclosed in a siliceous nodule.
Sampling strategy N/A
Data collection The specimen was scanned using propagation phase-contrast synchrotron microtomography (PPC-SRuUCT) at the ID19 beamline of

the European Synchrotron Radiation Facility (ESRF) in Grenoble, France, as a part of the proposal ES 673. The reconstructed volumes
were converted into stacks of 16 bits TIFF images. The scan data with voxel size of 11.35 um were segmented in Mimics Research
19.0 (Materialise) software. Rendering was done in Blender.

Timing and spatial scale 17.2.2018

Data exclusions No data were excluded.
Reproducibility N/A
Randomization N/A
Blinding N/A

Did the study involve field work? D Yes IXI No
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Materials & experimental systems Methods
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Specimen provenance No permits needed, specimen was collected a century ago.

Specimen deposition Museum of Dr. B. Hordk, Rokycany, Czech Republic (inventory number 8)

Dating methods N/A

|:| Tick this box to confirm that the raw and calibrated dates are available in the paper or in Supplementary Information.

Ethics oversight No ethical approval was requested, specimen is housed in a public repository.
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