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Fossil relatives of extant parasitic crustaceans from the Mesozoic of Europe
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ABSTRACT

The fossil record of Isopoda includes remains
of presumed parasites. Among the fossils which
have been discussed as potential parasites are
those termed as Urda Minster, 1840. Some
of these fossils have been discussed as possi-
bly related to an extant group of parasites,
Gnathiidae Leach, 1814. The type species of
Urda — Urda rostrata Munster, 1840 — is herein
interpreted as a close relative of the group
Gnathiidae, based on the shared occurrence
of a number of apomorphic features. This is
with Urda punctata (Minster, 1842) herein being
interpreted as a junior subjective synonym of
U. rostrata. However, not all of the fossils asso-
ciated with the name Urda can safely be identi-
fied as close relatives of Gnathiidae. Moreover,
it is unclear whether the extinct species, which
can be identified as close relatives of U rostrata
and Gnathiidae form a monophyletic group,
as we could not identify an autapomorphy for
a natural group Urda. A new species of close
relatives of Urda rostrata and Gnathiidae — Urda
buechneri n. sp. — is formally described based on
pCT image data. Palaega suevica Reiff, 1936 and
Palaega kessleri Reiff, 1936 are found to be sub-
jective synonyms and are re-interpreted as Urda
suevica n. comb. — a species closely related to U
rostrata. Due to the documented destruction of
the holotype, a herein figured fossil specimen
is designated as the neotype of Urda suevica.
Palaega? stemmerbergensis Malzahn, 1968 is also
interpreted as a close representative of U 70s-
trata and herein treated as Urda stemmerbergensis
n. comb. Another already formally described
species — Fobooralana rhodanica gen. et comb.
nov. — is interpreted as a more distant relative,
which is likely to be closer related to other
extant species of Isopoda than those within
Gnathiidae. For three species there are not
enough characters preserved to interpret them
as closely related to Ul rostrata and Gnathiidae:
Urda? liasica Frentzen, 1937 nom. dub. (type
material destroyed, description insufficient for
proper diagnosis), Urda? moravica Remes, 1912
and Urda? zelandica Buckeridge and Johns,
1996.

Keywords: Isopoda, Urda, Gnathii-
dae, parasitism, mouthparts.

RESUMEN

Ll registro fosil de Isopoda incluye restos de posibles
pardsitos. Entre los fisiles que han sido discutidos
como pardsitos polenciales se encuentra Urda Miins-
ter; 1840. Algunos de estos fisiles han sido discuti-
dos como posibles parientes de un grupo existente de
pardsitos, los Gnathiidae Leach, 1814. La especie
tipo de Urda — Urda rostrata Miinster, 1840 — es
aqui nterprelada como pariente cercano del grupo
Gnathiidae, con base en la presencia comin de un
nimero de caracteres apomdrficos. Esto incluye a
Urda punctata (Miinster, 1842) interpretada aqui
como sindnimo Junior subjetivo de U_rostrata. Sin
embargo, no todos los fosiles asociados con el nom-
bre Urda pueden ser indudablemente identificados
como parientes cercanos a Gnathiidae. De manera
adicional, no es aiin claro st las expecies extintas, que
podrian ser identificadas como cercanas a U_rostrata
y Gnathudae, forman un grupo monofilético, dado
que no podemos identificar alguna autapomorfia
para un grupo natural Urda. Una nueva especie
de parientes cercanos a Urda rostrata y Gnathiidae
— Urda_buechnert n. sp. — es descrita_formalmente
con base en datos de imdgenes pC'1. Palaega suevica
Reiff; 1936 y Palaega kessleri Reiff, 1956 son
interpretados como sindnimos subjetivos y reimnterpre-
lados como Urda suevica n. comb. — como especies
cercanamente relactonadas a U_rostrata. Debido a
la documentada destruccion del holotipo, un ejemplar
Josil aqui ilustrado, es designado como el neotipo de
Urda suevica. Palaega? stemmerbergensis Malzahn,
1968 es también interpretada como como pariente
cercano a U_rostrata y es tratada aqui como Urda
stemmerbergensis n. comb. Olra especie ya descrita
Jormalmente — Fobooralana rhodanica gen. et comb.
nov. — es interprelada como un pariente mds distante,
quien probablemente se encuentra relacionada a otra
especie viviente de Isopoda, que con los Gnathidae.
No existen caracleres suficientes preservados para lres
especies, a fin de interpretarlas como cercanamente
relacionadas a U_rostrata and Gnathiidae: Urda?
lLasica Frentzen, 1937 nom. dub. (material tipo des-
truido, descripcion insuficiente para una adecuada
diagnosis), Urda? moravica Remes, 1912 y Urda?
zelandica Buckeridge y Johns, 1996.

Palabras clave: Isopoda, Urda,
Gnathiidae, parasitismo, partes
bucales.

ABSTRACT

(%)
f=
(1]
(V]
v
]
L
(%)
=
1)
v
Y
=
(%]
(o]
S
(1]
[=3
L
=
(o]
e
X
()
G
=)
(%]
(%
2
s
s
[
1
@
w
O
L




http://dx.doi.org/10.18268/BSGM2023v75n2a220323

e | Boletin de la Sociedad Geoldgica Mexicana [ 75 (2) /| A220323 / 2023

1. Introduction

INTRODUCTION
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Isopoda is a morphologically diverse and spe-
cies-rich group of eucrustaceans (Brandt and
Poore, 2003). Most widely known to the general
public by its terrestrial forms — ‘woodlice’ — many
lineages of Isopoda have representatives that live
in aquatic habitats, which is also assumed for the
earliest representatives of Isopoda (e.g. Lins et al.,
2012). The feeding modes within Isopoda vary
extremely between its different ingroups. There
are highly specialised herbivores (e.g., wood boring
species of the group Limnorioidea) (Daniel et al.,
1991), generalists, predators, parasites and even
hyperparasites (parasites of parasites) (e.g. Ryba-
kov, 1990). Parasites within Isopoda come from
a number of different groups; how closely these
groups are related to each other or if they form
a monophyletic group is still a matter of ongoing
research (Brusca and Wilson, 1991; Dreyer and
Wiagele, 2001; Brandt and Poore, 2003; Nagler
et al., 2017). Hosts of these parasites are either
fishes (Chondrichthyes and Actinopterygii) (e.g
Abd El-Atti, 2020) or different kinds of aquatic
crustaceans such as shrimps, crabs, barnacles
and other representatives of Isopoda (e.g. An et
al., 2015). There 1s a substantial variation in the
degree of dependence between the parasites and
their hosts, ranging from ectoparasites that hide
in reefs when not feeding (Brandt and Poore,
2001) to endoparasites that drastically reduce the
sclerotization of their exoskeletons once entered
the host (e.g. Shiino, 1954) but are thought to
be closely related to each other if not forming a
monophyletic group. Overall,  compared
to other ingroups of Eucrustacea, remains of
representatives of Isopoda are rather rare in the
tossil record (ct. Luque et al., 2017). Nevertheless,
in some deposits fossil remains of Isopoda can be
frequent (Walther, 1904; Haack, 1933). The old-
est fossils of Isopoda are from the Pennsylvanian
(Schram, 1970, 1974), with an almost continuous
record during the Mesozoic and the Cenozoic
(Wieder and Feldmann, 1992; Feldmann et al.,
2008; Hyzny et al., 2013; Schadel et al., 2020).

Although many fossil representatives of Isopoda
are quite similar in their overall appearance, the
fossil record of Isopoda covers a wide range of
body shapes and sizes (Wieder and Feldmann,
1989; Polz, 1998; Serrano-Sanchez et al., 2016).
The fossil record of Isopoda also comprises spe-
cies for which a parasitic lifestyle can be assumed
based on their phylogenetic position and on mor-
phological features of the body, such as claws and
mouth cones that would allow the animal to cling
to a host and suck body fluids from it (Schadel et
al., 2019; van der Wal et al., 2021)

Fossils associated with the genus name Urda
Minster, 1840, in contrast to most other rep-
resentatives of Isopoda, seemingly lack extant
analogues with a similar body shape and similar
morphological features (Taylor, 1972). The first
finding of such fossils is from the lithographic
limestones of the Solnhofen area in Southern
Germany (Miunster, 1840, p. 184, 1842; Kunth,
1870). These fossils are strongly compressed and
there is not much brightness- or colour-contrast
between preserved cuticle and the sediment. For
a long time, it was not clear how many trunk seg-
ments there are in the type species of Urda — Urda
rostrata Munster 1840 — and its relatives (Mnster,
1840; Ammon, 1882; Stolley, 1910). This and the
lack of well-preserved mouthparts and locomotory
legs have led to disparate assumptions regarding
the phylogenetic position and the feeding mode
of U rostrata and related species (Ammon, 1882;
Carter, 1889; Monod, 1926; Menzies, 1962).
Studies on well-preserved fossils (Feldmann ez al.,
1994; Nagler et al., 2017) showed that the number
of trunk segments is the same as in the ground
pattern of Isopoda and in representatives of most
of its ingroups (Wigele, 1989). Nagler ¢t al. (2017)
studied multiple well-preserved fossil specimens of
Urda from the Middle Jurassic of Germany with
the aid of microcomputer tomography (pC'T).
This has revealed many aspects of the morphology
and allowed for a much more detailed comparison
to extant representatives of Isopoda.

In this study we compare fossils of the type
species of Urda, 1.c., Urda rostrata, to other fossils
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that have been attributed to Urda, with the goal — 2.3. DATA SOURCES

to find autapomorphies for a group Urda and to
identify which fossils actually can be attributed to
the group based on apomorphic character states.
By this we also re-examine the pCT scans from
Nagler et al. (2017). Our new findings are discussed
with regard to their implications on the functional
morphology and the phylogenetic relationship of
the fossils within Isopoda.

2. Material and methods

2.1. MATERIAL

The fossil and extant specimens presented in this
study come from multiple collections, including
those of museums and universities as well as those
of private collectors. The fossils originate from
Mesozoic sediments of Central Europe and Great
Britain.

2.2. INSTITUTIONAL ABBREVIATIONS

AM - Australian Museum, Sydney, Australia.
CeNak — Centre for Natural History, Hamburg,
Germany.

ES — Natural History Museum, Bielefeld (NaMU),
Germany.

GPIT — University of Tibingen, geological col-
lection, Tubingen, Germany.

GSE — British Geological Survey, Edinburgh, UK.
JME — Jura Museum Eichstiatt, Eichstitt, Bavaria,
Germany.

KG — British Antarctic Survey, Station KG, TFossil
Bluff, Alexander Island.

PIMUZ — Palacontological Institute and Museum
of the University of Zurich, Switzerland.

SMNK - State Museum of Natural History, Karl-
sruhe, Germany.

SNSB — BSPG — Bavarian State Collection for
Palacontology and Geology (part of the Bavarian
Natural History Collections), Munich, Germany.
SM — Sedgwick Museum of Earth Sciences (Uni-
versity of Cambridge), Cambridge, UK.

Three pCT data sets were obtained from MorphD-
Base (Grobe and Vogt, 2009). They are available
under creative commons licences at https://www.
morphdbase.de/?C_Nagler 20170221-M-130.1
(SNSB — BSPG 2011 I 50, permalink)
and at https://www.morphdbase.de/?C

Nagler 20170221-M-131.1 (SNSB — BSPG 2011
I 51, permalink) along with the publication of
Nagler et al. (2017). One pCT data set is reused
from Nagler and Haug (2016) and is now available

in the Zenodo online repository at https://doi.
org/10.5281/zenodo.7010104

Information about the correlation of (bio-)

stratigraphic units was retrieved from Hopson et
al. (2008), Owen (2002), from the databank of the
Sedgwick Museum of Earth Sciences, Univer-
sity of Cambridge http://www.3d-fossils.ac.uk/
fossil Type.cfm?typSampleId=20003067 (accessed
22.03.2021), and from Ogg ¢t al. (2016). Numerical
ages are according to Ogg et al. (2016).

2.4. IMAGING

Images of the fossils were recorded using different
macro photography setups including a Canon Rebel
T31 DSLR camera in combination with a Canon EF
18-55 mm {/3.5-5.6 objective and a Canon MP-E 65
mm /2.8 1-5x objective and a Nikon D7200 DSLR
camera in combination with a Laowa 100mm {/2.8
2x objective. Additionally, microscopic images were
recorded using a Keyence VHX 6000 digital micro-
scope and a Keyence BZ 9000 digital fluorescence
microscope. For the digital fluorescence microscope
an emitting light source with a mean wavelength
of 360 nm and a band width of 40 nm (used for
DAPI stains) and an emitting light source with a
mean wavelength of 470 nm and a band width of
40 nm (used for GI'P stains) were used (Haug et al.,
2011; Eklund et al., 2018). To obtain fluorescence
images with the macro photography setup, a 10 W
TATTU U2S ultraviolet light torch with a ZWB2
filter (emitting light of 365 nm wavelength) was
used in combination with a UV light filter mounted
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on the camera objective (e.g Tischlinger and
Arratia, 2013). For one specimen fluorescence was
induced by equipping white-light sources with cyan
filters and the image was captured using a red filter
mounted onto the camera objective (“green-orange
fluorescence” Haug et al., 2009; Haug and Haug,
2011). Where possible, diffuse lighting conditions
(e.g., using flash diffusers) or cross-polarised light
(Bengtson, 2000; Kerp and Bomfleur, 2011) was
used to obtain images with fewer reflections. Some
objects were imaged using an EPSON Perfection
1640SU flatbed scanner. The objects were placed
in different left-right positions onto the surface of
the scanner to obtain images from different viewing
angles (Schubert, 2000; Haug ez al., 2013).

