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Abstract

The hitherto oldest knownmass mortality of clam shrimp is described from the Early Devonian
(Emsian) of Luxembourg. This (almost) monospecific clam shrimp association allows for a
much more comprehensive assessment and understanding of preservational and ontogenetic
variation in a single taxon, Pseudestheria diensti (Gross, 1934). This suggests that other taxa
originally described from the “classical” Willwerath locality, the type locality of P. diensti, are
variants of the latter, and thus Pseudestheria subcircularis Raymond, 1946 and Palaeolimna-
diopsis ? eifelensis Raymond, 1946 are synonymized here with P. diensti. A further clam shrimp
taxon, for which we propose a new species, Palaeolimnadia stevenbeckeri n. sp., is found in the
same stratum, but not in the mass mortality layer itself. The clam shrimp mass mortality is
interpreted to reflect sudden destruction of the original habitat on a delta plain and subsequent
transport and burial in a marginal marine low-energy setting.

http://zoobank.org/0cfcb6a1-3fb7-4a1a-a1a4-609f8b1bc536

Non-technical Summary

Clam shrimp are branchiopod crustaceans with a fossil record starting in the EarlyDevonian and
consisting mainly of their bivalved carapaces. A new Fossil-Lagerstätte from Luxembourg
yielded the oldest known mass mortality of clam shrimp, providing new insights into the extent
of morphological/preservational variation within a single species. This allows us to show that
some previously described “species” fall within this variation and must therefore be considered
synonyms. Other finds are described as a new species. We assume that these clam shrimp
populated a freshwater-dominated delta platform and were rapidly buried in a marginally
marine environment following the destruction of their original habitat, possibly by a storm.

Introduction

The informal group of the clam shrimp encompasses the three monophyletic clades Laevicaudata
Linder, 1945, Spinicaudata Linder, 1945, and Cyclestherida Sars, 1899 (Negrea et al., 1999; Richter
et al., 2007; Olesen, 2009). The oldest unequivocal fossil clam shrimp known are from the Early
Devonian (Hegna andAstrop, 2020;Hegna et al., 2020; Liao and Shen, 2022; Poschmann et al., 2024).

Until recently, the earliest record of clam shrimpwas rathermeager. AlthoughDevonian clam
shrimp are known from multiple sites on several continents, the individual faunas are often
restricted to few specimens from insufficiently dated occurrences (e.g., Gross, 1934; Péneau,
1936; Maillieux, 1939; Defretin, 1950; Tasch, 1987; Boucot et al., 1989; Franke, 2006; Poschmann
and Franke, 2006; Becker and Franke, 2012), although the situation started to improve with
accounts on newly discovered finds (Liao and Shen, 2022; Poschmann et al., 2024).

Here we report on a new discovery of Early Devonian clam shrimp, which stands apart from
previously reported finds as it represents an almost monospecific massmortality averagingmany
thousands of specimens per square meter. Furthermore, this mass occurrence provides a way to
assess preservational and intraspecific variation hitherto impossible for Early Devonian clam
shrimp. This may have far-reaching implications for the taxonomy of early clam shrimp.
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Materials and methods

Materials. The clam shrimp fossils described herein originate from
the Rinnen Quarry west of Consthum in northern Luxembourg
(Fig. 1). This locality has been known for some time to yield Early
Devonian fossils, such as early land plants, bivalves, tentaculitids,
arthropods, vertebrates, and trace fossils (Delsate et al., 2003).

In 2022, two distinct fossiliferous layers of gray siltstone, each
several decimeters thick, were detected and informally termed
Consthum I and Consthum II. Note that “Consthum” without any
suffix denotes the Rinnen Quarry near the village of Consthum,
whereas particular fossil-bearing horizons have a suffix (I or II)
following. Consthum I yieldedmainly early landplants in association

Figure 1. Geographical position of the Rinnen Quarry at Consthum, Luxembourg.
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with some bivalves, placoderm plates, eurypterid remains, and leper-
diticopid ostracodes (Capel et al., 2024).

