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tǊŜŘŀǘƻǊ-ǇǊŜȅ ŘȅƴŀƳƛŎǎ ƛƴ ŀ ƭŀǘŜǎǘ /ǊŜǘŀŎŜƻǳǎ ƳŀǊƛƴŜ ŜŎƻǎȅǎǘŜƳΥ ƳƻǎŀǎŀǳǊ ŀƴŘ ǎƘŀǊƪ 
ŀǘǘŀŎƪǎ ƻƴ ǘƘŜ ŜŎƘƛƴƻƛŘ IŜƳƛǇƴŜǳǎǘŜǎ ǎǘǊƛŀǘƻǊŀŘƛŀǘǳǎ ŦǊƻƳ ǘƘŜ aŀŀǎǘǊƛŎƘǘƛŀƴ ǘȅǇŜ ŀǊŜŀ 
όǘƘŜ bŜǘƘŜǊƭŀƴŘǎΣ .ŜƭƎƛǳƳύ   

мΦ LƴǘǊƻŘǳŎǝƻƴ  

Direct evidence of vertebrate-invertebrate interactions in deep 

time is rare, and sources available to infer such relationships are 

limited. The diet of large vertebrates offers one potential line of 

evidence, as reconstructed from scarce direct proof such as 

stomach (gastrolites) and intestinal (cololites) contents in (semi-) 