X-ray computer tomography (nCT) was per-
formed at the Zoological State Coollection in Munich
using a Baker Hughes (General Electrics) ‘phoenix
nanotom m’ computer tomograph with a wolfram
target on a cvd diamond, along with the acquisition
software ‘datos|x’ (provided by the manufacturer).
All objects scanned for this study were rotated 360
degrees in steps of 0.25 degrees, resulting in total
scan times of 48 minutes for each object. The
scans were performed with the following x-ray
source settings: 120 kV, 100 pA. The volumetric
data were computed with the software VGStudio
MAX 2.2.6.80630 (Volume Graphics, propri-
etary). The resulting voxel sizes of the volumetric
data are 4.55246 pm for the specimen from Reiff
(1936, ‘Fundstiick I’, GPI'T-PV-76948), 13.86661
pm for ES/jb — 8744 and 18.44640 pm for the
specimen pair ES/jb — 30755 and ES/jb — 30756
(preserved in the same rock, scanned together). The
volumetric data are available in TIF format from
the Zenodo online repository under the following
links: GPIT-PV-76948 (https://doi.org/10.5281/
zenodo.7010162); ES/jb — 8744 (https://dou.
org/10.5281/zenodo.7011283) and ES/jb — 30755
(https://doi.org/10.5281/zenodo.7010968).

2.5. IMAGE PROCESSING

Images of different focal planes were fused
(‘extended depth of field’) (Pieper and Korpel,
1983; Itoh et al., 1989) using either CombineZP/

° | Boletin de la Sociedad Geoldgica Mexicana [ 75 (2) /| A220323 / 2023

CZBatch (Alan Hadley, GPL) in combination
with WINE (for running Windows applications
on Linux, LGPL) or enfuse (GPL) in combination
with Hugin (image alignment, GPL v.2.0). In some
cases, the blue colour channel was removed using
ImageMagick (Apache 2.0 license) prior to the focus
merging to eliminate glow effects around highly
fluorescent particles in the final images. Example
scripts for the use of the command line tools are
available at https://github.com/mcranium/mer-
foc (personal repository of the first author). Pan-
oramic stitching was performed either manually
using the unified transform tool and layer masks in
GIMP v.2.10.14 (GPL v.3.0) or automatically using
the ‘Grid/ Collection stitching” plugin (Preibisch et
al., 2009, GPL v.2.0) for Image]J (public domain).

The red-cyan stereo anaglyph images included
in this publication were either obtained as such
(creative commons license) or created manually
from images of slightly different viewing angles
(Wheatstone, 1838; Rollmann, 1853) using GIMP.
Red-cyan stereo anaglyph images can be converted
to other formats such as paired stereco images or to
wiggle images using free software such as GIMP or
kataglyph (GPL v.3.0, available at https://github.
com/mcranium/kataglyph).

For images from microscopy setups with fixed
magnifications, scale bars were created from
known pixel lengths, using Image] (public domain).
In some cases, enfuse or MacroFusion (graphical
interface for enfuse, GPL) were used to combine
the dynamic range of multiple images of the same
view, resulting in images without under- or overex-
posed areas (HDR, high dynamic range) (Fraser et
al., 2009). The images were optimised for colour,
brightness, contrast (‘levels’ and ‘curves’) and
sharpness (‘unsharp mask’) using GIMP. In some
cases, uninformative background was removed
(layer masks) or simulated (‘clone’ tool, marked by
dotted lines and explicitly stated in the figure cap-
tions. This was also done using GIMP.

2.6. 3D RECONSTRUCTION

Volume rendering of the pC'T data was performed
using Drishti 2.6.5 (MIT licence) (Limaye, 2012).
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Additionally, biological structures in 2D slices
of the pCT data were labelled manually using
TrakEM?2 (Cardona et al., 2012) in Fiji (GPL v.2.0)
(Schindelin et al., 2012). In one case Biomedisa
(Losel et al., 2020) was used to compute inter-
spersed labels based on the available image data.
The label maps were processed using the ‘joint’,
‘gaussian’ and ‘median’ smoothing algorithms in
3DSlicer (BSD style license) (Fedorov et al., 2012;
Kikinis et al., 2014) and subsequently exported as
3D meshes. Some of the meshes were post-pro-
cessed with the decimate, subdivision surface and
remesh modifiers in Blender 2.8.3 (GPL v.2.0)
(c.g. Sutton et al., 2014). Two-dimensional images
were rendered using the ‘Cycles’ raytracing engine
and a combination of ‘sun’ and ‘world’ lighting in

Blender.

2.7. DATA VISUALISATION AND GRAPHIC DESIGN

The visualisation of the age of the fossils and their
geographical distribution were created using R
v.4.04 (GPL v.2) and the packages dplyr (Wickham
et al., 2020), reshape2 (Wickham, 2007), ggplot?
(Wickham, 2009), ggtext (Wilke, 2020), deeptime
(Gearty, 2021), st (Pebesma, 2018), rnaturalearth
(South, 2017) and tmap (Tennekes, 2018). The
visualisation of the ages parallels a ‘Gantt chart’
(Gantt, 1910). The drawings and the arrangement
of the figure plates and labels were done in Ink-
scape v.1.0.1 (GPL v.3.0).

2.8. BODY ORGANISATION AND TERMINOLOGY
WITHIN ISOPODA

The body of most representatives of Isopoda is
composed of one ocular segment and 19 post-oc-
ular segments (PO 1-19). It consists of a head (PO
1-6) and a trunk (PO 7-19). The trunk is divided
into an anterior part (pereon, PO 7—13) with walk-
ing/grasping appendages, a posterior part (pleon
PO 14-18) with swimming/ventilation append-
ages (pleopods) and the last trunk segment that is
conjoined with the telson (pleotelson, PO 19) and
has swimming/steering appendages (uropods).

In some representatives of Isopoda, such as in
adults of Gnathiidae, postocular segment 7 is
functionally incorporated into the head. The
anterior-most appendages of the head are the
antennula (PO1) and the antenna (PO2). The
subsequent appendages form the mouthparts:
mandible, maxillula, maxilla and maxilliped.
In many representatives of Isopoda there is a
complex of three structures anterior or ante-
ro-dorsal to the mouthpart appendages: frontal
lamina, clypeus and labrum (from anterior to
posterior). In representatives of Gnathiidae
the frontal lamina is not developed as a dis-
tinct structure and the labrum is either not
developed (Monod, 1926; Wilson et al., 2011)
or conjoined with the clypeus. The clypeus or
a conjoined structure, consisting of clypeus
and labrum, functionally forms an ‘upper lip’.
Posterior to the mandible but arising from the
same segment there is a pair of sternal lobes
(paragnaths) that are functionally part of the
mouthparts.

The legs of postocular segments 7—-13 con-
sist of 7 elements, each: coxa, basipod, 1schium,
merus, carpus, propodus and dactylus (from
proximal to distal). In representatives of Scuto-
coxifera (ingroup of Isopoda) the coxae of the
anterior trunk are conjoined with the lateral
parts of the tergite and form a scale-like sclerite
lateral to the rest of the tergite (coxal plate)
(Dreyer and Wagele, 2002). In many represen-
tatives of Scutocoxifera the coxal plate of pos-
tocular segment 7 is conjoined with the rest of
the tergite. In larval forms of Gnathiidae and
Urda it 1s not clear whether there is a coxal plate
in postocular segment 7. In the larval forms of
Gnathiidae the coxa (or the coxal plate) of this
segment is separated from the tergite (or from
the rest of the tergite) and in the adult forms
the coxa is (as is the tergite) conjoined with the
head capsule. In Gnathiidae the first leg of the
anterior is functionally part of the mouthparts.
In Gnathiidae this leg (PO7) is often referred
to as ‘gnathopod’ (larval forms) and ‘pylopod’
(adults).

MATERIAL AND METHODS

)
=
(1]
(]
[v]
]
L
w
=
1S
v
v

=
0
(]
L)
(1]
Q
L
<
(L]
-
X
v

G
(<]
w
v

2
L

4y
v
1)

»n
)
(<]

s




RESULTS

(7]
<
5]
v
v
o]
-
(7]
=]
=
v
=
=
(7]
(]
L]
5]
[=3
)
<
o]
)
x
v
G
(<]
(7]
v
=
=
o
v
1=
»
(7]
(=]
L

http://dx.doi.org/10.18268/BSGM2023v75n2a220323

e | Boletin de la Sociedad Geoldgica Mexicana [ 75 (2) /| A220323 / 2023

3. Results

3.1. UPPER JURASSIC REMAINS FROM THE
SOLNHOFEN AREA — TYPE MATERIAL OF URDA
ELONGATA MUNSTER, 1840

Material: | specimen, complete body, SNSB
BSPG AS 493, holotype of Urda elongata Minster,
1840, figured in Miinster, 1840, pl. 1 fig. 3, lower
Tithonian, Hybonoticeras hybonotum Zone, Soln-
hofen, Bavaria, Germany.

Important morphological features: Total
body length 43 mm, body slender (Figures 1B,

1C). Eyes large, extending to the posterior mar-
gin of the head (Figures 1B, 1D). Upper lip large,
with rounded antero-lateral corners (Figure 1D).
Mandibular incisor large, projected in anterior
direction, curved 90 degrees inwards, distal part
of the incisor slender and with a pointed tip, dis-
tal parts of the left and right incisor extensively
overlapping (Figures 1B, 1D). Pleon tergite 3
slightly narrower than pleon tergite 2, posterior
margin with distinct convex mid part (Figure 1E).
Pleotelson posterior margin straight. Uropod
endopod extending to the level of the poste-
rior margin of the pleotelson. Uropod exopod

m Urda rostrata Miinster, 1840. A-D: SNSB BSPG AS 493 syntype of ‘Urda elongata’ (Miinster 1840 pl. 1 fig. 3), Upper Jurassic,
lower Tithonian, Hybonoticeras hybonotum Zone, Solnhofen, Bavaria, Germany. A: white light microscopy. B: red-cyan stereo anaglyph.

C: pleon region, epifluorescence microscopy. D: head region, epifluorescence microscopy. E: SNSB BSPG AS 496 syntype of ‘Reckur

punctatus’ (Miinster 1842 pl. 10 fig. 10; Kunth 1870 pl. 18 figs. 3, 3a), Upper Jurassic, lower Tithonian, Hybonoticeras hybonotum Zone,

Daiting, Bavaria, Germany, anterior region of the head, epifluorescence microscopy. ce, compound eye; md, mandible; pt, pleotelson;

t8-18, tergites of post-ocular segments 8-18; ub, uropod basipod; ul, upper lip; un, uropod endopod; ux, uropod exopod.
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narrower and shorter than the endopod (Figures ~ 3.3. UPPER JURASSIC REMAINS FROM THE
1B. 1 C) SOLNHOFEN AREA - ADDITIONAL MATERIAL

Remarks: In this specimen there is no indica-
tion of a long antenna or antennula, as it was Material: 11 specimens figured herein, many of
drawn in Minster (1840, pl. 1 fig. 3). In contrast
to the drawings in Kunth (1870, pl. 18 figs. 1-2,

depicting a different specimen of the same spe-

RESULTS

them complete bodies in various qualities of preser-
vation, Upper Jurassic, lower Tithonian, Hybonotic-
eras hybonotum Zone or lacking further information,
cies), the mandibles do not appear to be forked from the Solnhofen/Eichstatt area, Bavaria, Ger-
many. Not figured but inspected are: 6 specimens
of the Redenbacher collection (MB.A.922a-b —
MB.A.927), 1 specimen of the Edinger collection
(MB.A.4219) and 1 specimen figured in Kunth

(1870, pl. 18 fig. 1-2, MB.A.920).

and the upper lip extends much more in anterior
direction (Figure 1D).

3.2. UPPER JURASSIC REMAINS FROM THE SOLN-
HOFEN AREA - TYPE MATERIAL OF RECKUR PUNC-
TATUS MUNSTER, 1842

Material: | specimen (part and counterpart),
holotype of Urda punctata (Reckur punctatus)
Minster, 1842, SNSB BSPG AS 496 and
MB.A.0921 (part and counterparts are in differ-
ent museums), figured in Minster, 1842, pl. 4 fig.
10 as ‘Reckur punctatus’ and in Kunth, 1870, pl.
18 figs. 3, 3a as ‘Urda punctata’ (clearly depicting
MB.A.0921), Upper Jurassic, lower Tithonian,
Hybonoticeras hybonotum Zone, Daiting, Bavaria,
Germany.

Important morphological features: 'Total
body length 52 mm. Eyes large, extending to the
posterior margin of the head (Figure 2). Upper
lip large. Mandibular incisor large, projected in
anterior direction, curved 90 degrees inwards
(Figure 1A). Pleon tergite 3 posterior margin with
distinct convex mid part (Figure 2A). Pleotelson
posterior margin straight to slightly concave (Fig-
ure 2B).

Remarks: The upper lip in this specimen is not
well preserved and the structures that are inter-
preted by Kunth (1870, pl. 18 fig. 3) as the ante-
rior and lateral margins could also be parts of
the mandibles (Figure 1A). A triangular structure
on the ventral side of the head, as depicted in
Kunth (1870, pl. 18 fig. 3a) corresponds to a gap
between the proximal parts of the mandibular
incisor, the sclerite in this place is not delimited
posteriorly and likely corresponds to the dorsal
part of the head capsule (the fossil appears to be
accessible in ventral view).