The clam shrimp mass mortality bed was excavated from Con-
sthum II at the northeastern part of the RinnenQuarry (coordinates
49.9779564966292, 6.035034995082548) in the years 2023 and
2024. This layer, amedium-graymudstone, has a thickness of about
20 cm and yielded abundant fossils, in particular from its lower
part. The strata at the Rinnen Quarry have an Early Devonian
(lower Emsian) age (Lucius, 1950; Maquil et al., 1984; Poschmann
and Franke, 2006; Dejonghe et al., 2017). Other fossils from Con-
sthum II include a few fragments of early land plants, bivalves,
lingulid brachiopods, isolated clam shrimp, rare ostracods, cheli-
cerate arthropods such as the eurypterids and scorpions, and few
vertebrate bony plates. In addition to the clam shrimp mass mor-
tality, isolated clam shrimp specimens are scattered in the sediment.
The new taxon described in the following is represented by only few
isolated specimens from Consthum II.

Methods. Specimens were prepared using pneumatic chisels. Pho-
tographs were taken by M.J.P. with the specimens immersed in
isopropanol using aCanon600DSLRcamera equippedwith aCanon
EF-S 60mmorCanonMP-E 65mmmacro-lens. Line drawingswere
prepared by M.J.P. using Inkscape. Figure 1 was made by L.N.-T.
usingPhotoshop. In the applicationofmorphological and descriptive
terms, we follow Scholze and Schneider (2015).

Repository and institutional abbreviation. All specimens are
deposited in the National Museum of Natural History Luxembourg
(MnhnL).

Systematic paleontology

Class Branchiopoda Latreille, 1817
Order Diplostraca Gerstaecker, 1866
Suborder ?Spinicaudata Linder, 1945

Superfamily Vertexioidea Kobayashi, 1954 sensu Zhang et al.,
1976 (= Lioestheriacea Raymond, 1946, emended Holub and

Kozur, 1981, sensu Chen and Shen, 1985)
Family ?Lioestheriidae Raymond, 1946

Diagnosis. See Scholze et al. (2019).

Remarks. As briefly outlined by Poschmann et al. (2024), the
familial-level taxonomy of Pseudestheria and related genera is
confusing, and repairing it is beyond the scope of the present work.

Genus Pseudestheria Raymond, 1946

Type species. Pseudestheria brevis Raymond, 1946; by original des-
ignation.

Diagnosis. Small to very large valves; oval to round shape; straight
to slightly curved dorsal margin; umbo convexly curved, position of
the umbo submedial to anterior and inframarginal to supramargi-
nal; larval valve very small to small; variable number of growth
lines; pitted (punctate) ornamentation (from Scholze et al., 2019;
see also Scholze, 2021; Poschmann et al., 2024 for remarks).

Pseudestheria diensti (Gross, 1934)
Figures 2, 3.3–3.8, 4, 5.1–5.4, 6.1–6.6

1933 Paracyclas rugosa Goldfuß; Mauz, p. 275.
*1934 Estheria diensti Gross, p. 309, figs. 1–6, 8, 9.

1946 Pseudestheria diensti; Raymond, p. 244.
1946 Palaeolimnadiopsis ? eifelensis Raymond, p. 271.
1946 Pseudestheria subcircularis Raymond, p. 244.
1953a Euestheria eifelensis; Novozhilov, p. 948, fig. 2b.
1961 Concherisma eifelense; Novozhilov, p. 86 (in part).
1961 Glyptoasmussia willweratica Novozhilov, p. 62, fig. 25, pl.

15, fig. 5.
2006 Estheria diensti; Franke, pl. 11, fig. 2.
2012 Estheria diensti; Becker and Franke, pl. 2, figs. 7, 8.
2016 conchostracan; Poschmann et al., fig. 4b.
2024 Pseudestheria diensti; Poschmann et al., p. 543, figs. 2a–f,

6b, c, 7e, f, 9g, h.
2024 Pseudestheria cf. P. diensti; Poschmann et al., p. 545, figs.