articulated specimens, or more commonly from indirect 

evidence, such as vomit (regurgtitalites), faeces (coprolites) and 

leftover falls (pabulites) (e.g. Hoffmann et al., 2019; Klug et al., 

2021; Barten et al., 2024a; Fischer et al., 2025; Hunt & Lucas, 

2025; Serafini et al., 2025). Additional insights may be obtained 

from tooth morphology and microwear (e.g. Holwerda et al., 

2023), as well as chemical traces, such as stable isotope analyses 

of bones and tooth enamel or microbiome residues in digestive 

products (bromalites) (e.g. Giltaij et al., 2021; Assemat et al., 

2025; Polcyn et al., 2025). Pathologies in the hard parts of 
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¢ƘǊŜŜ ǘŜǎǘǎ ƻŦ ǘƘŜ ƘƻƭŀǎǘŜǊƻƛŘ ŜŎƘƛƴƻƛŘ IŜƳƛǇƴŜǳǎǘŜǎ ǎǘǊƛŀǘƻǊŀŘƛŀǘǳǎ ŦǊƻƳ ǘƘŜ .ŜƭƎƛŀƴ-5ǳǘŎƘ 
ǘȅǇŜ ŀǊŜŀ ƻŦ ǘƘŜ aŀŀǎǘǊƛŎƘǝŀƴ {ǘŀƎŜ ǇǊŜǎŜǊǾƛƴƎ ŜǾƛŘŜƴŎŜ ƻŦ ǾŜǊǘŜōǊŀǘŜ-ƛƴǾŜǊǘŜōǊŀǘŜ 
ƛƴǘŜǊŀŎǝƻƴǎ ŀǊŜ ŘƻŎǳƳŜƴǘŜŘ ŀƴŘ ŀƴŀƭȅǎŜŘΦ hƴŜ ǎǇŜŎƛƳŜƴ ŜȄƘƛōƛǘǎ ŀŘƻǊŀƭ ǇŜƴǘŀƎƻƴŀƭ 
ǇǳƴŎǘǳǊŜ ƳŀǊƪǎ ŀƴŘ ŀ ƭŀǊƎŜ ŀōƻǊŀƭ ǎŎŀǊ ŦǊƻƳ ŀ ƳƻǎŀǎŀǳǊ ŀǧŀŎƪΣ ǿƛǘƘ aƻǎŀǎŀǳǊǳǎ 
ƘƻũƳŀƴƴƛƛ ŀǎ ǘƘŜ ǇǊŜǎǳƳŜŘ ǇǊŜŘŀǘƻǊΦ ! ǎŜŎƻƴŘ ǘŜǎǘ ǇǊŜǎŜǊǾŜǎ ŜǾƛŘŜƴŎŜ ƻŦ ǘǿƻ ǎŜǇŀǊŀǘŜ 
ŀǧŀŎƪǎΣ ǘƘŜ ŬǊǎǘ ōȅ ŀ ƳƻǎŀǎŀǳǊΣ ǇǊŜǎǳƳŀōƭȅ tƭƛƻǇƭŀǘŜŎŀǊǇǳǎ ƳŀǊǎƘƛΣ ƭŜŀǾƛƴƎ ōƻǘƘ ŀ 
ǇŜƴǘŀƎƻƴŀƭ ŀŘƻǊŀƭ ǎŎŀǊ ŀƴŘ ŀ ƭŀǊƎŜ ŀōƻǊŀƭ ƻƴŜΣ ŀƴŘ ǘƘŜ ǎŜŎƻƴŘ ōȅ ŀ ǎƘŀǊƪΣ ƭŜŀǾƛƴƎ ƴƻƴ-
ǇŜƴŜǘǊŀǝƴƎ ǎƳŀƭƭΣ ŘŜŜǇ ǘǊƛŀƴƎǳƭŀǊ Ǉƛǘǎ ǿƛǘƘ ǘŀǇŜǊƛƴƎ ǘŀƛƭǎΦ ! ǎƛƳƛƭŀǊ ǇƛǩƴƎ ƛǎ ǎŜŜƴ ƻƴ ǘƘŜ ǘƘƛǊŘ 
ǘŜǎǘΣ ŀǊǊŀƴƎŜŘ ƛƴ ŎƭǳǎǘŜǊǎ ŀƴŘ ƘŜǊŜ ƛƴǘŜǊǇǊŜǘŜŘ ŀǎ ŀ ǎƘŀǊƪ ōƛǘŜ ŦǊƻƳ ŀōƻǾŜ ŦƻƭƭƻǿŜŘ ōȅ ŀ 
ǎŜŎƻƴŘ ōƛǘŜ ǎǳōǎŜǉǳŜƴǘ ǘƻ ŀ флϲ Ǌƻǘŀǝƻƴ ƻŦ ǘƘŜ ŜŎƘƛƴƻƛŘΦ ¢ƘŜǎŜ ŬƴŘǎ ǇǊƻǾƛŘŜ ǘƘŜ ŬǊǎǘ 
ǳƴŀƳōƛƎǳƻǳǎ ŜǾƛŘŜƴŎŜ ƻŦ ƳƻǎŀǎŀǳǊ ǇǊŜŘŀǝƻƴ ƻƴ IŜƳƛǇƴŜǳǎǘŜǎ ŀƴŘ ŀŘŘ ǘƻ ǘƘŜ ǎǇŀǊǎŜ ǊŜŎƻǊŘ 
ƻŦ ǎƘŀǊƪ-ŜŎƘƛƴƻƛŘ ƛƴǘŜǊŀŎǝƻƴǎΣ ǎǳƎƎŜǎǝƴƎ ǘƘŀǘ ǇǊŜŘŀǝƻƴ ƻƴ ƭŀǊƎŜ ƘƻƭŀǎǘŜǊƻƛŘǎ ōȅ ǾŜǊǘŜōǊŀǘŜǎ 
ǿŀǎ ƳƻǊŜ ŦǊŜǉǳŜƴǘ ǘƘŀƴ ǇǊŜǾƛƻǳǎƭȅ ǊŜŎƻƎƴƛǎŜŘΦ !ƭƭ ǘƘǊŜŜ ǘŜǎǘǎ ŀƭǎƻ ŜȄƘƛōƛǘ ǎȅƴ ǾƛǾƻ ŀƴŘ Ǉƻǎǘ-
ƳƻǊǘŜƳ ƛƴǾŜǊǘŜōǊŀǘŜ ƛƴǘŜǊŀŎǝƻƴǎΣ ƛƴŎƭǳŘƛƴƎ ŀƭǎƻ ŀƴ ǳƴŘŜǎŎǊƛōŜŘ ǎŜǊǇǳƭƛŘΦ 
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ǾŜǊǘŜōǊŀǘŜ-ƛƴǾŜǊǘŜōǊŀǘŜ 
ƛƴǘŜǊŀŎǝƻƴǎΣ  
ǇǊŜŘŀǝƻƴΣ  
ǇǳƴŎǘǳǊŜ ǿƻǳƴŘΣ  
ƘŜŀƭŜŘ ǎŎŀǊΣ  
ǘǊŀŎŜ ŦƻǎǎƛƭǎΣ  
ǇŀƭŀŜƻōƛƻƭƻƎȅ  
 