Important morphological features: Total body
lengths (complete specimens only): 36.6 mm (Figure
3C), 39 mm (Figure 4A), 42 mm (Figure 5B), 44.4
(Figure 6A), 60-67 mm (Figure 7, specimen slightly
distorted). Body slender, widest in the mid-part at
the level of post-ocular segments 10-11 (Figures 3,
4A, 5A, 5B). Eyes large and clongate, extending to
the posterior margin of the head, consisting of at
least 5 rows of ommatidia, slightly tapering towards
the posterior end (Figures 4D, 5C, 5D). Upper lip
with proximal joint straight and wide, distal part
wider than proximal part, latero-distal corners
rounded (Figure 6). Antennula or antenna elements
longer than wide (Figure 6D). Mandibles sturdy,
with longitudinal edges (Figures 5F-5G). Tergite
of PO7 short and narrower than the head, with
distinct convex posterior margin (Figures 3D, 7A,
7B). Pleon with lateral outline straight and about
parallel, slightly tapering towards the posterior end.
Pleon tergites 1-3 with posterior margin overall
concave, convex in the mid-part and concave in
the lateral parts (Figures 3B, 3C). Pleotelson on the
ventral side with transverse rounded ridges in the
anterior half, from the lateral sides of the anterior
margin to the mid-part of the lateral margin (Figure
3C). Pleotelson posterior margin straight to slightly
concave in the mid-part (Figure 6).

3.4. LOWER CRETACEOUS FOSSIL REMAINS FROM
CAMBRIDGE, UK

Material: 3 specimens, syntypes of Urda mccoyi
(Palaega McCoyi) (Carter, 1889), partially preserved
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bodies including head, trunk and pleotelson, SM
B 23295, SM B 23296, and SM B 23297, figured
in Carter (1889, pl. 6 figs. 1-2, 4-7) as “Palacga
McCoyr’ and in Feldmann, Wieder and Rolfe
(1994, fig. 2.3-2.4, 2.6) as ‘Urda mccoyr’, Lower
Cretaceous, Albian, Cambridge, Cambridgeshire,
England, UK.

Important morphological features: 'lotal
body length about 30 mm (reconstructed from
Figure 8A, 8C, 8E). Body elongate, with about
parallel lateral outlines. Head roughly rectangular

in dorsal view, posterior side of the head straight.

e | Boletin de la Sociedad Geoldgica Mexicana [ 75 (2) /| A220323 / 2023

Eyes on the lateral sides of the head, with poste-
rior end at about two thirds of the length of the
head. Tergite of PO7 very short, narrower than
the head, posterior side convex. Tergite of PO8
much longer than that of PO7 and wider than the
head. Coxal plates of PO8-9 with straight lateral
margin parallel to the lateral margin of the tergite
(Figures 8A, 8B). Coxal plate of PO10 anterior
part wide, posterior part narrower. Coxal plates
of PO11-13 anterior part narrow, posterior part
wider. Tergite of PO13 postero-lateral corner
pointed or tightly rounded (Figures 8C, 8D). Pleon

Urda rostrata Minster, 1840 (Urda punctata sensu Kunth 1870), SNSB BSPG AS 496 syntype of ‘Reckur punctatus’ (Miinster,
1842 pl. 4 fig. 10; Kunth, 1870 pl. 18 figs. 3, 3a), Upper Jurassic, lower Tithonian, Hybonoticeras hybonotum Zone, Daiting, Bavaria,
Germany. A: epifluorescence microscopy. B: white light microscopy. C: red cyan stereo anaglyph. ce, compound eye; cp13, coxal plate of
post-ocular segment 13; md, mandible; pt, pleotelson; t14-18, tergites of post-ocular segments 14-18; ub, uropod basipod; ux, uropod
exopod.
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tergites with lateral parts curved ventrally. Pleon
tergites 3—4 with posterior margins evenly con-
cave. Pleotelson gradually tapering towards the
posterior side, posterior-most part not preserved
in the syntypes (Figures 8E, 8F).

3.5. LOWER CRETACEOUS REMAINS FROM
ALGERMISSEN, GERMANY

Material: 3 specimens, syntypes of Urda cretacea
Stolley, 1910, one of them almost complete, two
partially preserved, all of them no longer available

(destroyed in a museum fire), results based on the
detailed description and the figures Stolley (1910,
pl. 6 figs. 2-4) as , Lower Cretaceous, Aptian,

‘middle Gault’, ‘Acanthoplites Schichten’, Alger-
missen (Hildesheim), Lower Saxony, Germany.

Important morphological features: Total
body length about 50 mm. Head rectangular
in dorsal view, anterior margin with a straight
median portion (proximal joint of the upper lip)
and paired concave rounded incisions lateral to it
(space for the proximal elements of the antennula).
Eyes large and elongate, posterior end at about two
thirds of the length of the head. Upper lip large,
clongate bulge along the midline, anterior margin
with a rounded median process. Tergite of PO7
very short, narrower than the head. Subsequent
tergites of the anterior trunk much longer than
that of PO7. Coxal plate of POS triangular. Coxal

m Urda rostrata Minster, 1840, private collection of ‘Leptolepides’ (German private collector), Upper Jurassic, lower Tithonian.
A-C: specimen 1, Schernfeld (Eichstatt), Bavaria, Germany. A: red-cyan stereo anaglyph. B-C: UV light (365 nm) macro photography. B:
specimen 1 C: specimen 1, counterpart to A and B. D: specimen 2, Blumenberg (Eichstatt), Bavaria, Germany, UV light (365 nm) macro
photography, composite image of part and counterpart. ce, compound eye; cp 12-13, coxal plates of post-ocular segments 12-13; md,
mandible; pt, pleotelson; t7-18, tergites of post-ocular segments 7-18; ub, uropod basipod; ul, upper lip; un, uropod endopod; ux, uropod
exopod.
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plate of PO9 parallelogram shaped in lateral view. ~ 3.6. MIDDLE JURASSIC REMAINS FROM THE CHRIBY
Coxal plates of PO11-12 large, with straight =~ MOUNTAINS, CZECH REPUBLIC

lateral sides parallel to the lateral margins of the

tergites, antero-lateral corner angled, postero-lat- Material: | specimen, partially preserved (poste-

eral corner rounded. Pleon tergites with straight rior body region), collection of the University of

posterior margins, lateral parts curved to to ventral Vienna, specimen not accessed; results based on

the description and the figures illustrated in Remes
(1912, pl. 1 figs. 1-3) as ‘Urda moravica’, Middle
Jurassic, Bathonian, ‘Braunjura epsilon’, Chtiby

side. Pleon tergites 2—5 with pointed postero-lat-
eral corners. Pleotelson about as wide as long,

lateral margins in the anterior part curved to the
mountain region, near Korycany, Zlin Region,

Czech Republic.
Important morphological features: Body

ventral side, posterior margin evenly rounded.
Remarks: In the original description Stolley

(1910) listed only 6 tergites of the anterior trunk,

as opposed to 7 (PO7-13) in the ground pattern elongate, much longer than wide. Length of

of Isopoda. However, in one of the original pho- preserved  body parts (POl1?-pleotelson) 23

tographs (Stolley, 1910’ pl. 6 ﬁg. 2) a very short mim. Segments of the anterior trunk long. Pleon

and wide structure is visible between the head and segments much shorter than the segments of the

the subsequent tergite, most likely corresponding anterior trunk, posterior margins about straight,

to the teroite of PO7 with slightly convex mid part and concave lateral
g .

Thttai

.
IR » .
L '

1

3 L SRS,

m Urda rostrata Miinster, 1840, macro photography, images are courtesies of the collectors. A: private collection of Herbert Gratt
(Brixlegg, Austria), Upper Jurassic, lower Tithonian, Hybonoticeras hybonotum Zone, Wegscheid (Eichstatt), Bavaria, Germany. B: private
collection of Manfred Ehrlich (Bohl-lggelheim, Germany), Upper Jurassic, lower Tithonian, Blumenberg, Eichstatt, Bavaria, Germany. C:
private collection of Udo Resch (Eichstatt, Germany), Upper Jurassic, lower Tithonian, Schernfeld (Eichstatt), Bavaria, Germany. D: priva-
te collection of Manfred Ehrlich (Bohl-lggelheim, Germany), Upper Jurassic, lower Tithonian, Blumenberg, Eichstatt, Bavaria, Germany.
E: private collection of Falk Starke (Bodenwerder, Germany), Upper Jurassic, lower Tithonian, Schernfeld, Bavaria, Germany. cc, calcite
crystals, ce, compound eyes; cp10-13, coxal plates of post-ocular segments 10-13; h, head; md, mandible; t7-18, tergites of post-ocular
segments 7-18; pt, pleotelson; ul?, possible remain of the upper lip; un, uropod endopod; ux, uropod exopod.
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parts, based on the drawing (Remes, 1912, pl. 1 fig. ~ 3.7. MIDDLE JURASSIC REMAINS FROM AUBENAS,

4). Pleotelson longer than wide, posterior margin ~ FRANCE

with narrow straight mid part.

Remarks: Remes (1912) interpreted the fossil Material: 1 specimen, holotype of Urda rhodanica

to represent the complete body of the animal. (Van Straelen, 1928), partially preserved (posterior

However, what Remes (1912) interpreted as the body region, PO9-pleotelson), Institut de Géolo-

head, likely corresponds to the fourth or the fifth gie de I'Universit¢ de Lyon, Callovian, Aubenas,

segment of the anterior trunk, the eyes being coxal Ardeche, France. Specimen not accessed, results

based on the description and the figures (Van
Straelen, 1928, p. 13, text fig. 1, pl. 1 fig. 1).

plates and the large mandibles being the lateral
margins of the trunk segment.

2D TE T e e s A L LY
Urda rostrata Miinster, 1840, macro photography. A-E: JMS-288, private collection of Udo Resch (Solnhofen), Upper Jurassic,
lower Tithonian, Blumenberg (Eichstatt), Bavaria, Germany. B: counterpart of A. C: counterpart of A, head region. D: same view as C, red-
cyan stereo anaglyph. E: counterpart of A, pleotelson region. F-G: JME SOS 1794, lower Tithonian, Upper Jurassic, greater Solnhofen area,
Bavaria, Germany. G: red-cyan stereo anaglyph. ce, compound eye; cp 10-13, coxal plates of post-ocular segments 10-13; md, mandible;
pt, pleotelson; t7-18, tergites of post-ocular segments 7-18; ub, uropod basipod; ul, upper lip; un, uropod endopod; ux, uropod exopod.
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Important morphological features: Body large, ~ 3.8.LOWER JURASSIC REMAINS FROM REUTLINGEN,
GOPPINGEN AND AALEN, GERMANY

about 90-100 mm (estimation by Van Straelen
1928), longer than wide. Coxal plates of PO9—-13
with transverse furrow in the anterior part. Coxal
plates of 10—11 of about the same size; coxal plates
of POI11-13 increasing in size. Pleon segment 2
narrower than pleon segment 1. Pleotelson about
as long as coxal plate of PO13, in the anterior part
with an elevation orthogonal to the midline, with a
carina along the midline posterior to the elevation,
posterior margin concave in the median part. Uro-
pod endopod and exopod distally extending up to
the level of the pleotelson posterior margin.

Material: 1 specimen, paratype of Palaega kessler:
Reiff, 1936, figured in Reiff (1936, ‘Fundstiick A,
fig. la—c, pl. 1 figs. 4-5), GPI'T-PV-76947, Lower
Jurassic, Pliensbachian, ‘Lias delta’, Amaltheen-
ton Formation, Reutlingen, Baden-Wiirttemberg,
Germany. 1 specimen, paratype of Palaega kessler:
Reiff, 1936, figured in Reiff’ (1936, ‘Fundstiick
B’, fig. 2), collection of the municipal museum
of Natural History in Géppingen, without acces-
sion number, Lower Jurassic, Pliensbachian,

m Urda rostrata Miinster, 1840, private collection of Daniel Fauser (Schwidbisch Gmiind, Germany), Upper Jurassic, lower Ti-
thonian, Wegscheid (Eichstatt), Bavaria, Germany. Note the preservation of the pleotelson and the uropod endopod. A-B: macro photo-
graphy, diffused white light illumination. B: detail of the head region. C-D: UV light (365 nm) macro photography. D: detail of the head
region. an, element of either antennula or antenna; an?, possible remain of either antennula or antenna; atu, antennula; ce, compound
eye; cp10, coxal plate of post-ocular segment 10; md, mandible; pt, pleotelson; t7-18, tergites of post-ocular segments 7-18; ul, upper
lip; un, uropod endopod.
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‘Lias delta’, Amaltheenton Formation, Holzheim
(Goppingen), Baden-Wiirttemberg, Germany. 2
specimens, holotype of Palaega kessler: Reiff, 1936,
figured in Reiff (1936, ‘Fundstick C°, figs. 34,
pl. 1 figs. 1-3, pl. 2 figs. 1-2), paratype of Falacga
kessler: Reiff, 1936, figured in Reiff (1936, ‘Fund-
stick D, fig. 5), collection of the State Museum
of Natural History Karlsruhe, destroyed during
World War II (E. Frey, 2020, pers. comm.), Lower
Jurassic, Pliensbachian, ‘Lias delta’, Amaltheenton
Formation, Reichenbach (Aalen), Baden-Wirt-
temberg, Germany.