3a–c, 6f.
2024 (?)Palaeolimnadiopsis ? eifelensis; Poschmannet al., figs. 3d, 6a.
2024 Palaeolimnadiopsis ? eifelensis; Poschmann et al., p. 556,

figs. 4a–c, 6e.
2024 Pseudestheria subcircularis; Poschmann et al., p. 549, figs.

4d–f, 6d.

Holotype. The specimen figured by Gross (1934, fig. 5), now in the
Museum für Naturkunde Berlin, Germany, number MB.A.0043
(Poschmann et al., 2024).

Description. Clam shrimp individuals attributed to Pseudestheria
diensti were found scattered within the most fossiliferous layer. On
one (?bedding) plane, the clam shrimp carapaces form laterally
discontinuous pavements with a density of up to 30 specimens per
10 cm2, which can be extrapolated to around 30.000 specimens
per m2.

In 33 measured, reasonably well-preserved specimens, the
height ranges from (?1.6) 2.3 to 6.2 mm (average 4.1 mm), the
length from (?2.4) 3.2 to 9.2 mm (average 5.9 mm), the length/
width ratio from 0.55 to 0.89 (average 0.70), and the number of
growth lines ranges from about 9 to 21 (Table 1). The specimens
share the following morphological traits. Carapace shape
elongate-oval to round with a weakly expressed umbo in
anterior-median to median-anterior and marginal position, dor-
sal margin long and almost straight to very slightly curved, larval
valve very small and hardly recognizable; microsculpture indis-
tinct (as in the Willwerath specimens; see Poschmann et al.,
2024), probably consisting of a dense, fine network of reticulate
cells; some specimens among both, those with very high as well
as those with very low height/length (H/L) ratios, show a longi-
tudinal, fan-like striation in the region between umbo and
posterior end of the dorsal margin. The striations originate from
a common point near the umbo and are roughly perpendicular
to the distal growth lines.

Remarks. The morphological traits and their variation observed in
the Consthum clam shrimp mass layer correspond largely to the
morphology and variation documented in the approximately con-
temporaneous Willwerath association (Poschmann et al., 2024), with
the exception of size variation, which is much greater among the
Consthum specimens, suggesting the presence of various growth
stages. Clam shrimp fromWillwerathwere attributed toPseudestheria
diensti (Gross, 1934), Pseudestheria subcircularisRaymond, 1946, and
Palaeolimnadiopsis ? eifelensis Raymond, 1946 (see Poschmann et al.,
2024 for history of research). Poschmann et al. (2024) recorded a
fourthmorphotype closely corresponding to Pseudestheria diensti but
with a slightly different carapace outline. These authors furthermore
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stated that the observed differences in these taxa may be attributed to
taphonomic/preservational and/or ontogenetic/sexual variation and
suspected that all taxa previously described from Willwerath may
represent just one species. Pseudestheria subcircularis and Palaeolim-
nadiopsis ? eifelensis should then be synonymized with Pseudestheria
diensti as diagnosed by Scholze et al. (2019). Due to a very limited
sample size fromWillwerath (about a dozen specimens), Poschmann
et al. (2024) refrained from a formal taxonomic act pending a larger
base to substantiate their view. In his emendation of Pseudestheria,
Martens (1983) showed, among other characters, a bending of growth
lines along the dorsal margin at the contact of the left and right valves.
This character state can be recognized only in appropriately three-
dimensionally preserved specimens and could not be seen in the
specimens from Willwerath (Poschmann et al., 2024). By contrast,
some exceptionally preserved specimens from Consthum do show a
fine, fan-like, subparallel striation at the dorsalmargin (Figs. 4, 5.1, 5.3,
5.4, 6.1–6.4, 6.6), which corresponds to the structure elaborated by
Martens (1983, 2020). This striation is interpreted to reflect a bending
of the growth lines at the dorsalmost edge of each valve and their
course along the “inner” dorsal rim (Martens, 1983, fig. 7). Thus, the
actual hinge of the valves runs along a median depression. The
presence of this feature, which in Martens’ (1983, 2020) view defines
the family Pseudestheriidae Martens, 1983, furthermore backs an
attribution to Pseudestheria, themost common Early Devonian genus
(Liao and Shen, 2022). This featuremay also explain some variation in
our Pseudestheria samples, which seems unusual at first. We suspect