!ǊǝŎƭŜ ƘƛǎǘƻǊȅ 

wŜŎŜƛǾŜŘ мфΦлсΦнлнрΣ ŀŎŎŜǇǘŜŘ ƛƴ ǊŜǾƛǎŜŘ ŦƻǊƳ млΦмлΦнлнрΣ ŀǾŀƛƭŀōƭŜ ƻƴƭƛƴŜ мфΦмнΦнлнрΦ  

invertebrates, such as shell or test malformations in ammonoid 

cephalopods or echinoids, as well as instances of breakage or 

missing fragments, offer another potential source of 

information, provided such abnormalities can be interpreted 

unambiguously (e.g. Dollo, 1913; Kauffman & Kesling, 1960; 

Lingham-Soliar & Nolf, 1990; Kauffman, 2004; Keupp, 2012; 

Neumann & Hampe, 2018; Jain et al., 2025; Tajika et al., 2025). 

Ranking amongst the commonest larger invertebrates of the 

Belgian-Dutch Maastrichtian type area is the holasteroid 

echinoid Hemipneustes striatoradiatus (Leske, 1778), attaining 

test sizes in excess of 10 cm (Jagt, 2000). These notable fossils 

are highly sought after by collectors, having been traded 

globally since the late 19th century (e.g., by the óComptoir 

Ubaghsô; Ubaghs, 1885; Jagt, 2021; Jagt et al., 2024a). Test 

fragments of Hemipneustes are typical bioclasts in the 

Maastricht Formation, even rock building at certain levels 
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(Felder, 1975; Felder & Bosch, 2000).  

Over recent decades, several types of pathologies and traces 

have been identified in Hemipneustes and Echinocorys, another 

dominant holasteroid of the Maastrichtian type area echinoid 

fauna that preceded Hemipneustes (Defour et al., 1994; 

Donovan & Jagt, 2002, 2004, 2005, 2009, 2013a, b, 2014, 2018, 

2020a, b; Donovan et al., 2008, 2010, 2014, 2015, 2018; Jagt et 

al., 2018). Remarkably, this óturnoverô from Echinocorys to 

Hemipneustes occurred during a very limited interval within the 

late Maastrichtian (between flint beds 10 and 12 of the Lanaye 

Member, Gulpen Formation; less than one precession cycle, 

~21 kyr in absolute time; about 1.6 myr prior to the Cretaceous/

Paleogene (K/Pg) boundary; Fig. 1). It marks a transition to 

shallower water conditions and an influx of Tethyan fauna 

(Vellekoop et al., 2022; Jagt et al., 2024b; Huygh et al., 2025). 

Yet only a limited number of these echinoid tests appear to 

document interactions with vertebrates, in the form of predatory 

(biting or gnawing) traces (praedichnia; Ekdale, 1985). Clear 

evidence of mosasaur predation on these large holasteroids in 

the type Maastrichtian is lacking (Jagt et al., 2018), and even on 

a regional or global scale, only for a single test of Echinocorys 

from the German Upper Cretaceous have bite marks attributed 

to mosasaurs been documented (Neumann & Hampe, 2018). 

There are some examples of fish predation on Echinocorys from 

the Maastrichtian type area (e.g. Dortangs, 1998, pl. 28, fig. 8; 

Jagt et al., 2018, fig. 10), with similar examples from the 

German Campanian to Maastrichtian (e.g. Gripp, 1929; Thies, 

1985; Frerichs,1987; Girod et al., 2023), and one test of type-

Maastrichtian Hemipneustes bears evidence of a shark attack 

(Donovan & Jagt, 2020b; Barten et al., 2024b). 

Here, I document three tests of Hemipneustes 

striatoradiatus that preserve evidence of such vertebrate 

encounters and discuss the potential predators and their modus 

operandi. Additionally, the tests preserve evidence of 

interactions with invertebrates, including both syn vivo 

colonisation as well as post-mortem encrustation. 