Ri7)f Ycp9)
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Important morphological features: Total
body length roughly 30 mm (Figures 9C, 9D). Body
clongate, widest at trunk segment 5. Head widest in
the posterior part, anterior margin with a straight
median portion (proximal joint of the upper lip) and
paired concave rounded incisions lateral to it (space
for the proximal elements of the antennula). Eyes
large, clongate, posterior end extending to the pos-
terior margin of the head, dorsal margin straight,
ventral shorter than the dorsal margin (Figure 9A).
Prominent dorsoventral ridge on the lateral side of
the head directly anterior to the eyes (Figures 10A,

Urda rostrata Miinster, 1840, private collection of Norbert Winkler (Stahnsdorf, Germany), Upper Jurassic, lower Tithonian,
Hybonoticeras hybonotum Zone, Wegscheid (Eichstatt), Bavaria, Germany, green-orange fluorescence macro photography, desaturated.
A: positive side. B: negative side. C-D: details of the head and anterior-most trunk region, red-cyan stereo anaglyphs based on lumines-
cence-inverted fluorescence images. C: positive side. D: negative side. E: composite image of the positive and the negative side with
focus on the fluorescent body parts. al 1, appendage of post-ocular segment 11; al2?, possible appendage of post-ocular segment 12;
b8-11, basipods of post-ocular segments 8-11; ce, compound eye; cp9-13, coxal plates of post-ocular segments 9-13; i8, ischium of
post-ocular segment 8; m8, merus of post-ocular segment 8; md, mandible; pt, pleotelson; t7-18, tergites of post-ocular segments 7-18;
ul, upper lip; ux, uropod exopod.
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10B). Upper lip large, along the midline with slight ~ 3.9. LOWER JURASSIC REMAINS FROM GOPPINGEN
AND KIRCHEIM UNTER TECK, GERMANY

RESULTS

clongate bulge, anterior margin with a rounded
median process (Reiff, 1936, fig. 3b). Antennula
with proximal-most element about as wide as long
and with a flat surface parallel to the dorsal surface
of the head (Figures 10A, 10B). Tergite of PO7
very short, barely visible in the photograph, not
depicted in the original drawings (Reift, 1936 pl. 2

figs 1-2). PO8 with distinct concave anterior mar-
gin (Figures 9C, 9D, 9F). PO11-13 longer than
the preceding segments (Figures 9C—L, 10A, 10B).

Material: | specimen, holotype of Palaega suevica
Reiff, 1936, figured in Reift (1936, ‘Fundstick E’,
figs. 7-9, pl. 1 figs. 6-9, pl. 2 fig. 3), collection of
the State Museum of Natural History Karlsruhe,
destroyed during World War II (E. Frey, 2020,
pers. comm.), Lower Jurassic, Pliensbachian,
‘Lias delta’, Amaltheenton Formation, Holzheim
(Goppingen), Baden-Wiirttemberg, Germany. 1

specimen, paratype of Palaega suevica Reiff, 1936,
figured in Reiff (1936, ‘Fundstick F°, fig. 10, pl. 2

Uropod exopod narrow, distal end acute with a
rounded tip (Figures 9C, 9D).

Urda mccoyi (Carter, 1889) sensu Feldmann, Wieder, and Rolfe (1994), syntypes, lower Cretaceous, Albian, Cambridge, Cam-
bridgeshire, England, UK, images from 3d-fossils.ac.uk (CC BY-NC-SA 3.0). A-B: SM B 23295, dorsal view. A: macro photography. B: red-
cyan stereo anaglyph. C-D: SM B 23296, dorsal view. C: macro photography. D: red-cyan stereo anaglyph. E-F: SM B 23297, dorsal view.
E: macro photography. F: red-cyan stereo anaglyph. ce, compound eye; cp8-13, coxal plates of post-ocular segments 8-13; h, head; pt,
pleotelson; t7-16, tergites of post-ocular segments 7-16.
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fig. 4-6) as ‘Palaega suevica’, GPI'T-PV-76948, Lower
Jurassic, Pliensbachian, ‘Lias delta’, Amaltheenton
Formation, Kirchheim unter Teck, Baden-Wirt-
temberg, Germany.

Important morphological features: 'lotal
body length roughly 55 mm (Figures 10C, 10D).
Body elongate, widest at PO11. Head widest in
the posterior part, anterior margin with a straight
median portion (proximal joint of the upper lip)
and paired concave rounded incisions lateral to it
(space for the proximal elements of the antennula).
Eyes large, elongate, posterior end extending to
the posterior margin of the head, dorsal margin
straight in lateral view, ventral margin straight and

shorter than the dorsal margin, anterior margin

slightly convex in lateral view, posterior margin
oblique and straight in lateral view (Figures 10D,
10], 11A, 11F). Prominent dorsoventral ridge on
the lateral side of the head directly anterior to the
eyes (Figures 10C, 10]). Upper lip large, along the
midline with slight elongate bulge, anterior margin
with a rounded median process, proximal-most
part with a distinct transverse ridge on the dorsal
side (Reiff, 1936, fig. 10; Figures 10E-I, 11B-F).
Mandible incisor large strongly curved inwards,
with a pointed tip (Reiff, 1936, figs. 7b, 8, 10, pl. 2
fig. 6), lateral side of the incisor with a longitudinal
ridge (Figures 11B, 11F), ventral side of the incisor
with a curved ridge (Figures 11B, 11C). Maxillula
about as long as the anterior-posterior extent of

m Urda suevica (Reiff, 1936) n. comb. A-B: syntype of ‘Palaega kessleri’ (Reiff 1936, fig. 2, ‘Fundstiick B’), Natural History Museum
Goppingen, without accession number, Lower Jurassic, Pliensbachian, Goppingen, Germany. A: cross-polarised light microscopy, areas
left and right to dotted lines are added digitally. B: macrophotography, red-cyan stereo anaglyph. C-F: syntype of ‘Palaega kessleri’
(Reiff 1936, fig. 1, pl. 1, fig 4-5, ‘Fundstiick A’), GPIT-PV-76947, Lower Jurassic, Pliensbachian, Reutlingen, Germany. C: dorsal view, white
light microscopy, HDR. D: dorsal view, cross-polarised light microscopy. E: lateral view from the left body side, cross-polarised light
microscopy. F: lateral view from the right body side. cp9-13, coxal plates of post-ocular segments 9-13; pt, pleotelson; t8-13, tergites of
post-ocular segments 8-13; ub, uropod basipod; un, uropod endopod; ux, uropod exopod.
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the mandibles, slender, straight, tapering towards
the distal end, dorsal side with a curved longitu-
dinal ridge (Figures 10F, 10G). Maxilliped wider
than the maxillula, proximal part possibly with a
leaf shaped lateral expansion (Figures 10F, 10G);
alternatively, this structure could be part of the

head capsule. Tergite of PO7 short (Figure 11E),
see also the gap along the midline between the pos-
terior margin of the head and the anterior margin
of the subsequent tergite (Figure 10C). Tergite of

PO8 with distinct concave anterior margin (Reiff,
1936, fig. 5; Figure 10C).

m Urda suevica (Reiff, 1936) n. comb. A-B: syntype of ‘Palaega kessleri’ (Reiff, 1936, fig. 3, pl. 1 figs 1-3, pl. 2 figs 1-2, ‘Funds-
tiick C’), SMNK, object destroyed, Early Jurassic, Pliensbachian, Reichenbach (Aalen), Germany. A: lateral view from the left body side,
redrawn from Reiff (1936, fig. 3¢). B: dorsal view, redrawn from Reiff (1936, fig. 3a). C-D, J: syntype of ‘Palaega suevica’ (Reiff, 1936,
fig. 7, pl. 1 figs. 6-9, pl. 2 fig. 3, ‘Fundstiick E’), SMNK, object destroyed, Lower Jurassic, Pliensbachian, Holzheim (Goppingen), Germany,
redrawn from Reiff (1936). C: dorsal view, redrawn from Reiff (1936, fig. 7a). D: lateral view from the right body side, redrawn from
Reiff (1936, fig. 7c). E-1: syntype of ‘Palaega suevica (Reiff 1936, fig. 10, pl. 3, fig. 4-6, ‘Fundstiick F’), GPIT-PV-76948, Lower Jurassic,
Pliensbachian, Kirchheim unter Teck, Germany, 3D models based on uCT scanning data. E: frontal view. F: dorsal view, light blue area
with dotted outline depicts broken-off parts that are visible in the original figures (Reiff 1936). G: ventral view. H: lateral view from the
left body side. I: lateral view from the right body side. J: same specimen as in C-D, detail of the head in dorsal view, redrawn from Reiff
(1936, fig. 8a). an, antennular notch; atu, antennula; b11-12, basipods of post-ocular segments 11-12; ce, compound eye; cp9-13, coxal
plates of post-ocular segments 9-13; h, head; md, mandible; mxp, maxilliped; mxp?, possibly part of the maxilliped; mxu, maxillula; pt,
pleotelson; t8-18, tergites of post-ocular segments 2-7; ul, upper lip; ?, unknown body part.
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3.10. LOWER JURASSIC REMAINS FROM OSTRINGEN,
GERMANY

Remarks: From the drawing it is not completely

Material: | specimen, holotype of Urda lLasica
Frentzen, 1937, posterior part of the body, figured
in Frentzen (1937, text fig. 1b), collection of the
State Museum of Natural History Karlsruhe,
destroyed during World War II (E. Frey, 2020, pers.
comm.), Lower Jurassic, Toarcian, Phlyseogrammoc-
eras dispansum Zone, ‘Lias zeta’, Dinkelberg, small
hill north of Ostringen, Baden-Wiirttemberg,
Germany.

Important morphological features: Body
clongate, length of the preserved part 15 mm
(POl1-pleotelson). PO11-12 long, with large
coxal plates. Pleon tergites much shorter and of
about the same width than the tergites of the
anterior trunk region. Pleotelson elongate, about
as wide as long, with an evenly rounded posterior

margin.

apparent to which segments some of the sclerites
belong. The presence of 3 pairs of coxal plates
suggests that the anterior-most sclerite belongs to

PO11.

3.11. LOWER CRETACEOUS REMAINS FROM
STEMMERBERG (HANNOVER), GERMANY

Material: 1 specimen, holotype of Palaega stemmer-
bergensis Malzahn, 1968, massively affected by pyrite
decay to the time of the original description, figured
in Malzahn (1968 pl. 58, figs. 1, 2, 4-6), collection
of the Niedersachsisches Landesamt fiir Bodenfor-
schung, specimen lost or misplaced (C. Heunisch,
2019, pers. comm.), Lower Cretaceous, Hauterivian,
Endemoceras noricum Z.one, drill core ‘Stemmerberg 7,
Stemmerberg (Hannover), Lower Saxony, Germany.
Important morphological features: DBody
elongate, total body length about 27 mm (Malzahn,

MUrda suevica (Reiff, 1936) n. comb., syntype of ‘Palaega suevica’ (Reiff 1936, fig. 10, pl. 3, fig. 4-6, ‘Fundstiick F’), GPIT-
PV-76948, Lower Jurassic, Pliensbachian, Kirchheim, Germany. A: dorsal view, cross-polarised light microscopy, high dynamic range.
B-D, F: volume rendered images from puCT scanning data, orthographic projection. B-C: fronto-ventral view. C: red-cyan stereo ana-
glyph. D: frontal view. E: raw puCT volume, median-sagittal plane. F: lateral view from the rigt body side, mirrored. am, artificial matrix
(likely gypsum); an, antennular notch; ce, compound eye; hc, head capsule; md, mandible; om, original sediment matrix; t7-8, tergites of
post-ocular segments 7-8; ul, upper lip; ?, unknown body part or sediment structure.
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1968, p. 828). Head wider than long (Malzahn,
1968, fig. 4), anterior margin of the head with
a straight median portion (proximal joint of the
upper lip) and paired concave rounded incisions
lateral to it (space for the proximal elements of
the antennula) (Malzahn, 1968, figs. 1-2). Eyes
large, on the lateral sides of the head, elongate,
kidney shaped, with pentagonal and hexagonal
ommatidia (Malzahn, 1968, p. 829). Antennula
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with proximal article about as wide as long and
with a flat to slightly convex surface parallel to the
dorsal surface of the head (Malzahn, 1968, figs.
1-2). Upper lip large (Malzahn, 1968, figs. 1-2).
Mandible incisor large, curved inwards (Malzahn,
1968, p. 829). Tergite of PO7 short and narrow
(Malzahn, 1968, fig. 4). Leg of PO7 on the ventral
side of the head and projected anteriorly (Malz-
ahn, 1968, p. 829). PO8 with coxal plate about

Urda buechneri n. sp., Middle Jurassic, Bajocian, quarry ‘Bethel 1°, Bielefeld, North Rhine-Westphalia. A-D: SNSB - BSPG 2011
1 50a (figured in Nagler et al., 2017 as ‘Urda rostrata’). A: dorsal view, cross polarised light microscopy. B: head in antero-dorsal view,
cross polarised light microscopy. C: red-cyan stereo anaglyph version of B. E: SNSB - BSPG 2011 | 50b (counterpart of A-D, figured
in Nagler et al., 2017 as ‘Urda rostrata’), macro photography. a5, appendage of post-ocular segment 5; atu, antennula; c10, carpus of
post-ocular segment 10; ce, compound eye; cp8-13, coxal plates of post-ocular segments 8-13; d10, dactylus of post-ocular segment 10;
md, mandible; pp10-12, propodi of post-ocular segments 10-12; pt, pleotelson; t7-18, tergites of post-ocular segments 7-18; ub, uropod
basipod; ul, upper lip; un, uropod endopod; ux, uropod exopod.