that the particularmorphology of the dorsal region inPseudestheria in
concert with various degrees of sediment cover of some parts andwith
a possible sexual dimorphismmayhave promoteddifferent outlines of
the valve as a result of compression as well as seemingly various
degrees of protrusion of the umbo. The result is fossils with low
(Figs. 3.8, 4.5, 5.4, 6.4) to high (Figs. 5.1–5.3, 6.5, 6.6) H/L ratios and
straight (Figs. 3.6, 5.4, 6.4) tomore rounded (Figs. 3.3, 3.4, 5.1–5.3, 6.5,
6.6) outlines of the dorsal margin—in other words, with an elongate
“eifelensis preservation” to rounded “subcircular preservation.” In
addition, Liao and Shen (2022) mentioned that among their speci-
mens assigned to Pseudestheria cf. P. diensti, the carapace shape varies
fromoval and sub-oval to round and considered these different shapes
as possibly due to compression deformation or sexual dimorphism.
This fan-like feature on the dorsal margin may be distinctive, but it
cannot yet be treated as a phylogenetic panacea. Although it may be
widespread, we cannot as yet determine exactly how widespread it is
among clam shrimp due to the rarity of its preservation. Martens’
(1983, 2020) interpretation of the feature implies that we should often
see the outer growth lines overprinted on the fan-like lines in com-
pressed fossils with rigid carapaces.While we see this in the specimens
illustrated by Tasch (1975a, note: Tasch’s specimens have the fan-like
lines at a significantly higher angle than in the Consthum II speci-
mens), we do not see overprinting in the Consthum specimens. In a
re-examination of the type specimen of Palaeolimnadiopsis (T.A.H.),
we did not see the fan-like dorsal lines mentioned byMartens (1983).
(Note: Raymond, 1946, spelledPalaeolimnadiopsis two different ways,

Figure 2. Examples from the Consthum clam shrimp mass layer. (1) Detail from slab EiB552b; note associated lingulid brachiopod near center. (2) Detail from slab EiB549a; note
associated head shield of the eurypterid Adelophthalmus sievertsi (Størmer, 1969) (upper right), crossed polarizing filters. (3) Detail from slab EiB552a; note differences in size and
form of dorsal margin. (4) Detail from slab EiB551a; note differences in the spacing of growth lines. (1, 2) Scale bars = 10 mm; (3, 4) scale bars = 5 mm.
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Figure 3. Individual clam shrimp specimens from the Consthum mass layer. (1) Undetermined, relatively small specimen EiB551b_3. (2) Undetermined, relatively small specimen
EiB551b_4. (3) Pseudestheria diensti, mid-sized specimen, EiB551b_7. (4) Pseudestheria diensti, mid-sized specimen, EiB551b_5. (5) Pseudestheria diensti, EiB551b_2. (6)
Pseudestheria diensti overlying Adelophthalmus sievertsi head shield, EiB551a_5. (7) Pseudestheria diensti, large specimen, EiB551b_10; note protruding right valve at lower
margin. (8) Pseudestheria diensti, large specimen; note bivalved preservation. Scale bars = 5 mm.
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Figure 4. Pseudestheria diensti from Consthum showing striated dorsal regions. (1, 2) Specimen EiB535a and b, part and counterpart, respectively. (3, 4) Details from the dorsal
regions in (1) and (2), respectively. (5, 6) Specimen EiB551b_1 and detail from the dorsal region, respectively. (7, 8) Specimen EiB551b_13 in dorsal view and detail, respectively;
arrow indicates striation. (1, 2, 5) Scale bars = 5 mm; (3, 4, 6–8) scale bars = 1 mm.
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Figure 5. (1–3) Pseudestheria diensti from Consthum, specimens with high H/L ratios. (1) Specimen EiB552b_2. (2) Specimen EiB552b_3. (3) Specimen EiB560a. (4) Pseudestheria
diensti fromConsthum, specimenwith lowH/L ratio, EiB559a. (5–8) Palaeolimnadia stevenbeckeri n. sp. fromConsthum. (5) Holotype EiB555. (6) Slightly deformed paratype EiB558.
(7) Paratype EiB702. (8) Paratype EiB722. White arrows indicate anterodorsal swelling. Scale bars = 1 mm.
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Figure 6. Line drawings of clam shrimp from Consthum. (1–6) Variation in Pseudestheria diensti. (1) Specimen EiB535a. (2) Specimen EiB551a_5. (3) Specimen EiB551b_1. (4)
Specimen EiB559b. (5) Specimen EiB551b_7. (6) Specimen EiB552b_2. (7, 8) Palaeolimnadia stevenbeckeri n. sp. (7) Holotype EiB555. (8) Paratype EiB558. (1–6) Scale bars = 5 mm;
(7, 8) scale bars = 1 mm.
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Paleolimnadiopsis [p. 270] and Palaeolimnadiopsis [p. 271, at the
introduction of P. carpenteri]. As the first usage (Paleolimnadiopsis)
is the only instance of that spelling outside of the table of contents, we
regard it as an error; Raymond likely intended Palaeolimnadiopsis as
the proper spelling.) Thus, we feel that use of this feature to unite
Pseudestheria and Palaeolimnadiopsis is invalid. Palaeolimnadiopsis
itself does not seem to be a synonym of Pseudestheria. Palaeolimna-
diopsis is represented by a number of distinctive species later in the