нΦ aŀǘŜǊƛŀƭ ŀƴŘ ƳŜǘƘƻŘǎ 

Three specimens of Hemipneustes striatoradiatus, housed in the 

palaeontological collections of the Royal Belgian Institute of 

Natural Sciences (RBINS; IRSNB in specimen numbers) 

(Figs 2ï6), are as follows:  

- IRSNB 11513, Maastricht Formation, CBR-Romontbos 

quarry, Eben-Emael, Belgium (ex Robert Pieters Collection, 

Geel, Belgium);  

- IRSNB 11514, Nekum Member, Maastricht Formation, 

ôt Rooth quarry, Bemelen, the Netherlands (ex Jacques 

Severijns Collection, Maastricht, the Netherlands); 

- IRSNB 11515, Maastricht Formation, unspecified quarry, 

Berg en Terblijt, the Netherlands (ex Guillaume Robert 

Collection, 1937ï2011). 

Specimens were freed from the matrix by their respective 

collectors and additional cleansing was achieved by the author 

through short and careful sand blasting using natrium 

bicarbonate powder as abrasive agent. 

The reader is referred to Felder & Bosch (2000), Jagt & Jagt-

Yazykova (2012), Jagt et al. (2024a) and van Lochem et al. 

(2025), and references therein, for details on localities and 

regional stratigraphy. 

Specimens were photographed using a DSLR Canon Eos 

D600 camera in day light.  

Specimen IRSNB 11513 and two teeth of Plioplatecarpus 

marshi Dollo, 1882 (IRSNB R0039) were also digitised using 

the RBINS micro-CT RX EasyTom 150 of RX Solutions 

(Chavanod, France), at 48.87 and 23.35 Õm voxel size, 

respectively. Extraction into a 16-bit TIFF stack was performed 

with X-Act, visualisation, measurements (e.g., test thickness) 

and segmentation executed with Dragonfly ORS (e.g. Figs 2, 3 

and 7). Extracted meshes were also studied in GOM Inspect, 

some screenshots are illustrated in Figure 5. 

Additional metadata on RBINS specimens discussed in the 

text can be found on the RBINS Virtual Collections platform. 

The original micro-CT imaging data of IRSNB 11513 and the 

two teeth of IRSNB R0039 may be obtained upon request from 

the RBINS palaeontology collection manager.  

Morphological terminology of the echinoid test follows 

Melville & Durham (1966) and the Lov®nian system is used for 

the numbering of ambulacra and interambulacra (summarised in 

Fig. 2).  

NHMM refers to the Natuurhistorisch Museum Maastricht, 

Maastricht, the Netherlands. 

оΦ 5ŜǎŎǊƛǇǝƻƴ 
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Large-sized test, measuring 91.5 mm in length, 80.6 mm in 

width and 61.8 mm in height, exhibiting well-preserved 

microtuberculation. 

Five scars are present on the aboral side: two large and deep, 

near-symmetrically implanted pentagonal holes (S1, S2), two 

shallower elongated ones of moderate size (S3, S4) and one 

small, yet rather deep, one (S5). Additionally, one larger, deep 

scar is found on the adoral side (S6). 

The first pentagonal scar (S1) is located above test mid-

height in ambulacrum I, measuring 12.5 mm along the 

ambulacrum and 13.7 mm perpendicular to it. It has two straight 

Figure 1. Geography and 

stratigraphy of the Maastrichtian 

type area, showing localities 

discussed in the text. The ranges 

of the two large holasteroid echinoid 

genera from the Maastrichtian 

type area are plotted onto the 

chrono- (Series and Stage) and 

lithostratigraphy (Formation and 

Member) (after Felder & Bosch, 

2000; Jagt & Jagt-Yazykova, 2012; 

Jagt et al., 2024a; and van Lochem 

et al., 2025). Abbreviations: Fm, 

Formation; Paleoc, Paleocene.  
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Figure 2. Hemipneustes striatoradiatus (Leske, 1778), specimen IRSNB 11513, Maastricht Formation, CBR-Romontbos quarry, Eben-Emael, 

Belgium. AïF. 3D renders from micro-CT imaging, illustrating various views of the test and showing general terminology (A), including 

ambulacra (IïV) and interambulacra (1ï5) in the Lov®nian system. Positions of scars S1ïS8, as discussed in the text, are shown as well.  
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Figure 3. Hemipneustes striatoradiatus (Leske, 1778), specimen IRSNB 11513. AïI. Virtual sections of test and scars, illustrating puncture 

morphology, healing features and internal structure. The 12-keeled serpulid with an aragonitic tube is attached to the inner test wall (H, arrow).  
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