http://dx.doi.org/10.18268/BSGM2023v75n2a220323

Boletin de la Sociedad Geoldgica Mexicana [ 75 (2) /| A220323 / 2023 / @

rectangular (Malzahn, 1968, p. 830). Pleon tergite figs. 3-5), A406 collection of the Geology
5 longer along the midline than preceding tergites Department, University of Auckland, Upper "
(Malzahn, 1968, fig. 5). Pleotelson about as wide as Jurassic, middle to upper Tithonian, locality H
long (Malzahn, 1968, fig. 5). R13/£7080, Huriwai River, near Port Waikato, 5
North Island, New Zealand. [~
3.12. UPPER JURASSIC REMAINS FROM THE HURIWAI Important morphological features: Body
RIVER, NEW ZEALAND elongate, length of the preserved part (trunk
segment 6 to pleotelson) 15.1 mm (Grant-
Material: 1 specimen, holotype of Urda zelan- Mackie et al., 1996, p. 36). Pleotelson slightly
dica Buckeridge and Johns, 1996, posterior part wider than long, posterior margin evenly
of the body, figured in Grant-Mackie e al. (1996 rounded.

m Urda buechneri n. sp. SNSB - BSPG 2011 | 51 (figured in Nagler et al., 2017 as ‘Urda rostrata’), Middle Jurassic, Bajocian,
quarry ‘Bethel 1’, Bielefeld, North Rhine-Westphalia, Germany, cross-polarised light microscopy. A: lateral view. B: dorsal view. C-D: head
and anterior trunk region in anterodorsal view. D: red-cyan stereo anaglyph. c8, carpus of post-ocular segment 8; ce, compound eye;
cp8-13, coxal plates of post-ocular segments 8-13; h, head; i8-9, ischia of post-ocular segments 8-9; m8, merus of post-ocular segment
8; pp8-11, propodi of post-ocular segments 8-11; t7-14, tergites of post-ocular segments 7-14; ul, upper lip.
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Remarks: The description in Grant-Mackie et
al. (1996) rests upon the assumption that there are
only 6 tergites of the anterior trunk. Therefore,
their PO11 is herein interpreted as PO12.
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1G, E, fig. 2, fig. 3D-F, fig. 4A . B, C _,, fig. 5)
as ‘Urda rostrata’, Middle Jurassic, Bajocian, Parkin-
soma parkinsont Zone, quarry ‘Bethel 1°, Bielefeld,

North Rhine-Westphalia, Germany.

Important morphological features: Body
3.13. MIDDLE JURASSIC REMAINS FROM BIELEFELD,

GERMANY - MATERIAL PRESENTED IN NAGLER et

elongate, much longer than wide, total body length
about 35 mm (Figure 12A). Head anterior margin
al. (2017) with a straight median portion (proximal joint of
the upper lip) and paired shallow concave rounded

Material: 2 specimens, SNSB — BSPG 2011 I 50a,b
figured in Nagler et al. (2017, fig. 1A-B, D, G, fig.
3A-C, fig. 4A6, fig. 6) as ‘Urda rostrata’ and SNSB —
BSPG 2011 I 51, figured in Nagler et al. (2017, fig.

incisions lateral to it (space for the proximal ele-
ments of the antennula), posterior margin straight
(Figures 12A-12C, 13C, 13D). Eyes on the lateral
sides of the head, elongate, posterior end at about

m Urda buechneri n. sp. SNSB - BSPG 2011 | 50a (figured in Nagler et al., 2017 as ‘Urda rostrata’), Middle Jurassic, Bajocian,
quarry ‘Bethel 1’, Bielefeld, North Rhine-Westphalia, Germany, volume rendered images from pCT scanning data. A-B: ventro-lateral view
from the left body side. B: red-cyan stereo anaglyph. C-D: ventral view. D: red-cyan stereo anaglyph. E-F: lateral view from the right body
side. F: red-cyan stereo anaglyph. G-H: head and anterior trunk region in antero-ventro-lateral view from the right body side. H: red-cyan
stereo anaglyph. at, antenna; atu, antennula; c8-13, carpi of post-ocular segments 8-13; ce, compound eye; d11-12, dactyli of post-ocular
segments 11-12; h, head; i7-12, ischia of post-ocular segments 7-12; m8-11, meri of post-ocular segments 8-11; md, mandible; mxp,
maxilliped; t7-13, tergites of post-ocular segments 7-13; pp8-13, propodi of post-ocular segments 8-13; pt, pleotelson; ub, uropod basi-
pod; un, uropod endopod; ux, uropod exopod.
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% of the heads length (Figures 12A, 13A, 13C,
13D). Lateral side of the head on the anterior end
with distinct dorsal-ventral ridge (anterior to the
eye) (Figures 12A—12C). Antennula proximal-most

element. Antenna short, two clongate cylindrical
elements (‘peduncle’), followed by multiple much
shorter elements (‘flagellum’; Figure 14). Upper
lip large, wider than long, trapezoid, distal part

element with flat surface parallel to the dorsal sur- wider than proximal part, anterior margin with

face of the head, subsequent elements about cylin- a rounded median process (Figures 12B, 12C).

drical, much narrower than the proximal-most Mandible incisor large, about 90 degrees curved

m A: Paragnathia formica (Hesse, 1864), head in ventral view, redrawn after Monod (1926, p. 75 figs. 30, 33, 34). B-G: details
of A, ventral view. B: upper lip. C: mandible. D: paragnath. E: maxillula. F: possible maxilla. G: maxilliped. H: Bythognathia yucatanensis
Camp, 1988, head in ventral view, redrawn from Camp (1988, pp. 670-671 figs. 1-2). I-J: Nerocila acuminata Schiédte and Meinert, 1881,
3D reconstruction based on uCT data from Nagler et al. (2017). I: mouthparts in ventral view. J: left mandible in ventral view. K-N: Urda
buechneri n. sp. (Urda rostrata sensu Nagler et al. 2017), 3D reconstruction of the mouthparts based on puCT data from Nagler et al.
(2017). K-L: SNSB - BSPG 2011 1 50. K: ventral view. L: antero-ventral view. M-N: SNSB - BSPG 2011 I 51, note that the distal parts of the
mandibles are missing. M: ventral view. N: lateral view from the left side of the body. at, antenna; atu, antennula; b7, basipod of post-ocu-
lar segment 7; c7, carpus of post-ocular segment 7; ce, compound eye; cx7, coxa of post-ocular segment 7; d7, dactylus of post-ocular
segment 7; i7, ischium of post-ocular segment 7; m7, merus of post-ocular segment 7; m7?, possible merus (and/or carpus) of post-ocu-
lar segment 7; md, mandible; mx, maxillula; mx?, possible maxillula; mxp, maxilliped; mxu, maxillula; pg, paragnath; pp7, propodus of
post-ocular segment 7; ul, upper lip.
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inward, with a pointed tip (Figures 12B, 12C,
14C, 14D, 14G, 14H, 15K, 15L). Tergite of PO7
very short and narrower than the head, posterior
margin straight (Figures 12A, 13A). Leg of PO7
parallel to the ventral side of the head, its distal

end pointing in anterior direction (to the mouth
parts), coxa short, not visible in lateral view, basi-
pod widening towards the distal end, ischium
about as long as the preceding element, widening
towards the distal end, merus much shorter than

m Urda buechneri n. sp. SNSB - BSPG 2011 | 51 (figured in Nagler et al., 2017 as ‘Urda rostrata’), Middle Jurassic, Bajocian,
quarry ‘Bethel 1’, Bielefeld, North Rhine-Westphalia, Germany, volume rendered images from uCT scanning data. A-B: ventral view, pleon
region is missing. B: red-cyan stereo anaglyph. C-D: head and anterior trunk region in lateral view from the right body side. D: red-cyan
stereo anaglyph. E-F: mid-body region in ventrolateral view from the left body side. F: red-cyan stereo anaglyph. G-H: appendage of
post-ocular segment 7; G: posterior (functional lateral) view. H: anterior (functional median) view, mirrored. b7-13, basipods of post-ocu-
lar segments 7-13; c7-13, carpi of post-ocular segments 7-13; ce, compound eye; cx7, coxa of post-ocular segment 7; d7-13, dactyli
of post-ocular segments 7-13; i7-8, ischia of post-ocular segments 7-8; m7-13, meri of post-ocular segments 7-13; md, mandible; pl,

pleopod; pp7-13, propodi of post-ocular segments 7-13.
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the preceding element, carpus triangular, shorter
than the preceding element, propodus large, much
longer and wider than the preceding element, lat-
eral surface convex, median surface flat, dactylus
thin, gently curved inwards, about as long as the
preceding element (Figures 14C, 14D, 14G, 14H,
16G, 16H). Tergite of PO8 much longer than the
preceding tergite and wider, about as wide as the
head (Figures 12A, 13A, 14E, 14F).

Coxal plates of PO8-9 with straight lateral margin
parallel to the lateral margins of the tergites (Fig-
ures 13A, 14E, 14F). Leg of PO8 much larger than
the leg of the preceding segment, ischium propor-
tionally shorter than in the leg of the preceding
segment, merus lateral surface convex, larger than
in the leg of the preceding segment, dactylus thin,
curved inwards, about %s of the length of the
preceding leg element (Figures 14, 16A—D). Coxal

- =4

Urda buechneri n. sp., Middle Jurassic, Bajocian, clay pit ‘Bethel 1’, Bielefeld, North Rhine-Westphalia, Germany, cross po-
larised light microscopy. A-B: ES/jb-8744, dorsal view. B: red-cyan stereo anaglyph. C-E: ES/jb-30755, dorsal view. D: red-cyan stereo
anaglyph. E: detail of the posterior part of the pleotelson. F: ES/jb-30756, posterior trunk region in dorsal view. cp9-13, coxal plates of
post-ocular segments 9-13; ec, encrustation; h, head; pt, pleotelson; t7-18, tergites of post-ocular segments 7-18.
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plate 4 triangular, anterior portion wide, poste-
rior portion narrow (Figures 14E, 14F). Coxal
plates of PO11-13 anterior portion narrow and
posterior portion wider (Figures 12A, 12E, 14E,
14F). Legs of PO11-13 ischium slenderer than in
leg of POS8, merus flattened in anterior-posterior
direction, lateral side straight, carpus widening
in towards the distal end, proportionally longer
than in leg of PO8, distal end with 2 spines on the
median side, propodus slender, curved inwards,
dactylus thin, curved inwards, about /2 of the

length of the preceding element (Figures 14A—F
16A, 16B, 16E, 16F). Tergite of POI13 shorter
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than preceding tergite, postero-lateral corner
widely rounded (Figures 12A, 12E). Coxal plate of
PO13 with posterolateral corner extending poste-
rior to tergite of PO13, the posterior part being
lateral to the anterior-most pleon tergites (Figure
12A). Pleon tergites 2-5 with lateral parts curved
to the ventral side, postero-lateral corners pointed
and distinctly projecting posteriorly (Figures 14A,
14B). Pleon tergite 5 longer along the midline than
the preceding tergites (Figures 12A, 12E). Pleotel-
son about as wide as long, posterior margin evenly
rounded (Figure 12D). Uropod endopod lateral
margin with denticles (Figure 12D).

Urda buechneri n. sp., Middle Jurassic, Bajocian, clay pit ‘Bethel 1’°, Bielefeld, North Rhine-Westphalia, Germany, volume ren-
dered images from uCT scanning data. A-B: ES/jb-30756, mid-body region in ventro-lateral view from the right body side (right side is
anterior). B: red-cyan stereo anaglyph. C-F: ES/jb-8744. C: ventral view. D: pleon region in ventral view. E: pleon region in ventro-lateral
view from the left body side. F: red-cyan stereo anaglyph version of E. b13, basipod of post-ocular segments 13; cp13, coxal plate of
post-ocular segment 13; h, head; t12-18, tergites of post-ocular segments 12-18; ub, uropod basipod; ux, uropod exopod.
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3.14. MIDDLE JURASSIC REMAINS FROM BIELEFELD,
GERMANY - ADDITIONAL MATERIAL

Solnhofen, shortly afterwards Miunster (1842) and

Material: 3 specimens, ES/jb-8744, ES/
jb-30755, and ES/jb-30756, Middle Jurassic, Bajo-
cian, Parkinsonia parkinsoni Zone, clay pit ‘Bethel 17,
Bielefeld, North Rhine-Westphalia, Germany.

Important morphological features: Body
elongate, much longer than wide, total length
about 34 mm (Figure 17A). Head anterior margin
with a straight median portion (proximal joint
of the upper lip) and paired concave rounded
incisions lateral to it (space for the proximal ele-
ments of the antennula), posterior margin straight
(Figures 17A, 17B). Eyes on the lateral side of
the head, elongate, posterior end at about three
quarters of the length of the head (Figures 17A,
17B). Tergite of PO7 very short and narrower
than the head, posterior margin straight (Figures
17A, 17B). Tergite of PO8 much longer than the
preceding tergite and wider, about as wide as the
head (Figures 17A, 17B). Coxal plate of PO8 with
straight lateral margin parallel to the lateral mar-
gins of the tergites. Coxal plates of PO12-13 ante-
rior part narrow and posterior part wider (Figures
17C, 17D, 18C—F). Tergite of PO13 shorter than
preceding tergite (Figures 17A-D). Coxal plate of
PO13 with posterolateral corner extending poste-
rior to tergite of PO13, the posterior part being
lateral to the anterior-most pleon tergites (Figures
17A-D). Pleon tergites 2-5 with lateral parts
curved to the ventral side, postero-lateral corners
pointed and distinctly projecting posteriorly (Fig-
ure 18). Pleon tergite 5 longer along the midline
than the preceding tergites (Figures 17A-D, 17F).