Paleozoic. We suspect that some of the Devonian species assigned to
Palaeolimnadiopsismay need re-evaluation.

It is a fortunate circumstance that shortly after the revision of
Rhenish Lower Devonian clam shrimp by Poschmann et al. (2024),
the Consthum clam shrimp mass layer was discovered in the
summer of 2023. With the additional evidence at hand, we can
now substantiate that both the Willwerath association and the
Consthummass layer association comprise (mainly) clam shrimp
that share important morphological characters and differ mainly
in size, the (corresponding) number of recognizable growth lines,
and H/L ratios (elongate oval to round). The observed variation
can be attributed to intraspecific variability (ontogeny and possi-
bly sexual dimorphism/ecophenotypic variability) and preserva-
tion (tectonic and compressional deformation), and perhaps
sediment still covering deeply buried parts (for examples of pre-
servational/intraspecific variation in clam shrimp, see e.g., Kozur,
1983; Martens, 1983, 2020; Kozur andWeems, 2005, 2010; Gosny,
2010; Astrop et al., 2012; Gallego et al., 2013; Scholze et al., 2015,
2017, 2019; Geyer and Kelber, 2018; Hethke et al., 2018, 2021; Sell,
2018; Hethke and Weeks, 2020). We found only simple correla-
tions of length to height of the valves or number of growth lines
and valve length, while the number of growth lines remains
generally the same in (similarly sized) elongate and rounded
specimens. Furthermore, the feature of a striated dorsal margin
has been documented in both elongate and rounded specimens
(Figs. 5, 6). It is thus impossible to draw a clear demarcation
between these forms.

In our view, it is warranted to formally synonymize Pseu-
destheria subcircularis with Pseudestheria diensti as already
suspected by Poschmann et al. (2024). Present evidence sug-
gests that Palaeolimnadiopsis ? eifelensis is a preservational
variant of Pseudestheria diensti (Poschmann et al., 2024) as
well (although, as outlined in the preceding, this does not seem
to apply more broadly to other species assigned to Palaeolim-
nadiopsis). Approximately contemporaneous clam shrimp from
the Lower Devonian of Belgium and France (Maillieux, 1939;
Defretin, 1950) and originally designated Estheria (Euestheria)
stockmansi Maillieux, 1939 need re-examination and revision
and will not be considered herein (see discussion in Poschmann
et al., 2024).

Family Paleolimnadiidae Tasch, 1956 sensu Zhang et al., 1976

Diagnosis. Carapace with a large larval shell and few growth lines,
smooth to faintly reticulate ornamentation. Limnadiform and
cycladiform carapace shapes (translation from Zhang et al., 1976;
see Astrop and Hegna, 2015).