4. Discussion

4.1. THE TYPE MATERIAL OF URDA AND ADDITIONAL
FOSSILS FROM SOLNHOFEN

There are numerous fossil remains of the group
Urda from the lithographic limestones of the
Solnhofen area in Southern Germany, which are
all early Tithonian (Late Jurassic) in age. Initially,
Miinster (1840) described 4 species of Urda from

Meyer (1856) described two additional species
of Isopoda with a similar appearance under the
generic name Reckur, which was later synonymised
with Urda (Oppel, 1862; Kunth, 1870). Although
it was possible to explain most of the differences
between the species listed by Miinster (1840, 1842)
and Meyer (1856) as artefacts of preservation or
negligent mistakes (e.g., the type specimen of Urda
cincta 1s the counterpart of the type specimen of
Urda decorata), Kunth (1870) did not venture to
synonymise the remaining species Urda rostrata
and Urda punctata, because of the morphology of
the mouthparts, which seemingly differ between
the species.

With the aid of fluorescence microscopy
and macro photography using fluorescent light
settings, we could show that the differences in the
interpretation of the mouthparts (Kunth, 1870,
pl. 18 figs. 1-2 vs. fig. 3) in the type material
of U. elongata (= U. rostrata) (Figure 1D) and
U. punctata (Figure 2A) can easily be explained
by misinterpretation due to different modes
of preservation. Kunth (1870) interpreted the
mandible in the type specimen of U. rostrata to
be bifurcate; however, in the fluorescence image
(Figure 1D) it is apparent that the mandible is not
bifurcate and the upper lip is much larger than
depicted by Kunth (1870, pl. 18 fig. 1). Also, it
is apparent from the fluorescence images that
the conspicuous triangular sclerite of U. punctata
depicted in Kunth (1870, pl. 18 fig. 3a) is in fact a
part of the head capsule and not a distinct sclerite
(Figure 2A). The upper lip morphology in the
type material of U. rostrata and U. punctata is also
consistent with the upper lip morphology in the
herein presented additional material (Figures 5F,
5G, 6B, 6D).

There seems to be a variation in the proportional
length of the anterior trunk region (cf. Figures 1
A, 5A, 5B, 7A, 7B vs. 2, 6A—C). However, it is not
clear, whether this variation is due to a variation
in the living animal — where it could be interpreted
as a possible sexual dimorphism — or due to a
post-mortem distortion. Therefore, we conclude,
that there is only a single species of Urda from the
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lower Tithonian of Solnhofen. In this case, U.
punctata is considered a junior subjective synonym
of U. rostrata (see taxonomy section below).

4.2. MORPHOLOGICAL CHARACTERISTICS OF URDA

The type species of Urda — Urda rostrata Munster,
1840 — has a series of morphological features
that are derived (not part of the ground pattern
of Isopoda) and not present in other species
of Isopoda, except for those within the group
Gnathiidae Leach, 1814 (see discussion below).
The upper lip in U. rostrata is large and, despite
the good preservation, neither the frontal lamina,
which in other representatives of Isopoda is located
dorsal to the clypeus, nor the labrum, which
in other representatives of Isopoda is located
ventral to the clypeus, is recognisable as a distinct
structure in the fossil remains. The mandible is
large, its incisor i3 projected towards the anterior
side of the head, in dorsal view protruding from
the rest of the head and strongly curved (about 90
degrees). The tergite of postocular segment 7 (the
one directly posterior to the head) is very short (the
subsequent tergites are much longer) and it is also
not as wide as the head or the subsequent tergites.

Additional characteristics, which can also be
seen be seen in other in other lineages of Isopoda,
comprise the elongate shape of the body (e.g.
Brandt and Poore, 2003 fig. 1A,D,G), the large
eyes on the lateral sides of the head (Delaney, 1989
fig. 1G,E) and the shape of the pleotelson, lateral
sides of which are about parallel in the anterior part
(e.g. Gamp and Heard, 1988; Bruce and Olesen,
2002 fig. 8A; Bruce, 2005; Thamban et al., 2015
fig. 8A). A concave part of the posterior margin of
the pleotelson as present in some specimens of U.
rostrata (Figures 2B, 6A) can also be seen in other
lineages of Isopoda, such as in Aegidae (e.g. Bruce,
2009 fig. 19A,E).

4.3. REINTERPRETATION OF FOSSILS FROM THE
LITERATURE (IN HISTORICAL ORDER)

Urda mccoyi (Carter, 1889) — type material only.
The type specimens of Urda mccoyi differ from
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U. rostrata in having considerably shorter eyes, a
proportionally longer tergite of PO8 than in U.
rostrata (ct. Figures 8A, 8B vs. Figures 7A, 7C) and
rounded posterior margin of the pleotelson instead
of a straight or slightly concave posterior margin
as in U. rostrata (cf. Figures 8E, 8F vs. 1A, 5L).
Additionally, the remains of U. rostrata are about
40 million years older than the type specimens of
U. mecoyr.

Urda mecoyt and U. rostrata share a similar body
shape. The rectangular shape of the head is
also very similar, which is likely due to a similar
arrangement of the mouthparts (wide upper lip
joint and protruding mandibles), which is not
apparent from the fossils themselves (Figures 8A,
8B). The eyes in both species are elongate and
located on the lateral sides of the head (cf. Figures
8A, 8B vs. 5C, 5D). In both species, the tergite
of PO7 is very short (the subsequent tergites are
much longer) and narrower than the head (Figures
8A, 8B vs. 5C, 5D, 7), which is dissimilar to other
representatives of Isopoda (except for those within
Gnathiidae, see discussion below). Thus, it is most
likely that U. mecoyi is a close relative of U. rostrata.

Urda cretacea Stolley, 1910.

The type specimens of Urda cretacea have shorter
eyes than the representatives of U. rostrata. In U.
cretacea the anterior margin of the upper lip has a
median process (Stolley, 1910 pl. 6 fig. 4), whereas
in U. rostrata the anterior margin appears to be
straight or slightly convex (Figures 1D, 5F, 5G).
Unlike in U. rostrata, the pleotelson in U. cretacea
1s evenly rounded (Stolley, 1910 pl. 6 fig. 2). In
U. cretacea the head is about as wide as the tergite
of PO8 and the straight portion of the posterior
margin of the head in dorsal view is wide (Stolley,
1910 pl. 6 figs. 2, 4), whereas in the slightly
younger (Figure 19) fossils of U. mccoyi the head
1s markedly narrower than the tergite of PO8 and
the straight portion of the posterior margin of
the head in dorsal view is narrower (Figures 8A,
8B). Additionally, the type specimens of U. cretacea
are about 30 million years younger than the type
specimens of U. rostrata and at least 3.6 million
years younger than those of U. mecoyr.
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The head morphology in U. cretacea is very similar
as in Urda rostrata; in both species the upper lip is
large and its proximal joint in wide and straight.
Lateral to the upper lip joint, in both species there
are concave incisions on the dorsal side of the
head capsule, where the proximal element of the
antennula is located. In both species the tergite of
PO7 is very short (Stolley, 1910, pl. 6 fig. 2, not
mentioned in the original description). Thus, it is
most likely that U. cretacea is a close relative of U.
rostrata and U. mecopt.

Urda moravica Remes, 1912 sensu Remes
(1912).
Although the holotype of Urda moravica resembles
U. rostrata and the other two above mentioned
species in some characters (elongate body, shape
of the pleotelson; Remes, 1912 fig. 1-3), similar
expressions of those characters can also be
found in other lineages of Isopoda as well (see
discussion above). It is important to note that the
interpretation in Remes (1912) unlikely reflects
the body organisation of the fossil; most notably

the large mandibles described in Remes (1912) are
probably either lateral margins of a tergite or coxal
plates. The allegedly present eyes are most likely
coxal plates. Therefore, despite some similarities,
U. moravica cannot be reliably interpreted as a
close relative of U. rostrata. Furthermore, the
preservation of the specimen does not allow to
differentiate the species from other species such as
for example Urda cretacea or the fossil remains from
Bielefeld (U. rostrata sensu Nagler et al., 2017).
Urda rhodanica Van Straelen, 1928 sensu Van
Straelen (1928).
Urda rhodanica can be safely identified as a species
within the group Scutocoxifera based on the
presence of coxal plates (Dreyer and Wagele,
2002). The head and the anterior part of the trunk
are not preserved in the holotype of U. rhodanica.
Consequently, it cannot be affirmed, whether the
distinct morphological features that are shared
between U. rostrata, U. mccoyi and U. cretacea (see
discussion above) are present in representatives
of U. rhodanica. Urda rhodanica also differs from

Urda mccoyi (Carter, 1889)

Urda cretacea Stolley, 1910 mmm

Urda stemmerbergensis (Malzahn, 1968) n. comb. 1

m Urda rostrata Miinster, 1840

m Urda aff. mccoyi (Carter, 1889) in Feldmann et al. 1994

1 Urda buechnerin. sp.

Urda suevica (Reiff, 1936) n. comb.
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m Stratigraphic distribution of representatives of Urda Miinster, 1840 (‘Gantt chart’). The depicted timespans (horizontal
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the above-mentioned species in features of the
posterior body part. In U. rhodanica the coxal
plate of PO12 is much larger than the coxal plate
of POI1 and the coxal plate of POI13 is even
larger than the coxal plate of PO12, whereas in
U. rostrata the coxal plate of PO13 is smaller than
the preceding coxal plates (Figures 3B, 3C, 4A).
The size of the coxal plates in U. rhodanica is also
different from that in U. mccoyi (Figures 8C, 8D)
and U. cretacea (Stolley, 1910, pl. 6 figs. 2a, 3a),
the latter two species being more similar to U
rostrata in this aspect. The posterior margin of the
pleotelson in U. rhodanica has a distinct concave
notch, which is much more prominent than in the
few specimens of U. rostrata, where the posterior
margin of the pleotelson also has a concave
portion (Figures 2B, 6A). Ultmately, U. rhodanica
cannot be reliably interpreted as a close relative of
U. rostrata. Moreover, the differences between U.
rhodanica and the above-mentioned species make
it also unlikely that U. rhodanica 1s closely related
to U. rostrata.

Palaega kessleri Reff, 1936 and Palacga

suevica Reiff; 1936 sensu Reiff (1936).
Reiff (1936) noticed differences in the shape of
the upper lip between specimens of Palaega kessler:
(pentagonal shape, Reiff, 1936 fig. 3b, 4) and Palaega
suevica (hexagonal shape, Figures 11A, 10E-G).
However, the shape of the clypei only differs in the
distal-most part. In the specimen ‘Fundstiick C (7.
kessleri, specimen destroyed) a transverse ridge is
depicted at the place where in the specimens of
P. suevica there is the distal margin. This makes it
likely that the overall hexagonal upper lip shape
in P. suevica 13 an artefact of preservation rather
than an original morphological feature that
distinguishes the two species.

Reift (1936) listed a different proportional
length of the pleon between Palacga kessler: (Figures
9C-F) and Palaega suevica (Figures 10C, 10D).
However, this difference is probably described by
the different proportional lengths of the tergites
of PO10-12 (cf. Fig 10A, 10B vs. 10C, 10D). A
similar variability in the lengths of these tergites
can also be found in Urda rostrata (cf. Figures 6, 7)
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and can be well explained by sexual dimorphism
(longer tergites in females due to the presence of
a brood pouch). Therefore, we conclude, that the
type material of Palaega kesslerr and Palaega suevica
originates from the same biological species. In this
case, P. kesslert should be seen as the subjective
synonym of P. suevica (see taxonomy section below).

The head morphology in P. suevica (incl. P.
suevica in the following) is very similar to that
in Urda rostrata. 'The upper lip is large and its
proximal joint is wide and straight; lateral to the
upper lip joint, there are concave incisions on the
dorsal side of the head capsule (insertion point of
the proximal antennula elements; Figures 11A,
10B, 10J). The mandibles are large, projected in
anterior direction and strongly curved (Figures
10E-1, 11B, 11C, Reiff, 1936, pl. 2 fig. 6).

Even though not recognised by Reift (1936),
in representatives of P. suevica there is a very
short tergite (PO7) visible anterior to the much
longer ones of the rest of the anterior trunk region
(Figure 11E, Reiff, 1936, pl. 2 figs. 1-2). Here, the
morphology of the tergite of PO8 seemingly speaks
against a short first tergite being present, because in
PO8 the coxal plates are conjoined with the tergite
(Figures 9C—F, 11A). In many representatives of
Scutocoxifera, which i1s a monophyletic group
characterised by the presence of coxal plates
(Dreyer and Wigele, 2002), in PO7 the coxal
plate is conjoined with the tergite. However, in
larval forms of some species of Gnathiidae, where
the tergite of PO7 is also very short, post-ocular
segment 8 has coxal plates that are conjoined with
the tergite — the morphological feature is shifted
one segment posterior (Monod, 1926 fig. 13; Smit
et al., 1999 fig. 31, 2003 fig. 14; Manship et al.,
2011 fig. 4G). Considering the morphological
features, especially those of the head, shared with
U. rostrata, which are, except for representatives of
Gnathiidae and the above-mentioned species, not
present in other lineages of Isopoda, we interpret
P. suevica as being closely related to U. rostrata.