Remarks. Astrop andHegna (2015) observed that past conceptions
of the family (i.e., Zhang et al., 1976) implied that it was paraphy-
letic, and Sun and Cheng (2022) hypothesized that the familymight
be polyphyletic due to the variance in ornamentation patterns.
Usage of Paleolimnadiidae herein is not meant to imply mono-
phyly. Indeed, the general diagnosis seems to suggest that paleo-
limnadiids are perhaps plesiomorphic vertexioids with large larval
shells. The large larval shell is likely due to the initiation of carapace
molt retention happening later in ontogeny.

Genus Palaeolimnadia Raymond, 1946

Type species. Estheria wianamattensis Mitchell, 1927; by original
designation.

Table 1. Morphometric data of Pseudestheria diensti from Consthum.

Specimen Height Length H/L
Approximate number of
visible growth lines

EiB535 6.2 9.2 0.67 21

EiB549a_01 3.2 5.1 0.63 13

EiB549a_02 2.5 4.2 0.60 12

EiB549a_03 4.0 5.0 0.80 —

EiB549a_04 2.5 4.1 0.61 11

EiB549a_05 4.5 6.0 0.75 15

EiB549a_06 3.6 4.1 0.88 11

EiB549a_07 3.2 4.0 0.80 11

EiB549a_08 2.6 3.9 0.67 —

EiB549a_09 3.1 5.6 0.55 12

EiB549a_10 3.0 4.3 0.70 11

EiB549a_11 3.0 4.5 0.67 12

EiB549a_12 2.5 3.6 0.69 11

EiB549a_13 4.0 5.5 0.73 12

EiB549a_14 4.3 7.0 0.61 13

EiB549a_15 3.0 4.3 0.70 12

EiB549a_16 2.3 3.2 0.72 11

EiB549a_17 1.6 2.4 0.67 9

EiB551a_st5_18 4.1 6.3 0.65 17

EiB552a_st2_19 4.6 6.3 0.73 13

EiB551a_st3_20 5.1 8.9 0.57 15

EiB551a_st7_21 4.4 7.2 0.61 —

EiB551a_st7_22 4.8 7.4 0.65 16

EiB551a_st9_23 4.8 6.6 0.73 14

EiB551a_st9_24 6.0 7.9 0.76 17

EiB551a_st9_25 5.8 7.2 0.81 17

EiB551b_st1 5.6 8.9 0.63 19

EiB551b_st2 5.1 6.3 0.81 10

EiB551b_st7 4.2 5.9 0.71 14

EiB552b_st2 5.3 6.4 0.82 17

EiB552b_st3 4.5 5.9 0.76 16

EiB559 4.9 7.8 0.63 14

EiB560 5.6 6.3 0.89 18

∑ 1,353 1,931 2,321

average (N = 33) 4.1 5.9 0.70
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Palaeolimnadia stevenbeckeri new species
Figures 5.5–5.8, 6.7, 6.8

Holotype. Figures 5.5, 6.7; specimen Eib555 (left valve, part only).

Diagnosis. A species of Palaeolimnadia with large (up to 3.6 mm
long), oval carapace with straight to slightly concave and short
dorsal margin, and with a slight bump in anterodorsal position;
up to 13 (usually 6–10) growth lines; umbo in submedial and
marginal position; larval valve moderately large.

Occurrence. RinnenQuarry west of Consthum, fossil-bearing layer
“Consthum II,” at the northeastern part of quarry (coordinates
49.97799, 6.03504). Lower Devonian, lower Emsian Klerf Forma-
tion (Schuttbourg Member of the Our Formation sensu Dejonghe
et al., 2017).

Description. Carapace large (L = 3.5–3.6 mm; H = 2.4–2.5 mm),
shape oval (H/L = 0.69), with a slight swelling or bump in ante-
rodorsal position (white arrow in Fig. 5.5, 5.6); dorsal margin
straight to slightly concave and short (length of the dorsal margin
(l) = 2.1–2.3 mm, l/L = 0.60–0.64); umbo in submedial and
marginal position; larval valve small to large (height of the larval
valve (h)/H = 0.44–0.5, about 0.25 in EiB702); up to 10 growth
lines (about 13 in EiB702); ornamentation indistinct, possibly
faintly reticulate.