Palaega suevica differs from U. rostrata, U. mecoyt
and U. cretacea in having the coxal plate of PO8
conjoined with the tergite. Palaega suevica has a
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convex posterior margin of the head instead of
a straight margin as in U. mecoyi and U. cretacea.
The distal margin of the upper lip in U. rostrata is
stout and evenly rounded (Figures 1D, 5F, 5G, 6B,
6D), whereas in P. suevica it has a distinct median
convexity (Reiff, 1936, fig. 3b, 4). In addition, the
remains of P. suevica are at least 30 million years
older than the type material of U. rostrata and even
older than the type material of U. mccoyi and U.
cretacea. Therefore, it is unlikely that P. suevica is
conspecific with U. rostrata or its close relatives.
Keupp and Mahlow (2017 p. 167, fig. 10)
identified a fossil specimen from the Amaltheenton
Formation of Buttenheim (Lower Jurassic, upper
Pliensbachian, Pleuroceras spinatum Zone) as a
representative of Palaega suevica sensu Reiff (1936).
Being of about the same age as the specimens from
Reiff (1936), the specimen in Keupp and Mahlow
(2017, SNSB BSPG 2016 I 32) resembles the
type specimens in having a broad straight upper
lip joint and eyes that are located on the lateral
sides of the head (visible in an unpublished pC'T
scan, Keupp and Mahlow, 2017, p. 167). Because
many body parts are not exposed to the rock
surface, only a detailed study of the pC'T scan or
further mechanical preparation will reveal further
information about the possible conspecificity with
the material from Reiff (1936) and the relationship
to U. rostrata and the extant group Gnathiidae.
Urda liasica Frentzen, 1957 sensu Frentzen
(1937).
In some respects, the holotype of Urda lasica
resembles other fossils that have been associated
with the genus Urda. For example, the tergites of
the anterior trunk are long and the coxal plates
are large; also, the pleotelson is longer than wide,
its lateral margins are parallel in the anterior
part and its posterior margin is evenly rounded
(Frentzen, 1937 text fig. 1b). However, because
only the posterior part of the body is known, the key
morphological features of the type species of Urda
— Urda rostrala — are not known to be present in the
holotype of U. liasica. A close relationship between
the type specimen of U. lasica and U. rostrata is
possible, as there are no morphological features

that would suggest otherwise. Yet, because the
features present in the type specimen of U. luasica
also occur in other lineages (see discussion above),
such a close relationship cannot be inferred from
the holotype.

The type material of U. liasica, consisting of a
single specimen, was destroyed in World War II.
Therefore, only a single drawing is available. Based
on this drawing, which appears to be a rather
stylised than detailed depiction, it is not possible
to clearly distinguish the fossil from other fossil
occurrences (cf. Figures 12A, 12D). Therefore, we
suggest treating Urda liasica as a nomen dubium and
its holotype as a representative of Scutocoxifera of
uncertain systematic position.

Palaega stemmerbergensis Malzahn, 1968
sensu Malzahn (1968).

The holotype of Palaega stemmerbergensis shares
multiple morphological features with U. rostrata,
that otherwise only occur in representatives of
Gnathiidae and fossil remains of close relatives of
U. rostrata. The joint between the dorsal surface
of the head capsule and the upper lip is wide and
straight, lateral to it are concave rounded incisions,
where the proximal element of the antennula is
located (Malzahn, 1968 figs. 1-2). The mandible
incisors are large and curved inwards (Malzahn,
1968, p. 829). The tergite of PO7 is short and
narrow (Malzahn, 1968, fig. 4). The leg of PO7 is
located on the ventral side of the head with its distal
part pointing anteriorly (Malzahn, 1968, p. 829).
The morphology of the leg of PO7 is not apparent
in any of the fossils of U. rostrata from Solnhofen.
However, the orientation of the first trunk leg
as described by Malzahn (1968, p. 829) is very
similar to that in representatives of Gnathiidae
(see discussion below). Additional similarities
between the type material of P. stemmerbergensis and
U. rostrata that are also present in other lineages of
Isopoda, comprise the elongated body shape, the
position of the eyes on the lateral sides of the head
(Malzahn, 1968 fig. 4, p. 829).

The holotype of P. stemmerbergensis has already
been strongly deformed due to pyrite decay when
it was described (Malzahn, 1968), rendering
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many features of the body incomparable to other
specimens. Furthermore, it could not be located in
the collection, where it should have been deposited
(C. Heunisch, 2020, pers. comm.). This makes
it impractical to differentiate P. stemmerbergensis
from other species based on its morphological
features. For example, the morphology of the
P. stemmerbergensis type material is similar to the
about 20 million years younger fossils of U.
cretacea (both Early Cretaceous in age, Figure 19),
yet most of the body parts where there could be
differences between the type of P. stemmerbergensis
and representatives of U. cretacea have not been
described in detail nor are they visible in the
figures of Malzahn (1968).

Urda zelandica Buckeridge and fohns, 1996

sensu Buckeridge and Johns (1996).
The holotype of Urda zelandica can be safely
identified as a representative of the group
Scutocoxifera based on the presence of coxal plates
(Dreyer and Wagele, 2002). It resembles other
fossils that have been associated with the name
Urda in the body parts which are preserved in the
specimen. Namely, this resemblance comprises
the elongate body shape, the pleon tergites, which
lateral parts are either stout or curved towards the
ventral side (Grant-Mackie et al., 1996, figs. 3—4, p.
36), and the shape of the pleotelson, which lateral
margins are about parallel in the anterior part and
its posterior margin is evenly rounded or with a
narrow straight mid-part (Grant-Mackie et al,
1996, fig. 5).

While the holotype of U. zelandica resembles
representatives of U. rostrata in some aspects, it
consists only of strongly compressed remains of
the posterior body region and therefore lacks the
body parts in which U. rostrata differs from other
representatives of Isopoda (see discussion above).
Thus, a close relationship between U. zelandica and
U. rostrata cannot be reliably inferred based on
morphological features. The compressed nature of
the fossil and that only the posterior body region
is preserved make it difficult to morphologically
distinguish the type specimen of U. zelandica from
other fossils and from extant representatives of
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Isopoda. Therefore, we suggest to treat Urda
zelandica as a species of uncertain affinity within
Scutocoxifera, until further material becomes
available or the available material is studied
using methods that allow to gather additional
morphological insights.

4.3.1.The fossils from the Middle Jurassic of
Bielefeld, Germany

The fossil material from Bielefeld presented in
Buichner (1971) and Nagler et al. (2017) differs
from the remains of Urda rostrata from Solnhofen in
many aspects. In the Solnhofen material the eyes
extend to the posterior end of the head (Figures
3, 4C), whereas in the material from Bielefeld the
eyes end at about three quarters of the length of the
head (Figures 12A, 13C, 17A). In the Solnhofen
fossils the tergite of PO7 is narrow and its posterior
margin is distinctly convex (Figures 3D, 7A); in the
Bielefeld fossils the corresponding tergite is wider
and its posterior margin is less convex (Figures
17A, 12A). The pleotelson in the Solnhofen fossils
has a straight posterior margin, in some cases even
with a slightly concave mid-part (Figures 1A, 1B,
5E); in the fossils from Bielefeld, however, the
posterior margin is evenly rounded (Figure 12D).
Additionally, the occurrence of U. rostrata from
Solnhofen is about 16 million years younger than
the fossils from Bielefeld (Figure 19). Therefore, it
is unlikely that fossils of both localities come from
a single species.

As in the fossils of U. rostrata from Solnhofen,
the upper lip in the fossils from Bielefeld is also
large and with a wide joint to the head capsule
with rounded incision lateral to the joint, where the
proximal elements of the antennula insert (Figures
12B, 12C, 13C, 13D). The mandible incisors in
the Bielefeld fossils are large and strongly curved,
with a pointed tip as it is the case in representatives
of U. rostrata from Solnhofen (cf. Figures 15K, 15L
vs. Figures 1D, 1E). The tergite of PO7 is also
very short and narrower than the head and the
tergite of PO8 in both the fossils from Solnhofen
and the fossils from Bielefeld (Figures 17A vs. 7A).
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Therefore, we interpret the fossils from Bielefeld
to represent a separate species, which is closely
related to U. rostrata.

In the fossils from Bielefeld the legs of PO7 are
preserved and their morphology, size and relative
position to the head 1s well visible in renderings
of the pCT scans (Figures 16C, 16D, 16G, 16H).
The much smaller size relative to the subsequent
legs and the position on the ventral side of the
head, with the distal elements projected anteriorly,
is very similar to the condition in larval forms of
Gnathiidae (Figure 20B). A similar orientation
and relative size of the legs of PO7 also occurs
in some representatives of Aegidae (e.g. Nozeres,
2008) and Cymothoidae (van der Wal and Haug,
2020 fig. 20).

In the here studied remains of U. rostrata from
Solnhofen the leg of PO7 is either not preserved
or overlain by other structures. In pC'T renders of
two of the specimens from Bielefeld the maxilliped
is visible (Figures 14C, 14D, 14G, 14H, 15K,
15N). The maxilliped is notably slenderer than
in representatives of Cymothoidae (Figure 151)
and adult forms of Gnathiidae (Figure 15H). The
slender shape of the maxilliped is similar to larval
forms of Gnathiidae (e.g. Ota, 2014 fig. 13; Figure
20B). In the remains of U. rostrata from Solnhofen
there is only one specimen that has a paired
structure on the ventral side of the head that could
potentially be remains of the maxillipeds (Figures
5F, 15G). Because of the strong similarity in the
body parts that are known from both occurrences,
it is likely that representatives of U. rostrata had a
similar morphology of the legs of PO7 and the
maxilliped as the fossils from Bielefeld.

The fossils from Bielefeld differ from
representatives of U. mccoyi in having a less bulged
head and a less convex posterior margin of the
tergite of PO7 (cf. Figures 12B, 12C, 13A, 13B
vs. 8A, 8B). Additionally, the fossil material from
Bielefeld is about 60 million years older than
the type fossil of U. mccoyi. From representatives
of U. cretacea the Bielefeld fossils differ in having
a narrower head; in U. c¢retacea the second tergite
of the trunk is about as wide as the head (Stolley,

1910, pl. 6 figs. 2,4), whereas in the fossils from
Bielefeld the second tergite of the trunk is markedly
wider than head (Figures 12A, 13B). Furthermore,
the fossils from Bielefeld are more than 50 million
years older than the type material of U. cretacea.
Representatives of P. suevica lack distinct coxal
plates in PO8 (Figures 9C—F), whereas the fossils
from Bielefeld clearly have distinct coxal plates in
PO8 (Figures 12B, 13A). Also, in representatives of
P. suevica the posterior margin of the head is convex
(Figures 10B, 10C, 10]), whereas in the fossils from
Bielefeld the posterior margin of the head has a
straight mid-part (Figures 3B, 17A). The fossils of
P. suevica are about 15 million years older than the
fossils from Bielefeld. Therefore we interpret the
fossils from Bielefeld to be from a distinct species,
which is closely related to U. rostrata; its description
1s presented in the taxonomy section below.

4.4. OTHER MENTIONS OF URDA IN THE FOSSIL
RECORD

Feldmann ez al. (1994) presented a single specimen
(GSE 15083) from the Oxfordian (Upper Jurassic)
of the Isle of Skye (UK). The specimen is complete,
except for the appendages which are not preserved
or not exposed to the surface of the sediment. The
shape of the head is typical of U. rostrata and its
close relatives, the upper lip joint is wide, there
are rounded incisions where the antennula inserts
and the eyes are elongate and on the lateral sides
of the head. The tergite of PO7 is very short and
narrower than the head (Feldmann et al, 1994
figs. 1-2, 5, 7). Therefore, and due to the overall
similarity between the specimen, U. rostrata and its
close relatives mentioned above, it is most likely
that the fossil described by Feldmann e al. (1994)
is a close relative of U. rostrata. Feldmann et al.
(1994) noted the striking similarity between this
specimen and the type material of U. mecoyi (Upper
Cretaceous, UK), based on which they suggested
that the specimen from Skye is a representative
of U. mecoyr despite the age difference of at least
53 million years (Figure 19). One difference that
could indicate that the specimen from the Isle
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of Skye might be from a different species are the
dimensions of the pleotelson. In the specimen
from Skye the pleotelson is wider than long
(Feldmann et al., 1994, p. 89 fig. 2.7), whereas in
the type material of U. mccoyi the pleotelson is more

elongate (about as wide as long, Figures 8E, 8F).
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From the mid-Bajocian (Middle Jurassic) of
Velpe (near Osnabriick, Germany) there is one
incomplete specimen (Ruhr Museum Essen,
Germany), which has been associated with the
genus Urda because of the shape of the pleotelson
(Wittler, 2007, 2011). In this specimen only the

m Extant representatives of Gnathiidae, epifluorescence microscopy, 360 + 20 nm excitation wavelength. A-B: Gnathiidae sp.,
adult male, CeNak K 38947-1. A: head and anterior part of the trunk in dorsal view. B: ventral view on the anterior part of the trunk, dor-
sal view on the pleon and pleotelson region. C: Euneognathia sp., adult male, CeNak K 40059, ventral view, dotted rectangle encompas-
ses a digitally restored gap in the original image. D-E: Gnathia sp., praniza, CeNak K 38945-1. D: dorso-lateral view. E: ventro-lateral view.
F: Gnathia sp., adult female, eggs removed from marsupium, CeNak K 38945-2, ventral view, mirrored. a7-12, appendages of post-ocular
segments 7-12; at, antenna; atu, antennula; ce, compound eye; cp10-11, coxal plates of post-ocular segments10-11; md, mandible; pt,
pleotelson; t7-18, tergites of post-ocular segments 7-18; ub, uropod basipod; ul, upper lip; un, uropod endopod; ux, uropod exopod.
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pleon (segment 2 onwards) and the pleotelson
are preserved and the specimen is lacking visible
remains of appendages. This specimen is of about
the same age (less than one million years older) as
the fossils from Bielefeld (Biichner, 1971; Wittler,
2007). Despite the partial preservation in the fossil
from Velpe, which would not allow for a robust
and precise systematic interpretation of the fossil,
the strong resemblance to the fossils from Bielefeld
(cf. Figure 12A vs. Wittler, 2011, figs. 1-2) and the
small difference in age suggest that the fossil from
Velpe represents the same species as the fossils
from Bielefeld.