Etymology. For Steven Becker (formerly Carrière Rinnen, Con-
sthum), without whose generous help the Consthum excavations
would not have been possible.

Additional material. Paratypes Eib558 (slightly deformed left
valve, part only), EiB702 (right valve, part and counterpart), and
EiB722 (right valve, part and counterpart).

Remarks. The second species present at Consthum is rare and
found scattered in the sediment; it has not been recorded from
the Pseudestheriamass occurrence. It has a relatively small carapace
with a comparatively large, unornamented larval valve and straight
dorsal margin and is therefore assigned to Palaeolimnadia. It shows
a conspicuous small swelling or bump in anterodorsal position of
the valve, which is probably not preservational but a genuine
character of this species. In contrast to Bulbilimnadiidae Kozur
and Weems, 2005, this swelling is situated anterior to, and not on,
the larval valve. One specimen (EiB702; Fig. 5.7) has a higher
number of growth lines and a smaller larval valve than other
specimens assigned to this species. As it perfectly agrees in all other
features with comparable specimens, it is assigned here to the same
species. Whether this variation is due to preservation or may have
some taxonomic significance can be reliably assessed only when
more material is available. The new species is easily distinguishable
from other Ardenno–Rhenish Early Devonian taxa, including the
Belgian and French fossils (cf. Maillieux, 1939; Defretin, 1950;
Poschmann et al., 2024). It is comparable (slightly larger) in size
to the type species P. wianamattensis (Mitchell, 1927) but shows a
straighter or even slightly concave dorsal margin. Considering that
the occurrence of fossil spinicaudatan clam shrimp species is
assumed to have at least some stratigraphical significance, we
refrain from a comparison of our Early Devonian species with
the Permian to Mesozoic Palaeolimnadia-like species, especially
given the vast number of species, which includes many potential
synonyms (e.g., Tasch, 1975b, 1987; Zhang et al., 1976; Kozur and
Weems, 2010; Gallego et al., 2020, and literature therein). Palaeo-
limnadia is distributed mainly from the Late Permian to Jurassic,

but Devonian records are rare. Palaeolimnadia subquadrata
Novozhilov, 1953b from the Devonian of Kazakhstan is a much
larger (6.4 mm long) and more rounded (H/L ratio 0.83) species.
?Palaeolimnadia sp. from the Emsian of Hunnan Province, China,
is a larger species with a somewhat smaller (estimated) H/L ratio
(0.60 versus 0.69) (Liao and Shen, 2022). Palaeolimnadia atava Liu
in Liu and Gao, 1985 is comparable in size (up to 3.7 mm long,
2.3 mm high), whereas P. changyangensis Liu in Liu and Gao, 1985
and P. luoyanshanensis Liu in Liu andGao, 1985 are smaller species.
These three species from the Late Devonian of Hubei Province,
China, all differ in lacking an anterodorsal carapace swelling and
the associated tendency for a slightly concave dorsal margin.

Taphonomy/paleoecology

In EarlyDevonian times, the Rhenish Shelf was situated south of the
Old Red Continent at the southern margin of Laurussia. The
so-called Rhenish or rhenotypic siliciclastic facies (Jansen, 2016)
of the Siegenian and Emsian was characterized by generally
shallow water and huge amounts of clastic sediments delivered
by rivers from the north accumulated to kilometer-thick silici-
clastic successions on the subsiding shelf (e.g., Meyer and Stets,
1980; Walliser and Michels, 1983; Stets and Schäfer, 2002, 2011).
This resulted in the formation of a deltaic system that extended
several hundred kilometers along the coastline with a scale that
may have resembled the present-dayMississippi Delta (Grigowski
and McCann, 2021). The angle of the delta front slope is assumed
to have been gentle with facies changes being gradual and extend-
ing over larger distances making the interpretation of the position
of particular outcrops within the larger deltaic system difficult
(Stets and Schäfer, 2002; Elkholy and Gad, 2006; Grigowski and
McCann, 2021). However, for the clam shrimp associations of
Willwerath and Waxweiler, a more proximal nonmarine, limnic–
brackish paleoecological setting on the delta platform has been
assumed (e.g., Poschmann and Tetlie, 2006; Becker and Franke,
2012; Poschmann et al., 2024). The Consthum depositional set-
ting may have been positioned at the subaquatic delta platform in
a brackish environment, possibly a lagoonal setting receiving
freshwater-dominated input frommore proximally situated areas.
This would be in accordance with a large amount of parau-
tochthonous elements probably introduced from nearby inter-
tidal to terrestrial settings (land plants, clam shrimp, scorpions) in
association with probably autochthonous to parautochthonous
bivalves (Limoptera (Klinoptera) cf. L. (K.) diensti Dahmer, 1942
and Archanodon sp. among others) and lingulids with a prefer-
ence for brackish environments. Most of the associated arthropod
fossils probably represent exuviae, whereas the bivalves are, at
least partly, preserved with their valves in articulation and in life
position. In contrast to the clam shrimp association of Waxweiler
“LCMO” (leperditicopid-clam shrimp mass occurrence, Table 2;
see Poschmann et al., 2024 for details), many clam shrimp at
Consthum are preserved with their valves articulated (e.g.,
Fig. 3.7, 3.8) but not in butterfly position (we recorded only one
exception; Fig. 4.7, 4.8). Preservation in butterfly position has
been interpreted as indicating decay or severing of the carapace
adductor muscle (Poschmann et al., 2024). This noticeable dif-
ference in preservation suggests rapid burial of the Consthum
clam shrimp coinciding with or shortly following death with the
adductor muscle still intact. Reible (1962), in a statistical evalua-
tion of Triassic clam shrimp from Germany, stated that brackish
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environments tend to yield species-poor associations rich in
individuals, while it is the other way around in freshwater. If this
applies to Early Devonian clam shrimp, a stronger brackish influence
may be indicated at Consthum than at Waxweiler (Table 1). Until
now, the only fossils indicating a marine influence in the Rinnen
Quarry succession are few tentaculitids from the base of the Con-
sthum II layer. These may have been introduced by storms as has
been observed in comparable facies from the Nellenköpfchen For-
mation (e.g., Poschmann, 2017). Remains of echinoderms or tri-
lobites have not been observed by us. A homalonotid trilobite record
from Consthum (Van Viersen and Prescher, 2009) relies on a
historical find and may not necessarily originate from the actual
quarry but from the wider area (A. Van Viersen, written communi-
cation, 2024). Very shallow water is indicated by the presence of
trackways of myriapod-like arthropods (Diplichnites isp.) and sup-
posed microbially induced sedimentary structures somewhat higher
in the sequence. In other parts of the quarry, we recorded the
presence of channel lag deposits and plant root-like/rhizome struc-
tures, again indicating very shallow water or even terrestrial condi-
tions. In the formation of the clam shrimpmassmortality, a flooding
event during heavy rain or the destruction of a floodplain pond, the
original habitat of the clam shrimp, by streaming water (?channel)
may have been involved. In either case, an entire clam shrimp
population comprising various ontogenetic stages of Pseudestheria
diensti has been killed and washed into a more distally positioned
low-energy depositional environment.

Conclusion

The Consthum clam shrimpmass mortality provides an interesting
view on the paleoecology of clam shrimp early in the evolutionary

history of the group. The association of the Consthum II Lagerstätte
is interpreted as representing an association of organisms populat-
ing the freshwater-dominated delta platform and having been
introduced into a subaquatic depositional environment probably
positioned in amore distal position on the delta platform. There the
clam shrimp were rapidly buried together with other organisms,
mainly bivalves and lingulids, adapted to marginally marine, pos-
sibly brackish waters.

In terms of taxonomy, the Consthum clam shrimp provide an
example of preservational/intraspecific variation in a clam shrimp
population that emphasizes that the erection of taxa based on
limited information available from published figures alone bears
a great risk of creating synonyms. This practice likely accounts for a
vast number of unjustified names (Goretzki, 2003) and should be
abandoned.
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