From the lower Pliensbachian (Lower Jurassic)
of Ostringen (Southern Germany) there is one
record of a fossil remain (SMNK, destroyed)
Frentzen (1937) described as ‘Urda spec.’. The
fossil consists of 3 bilateral-symmetric sclerites
(Frentzen, 1937 text fig. 1a). The sclerites provide
no morphological indication that they are from a
representative of Isopoda (or even Eucrustacea).
Also, the sclerites do not resemble those of the
holotype of U. lasica (treated as a nomen dubium
herein), which was found in a nearby fossil site and
described by the same author (Frentzen, 1937).

There is a single fossil (PIMUZ 132a Sch 70)

from the lower Aalenian (Middle Jurassic) of

Schinznach-Dorf(Canton of Aargau, Switzerland),
which Etter (1988) described as Urda sp. While the
parts of the body that are preserved in the fossil
resemble those of close relatives of U. rostrata (as
discussed above), the fossil consists only of remains
of the posterior region of the body (Etter, 1988
fig. 6). The similarity to U. rostrata is particularly
apparent in the pleotelson which has a concave
mid-part of the posterior margin, similar to some
fossils of U. rostrata (Figures 2B, 6). However,
similar pleotelson morphologies also occur in other
lineages of Isopoda, such as in representatives
of Aegidae (Bruce, 2009 fig. 19A,E). Therefore,
while it is possible that the fossil from Schinznach-
Dorf is a close relative of U. rostrata, there are not
enough morphological characters preserved to
judge this as being most likely.

From the Aptian (Lower Cretaceous) of

Alexander Island (West Antarctica) there is one

fossil (KG.5.16) of a representative of Isopoda,
which Taylor (1972) treated as Urda cf. cretacea.
Unlike interpreted in Taylor (1972), the fossil
does not comprise the head and the anterior part
of the trunk (Taylor, 1972, fig. 2). What has been
interpreted as the head in Taylor (1972) is most
likely the tergite of PO12. In the body parts that
are visible in this fossil, it strongly resembles U.
rostrata and 1its close relatives. However, none of
the characteristic features of U. rostrata and its close
relatives are apparent in the fossil. Therefore,
despite the resemblance, there are not enough
morphological characters available for a robust
interpretation of the Antarctic fossil as a close
relative of U. rostrata.

4.5. RELATIONSHIP BETWEEN SPECIES OF URDA AND
GNATHIIDAE

The above mentioned extinct close relatives of
Urda rostrata and U. rostrata itself can all be ecasily
identified as representatives of Scutocoxifera due
to the presence of coxal plates (modified parts
of the coxae; Dreyer and Wiagele, 2002). The
pleotelsa in these species are relatively flat and
the uropods are located on the ventral side of
the pleotelson (their proximal joint is not lateral
to the tergite of the pleotelson; Figures 1A, 1B,
14A-F). This can be interpreted as in indication
that the species are representatives of the group
Cymothoida (an ingroup of Scutocoxifera) (Brandt
and Poore, 2003). While this character can serve
as an indication, it cannot be seen as a clear
autapomorphy of Cymothoida, since the polarity
of this character with respect to the condition in
Valvifera and Sphaeromatidea is unclear (Brandt
and Poore, 2003).

Kunth (1870) interpreted Urda rostrata and
its congeners, treated by him as “Urdaidae”,
as intermediate forms between Gnathiidae and
Cymothoidae. Urda rostrata and its extinct close
relatives (recognized as congeners here) share
a number of character states with the group
Gnathiidae (as already noted by Van Straelen,
1928, p. 12), which are not present in other
lineages of Isopoda and can therefore be seen
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as autapomorphies of a group that comprises
Gnathiidae, U. rostrata and its close relatives (Figure
21). The anterior margin of the dorsal surface of
the head has a straight median portion which
is formed by the proximal joint of the upper lip
and two incisions lateral to it where the proximal
elements of the antennulae are located. The
upper lip is large, and its proximal part is directly
articulated with the head capsule; a distinct frontal
lamina, as present in many lineages of Isopoda, is
not developed (Monod, 1926); a distinct labrum,
which in many lineages of Isopoda is located on
the distal side of the clypeus is also not developed
(cf. Figures 12B, 12C, 11 vs. 20A) (Wilson ¢t al.,
2011). This morphology is only present in the
larval forms of Gnathiidae, as in the adult males
and females the upper lip as a whole is reduced
(Iigure 20D; figures in Thing et al, 2015; Ota,
2019), probably due to the fact that they are no
longer feeding.

The tergite of post-ocular segment 7 is very
short, narrower than the head (cf. Figures 7A, 8A,
11E, 12A, 17A vs. 20A) and the legs of post-ocular
segment 7 (corresponding to the first trunk legs in
other representatives of Isopoda) are functionally
incorporated into the head (Nagler ¢t al, 2017).
This morphology is also only present in the
larval forms of Gnathiidae, because in the adults
the tergite is often fully conjoined with the head
capsule (Figure 20D), but sometimes a suture is
visible in the adults (e.g. Manship ez al., 2011, fig.
1D).

Urda rostrala and its above discussed extinct
relatives can be distinguished from representatives
of Gnathiidae by a series of autapomorphies of
Gnathiidae (Figure 21). In adult representatives
of Gnathiidae there is no well-developed leg in
post-ocular segment 13 (Figures 20C, 20E, 20F)
(Wilson, 1996), which seems to be a paecdomorphy
as in all representatives of Isopoda this appendage
is not yet developed in young (manca stage)
individuals (Watling, 1981; Ax, 2000, p. 176;
Boyko and Wolff; 2014). On the other hand, in
fossils of extinct close relatives of U. rostrata a well-
developed leg in this segment is preserved (Figures
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10C, 10D, 14A-D, 16A, 16B, 16E, 16F, 18C—
F), which indicates that the fossils are remains
of adult (or late immature) individuals that are
more plesiomorphic with respect to Gnathiidae
regarding this character. The absence of well-
developed legs of PO13 in adults of Gnathiidae is
a paedomorphic feature, as the leg is also missing
in manca-stage immature individuals of all species
of Isopoda and other related ingroups of the more
inclusive group Mancoida.

In adults of the group Gnathiidae there is an
extreme sexual dimorphism and the mouthparts
are not used for feeding (Wagele, 1989, fig. 93).
This seems to be reflected in the morphology of
the mouthparts. The appendages of post-ocular
segments 6 and 7 — maxilliped and trunk leg 1
(‘pylopod’ in Gnathiidae literature) are flattened
and in adults of most, but not all (Figure 15H),
species of Gnathiidae the dactylus of PO7 is
reduced (Cohen and Poore, 1994).

In larval forms of Gnathiidae the mandible
is thin, straight and has a pointed tip (Wigele,

)
\
&
. &&
0\
Q ’Zr ~ >
0\@ @ o 0% \) c}e
N} : \) \) N} Gnathiidae

/%/

Proposed relationship between species of Urda and
the group Gnathiidae. 1, anterior margin of the head with a stra-
ight median portion (proximal joint of the upper lip); 2, upper lip
large, frontal lamina and labrum not developed or conjoined with
other structures; 3, tergite of post-ocular segment 7 very short;
4, post-ocular segment 13 without well-developed appendages;
5, maxilliped and appendage of post-ocular segment 7 with flat-
tened elements (adult forms); 6, mandible straight and projected
anteriorly (larval forms).

1,2,3
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1989 fig. 93). In adult males of Gnathiidae the
mandible is often very large and strongly curved,
extending far beyond the anterior margin of the
head capsule; in this, the condition in adults of
Gnathiidae is more similar to the condition in U.
rostrata (Monod, 1926). However, representatives
of U. rostrata, P. suevica and the specimens from
Bielefeld lack the blade (flat median expansion
of the mandible) which is present in many males
of Gnathiidae (e.g. Ota and Hirose, 2009). The
shape of the mandibles in the here presented fossils
1s more similar to that in representatives of other
lineages of Cymothoida, such as Corallanidae
(Delaney, 1989 fig. 22A—B) or Protognathia (Wagele
and Brandt, 1988; Kussakin and Rybakov, 1995),
in which the mandibles do not extend beyond the
anterior margin of the head and a well-developed
labrum is present.

The fossils from Bielefeld and the fossils of U.
rostrata and P. suevica, in which the mouthparts are
preserved, give no indication that they are from
larval or immature individuals; specifically, the
legs on post-ocular segment 13 are well developed,
as opposed to being not yet developed or very
short as in (manca stage) immature representatives
of Isopoda (Ax, 2000, p. 176). Therefore, the
mandibles in immature stages of the extinct
relatives of Gnathiidae could either have been
similar to those of the adults (large and inwards
curved; Figure 15H) or more similar to larval
forms of Gnathiidae (straight or slightly outwards
curved; Figure 15A, 15C).

The shape of the eyes is another character in
which U. rostrata and its extinct relatives are similar
to representatives of Gnathiidae, however, mostly
to larval individuals of the group. In adult forms of
Gnathiidae the eyes are still located on the lateral
sides of the head but are much smaller compared
to the size of the head than in the larvae (e.g. Ota
and Hirose, 2009). Nevertheless, in some adults of
Gnathiidae the eyes remain large and similar to
those in the herein presented fossils (T'anaka, 20053;
Ota, 2019). As there is no drastic reduction of the
size of the eyes apparent in most representatives of
Isopoda, the reduction of the eye size from larval

to adult individuals within Gnathiidae likely
represents a hypermorphosis in combination
with a pre-displacement (see discussion in Haug
et al., 2010), which is not shared by the extinct
relatives presented herein.

The shape of the pleotelson in most species
of Gnathiidae is approximately triangular, with
a narrow posterior end (Figures 20A, 20B, 20E,
20F, 22E-22F). Yet there are also exceptions to
that in extant species (e.g., Iigure 22D) in that
it 1s very different from that in U. rostrata and
its herein presented extinct relatives, where the
width of the pleotelson decreases significantly
only in the posterior half and the posterior
margin is either rounded or truncate (Figures
22G, 22H). Since both conditions occur in other
lineages of Cymothoida as well (Bruce, 1986 fig.
351; Messana, 2020, fig. 2), the polarity of this
character, and thus the value of the pleotelson
shape as a potential autapomorphy of a
monophyletic group Urda, is unclear.

Urda rostrata and the extinct species that are
herein interpreted as close relatives of it share
several apomorphies with representatives of
Gnathiidae but differ from them in characters
that are plesiomorphic for the extinct species or of
unclear polarity. This implies a close relationship
between the extinct species and the extant
representatives of Gnathiidae. One possibility
is that the extinct species form a monophyletic
group Urda. In the other case (non-monophyletic
Urda), a nomenclatural dilemma arises due to
the use of binomial species names. Either the
name Urda is used as a name of a higher group,
in which case Gnathiidae would become an
ingroup of Urda, which would cause much
trouble among those who care about taxonomic
ranks and their reflection in the naming of
groups, or alternatively the name Urda 1s used
as the first part of the binomen Urda rostrata, in
which case all species of extinct close relatives of
U. rostrata need to receive a separate genus name.
Because of this dilemma and because uninomial
nomenclature (Lanham, 1965) is currently not
accepted by the ICZN, the nomenclature herein
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> used in the taxonomy section below is as if Urda at the family level, proposed by Kunth, 1870, and
) forms a sister group to Gnathiidae, while pointing adopted subsequently by some authors, e.g., Van
Q out that this is not necessarily the case. Therefore, Straelen, 1928; Taylor, 1972; Feldmann et al.,
S Urdidae as a monotypic taxonomical entity ranked 1994; Etter, 2014) is not followed here.

o

5mm

m Habitus drawings in dorsal view. A: Typhlocirolana buxtoni Racovitza, 1912, adult, redrawn from Racovitza (1912). B: Pro-
tognathia bathypelagica (Schultz, 1977), immature specimen, redrawn from Wdgele and Brandt (1988). C: Corallana sp., Comprehensive
Marine Biodiversity Survey, Singapore, JS-2675, drawn after a photograph by Arthur Anker, no scale available. D: Caecognathia agwillisi
(Seed, 1979), adult female, redrawn from Seed (1979). E: Tenerognathia visus Tanaka, 2005, adult male, redrawn from Tanaka (2005). F:
Gnathia sp., zuphea stage, Lizard Island, AM P.81399, drawn from SEM images in Wilson et al. (2011). G: Urda rostrata Minster, 1842,
reconstructed from multiple fossils of the greater Solnhofen area, Germany. H: Urda buechneri n. sp., reconstructed from multiple fos-
sils from Bethel, Germany. at, antenna; atu, antennula; md, mandible; t7-15, tergites of post-ocular segments 7-15; ul, upper lip.
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4.6. RELATIONSHIP BETWEEN URDA AND OTHER
LINEAGES OF ISOPODA

Coxal plates (compound structures of the lateral
parts of the tergites and the proximal leg element)
are well visible in representatives of Gnathiidae
and the herein discussed close relatives of the
group (Figures 7, 20A); this clearly identifies them
as representatives of the group Scutocoxifera
(Dreyer and Wagele, 2002). Within Scutocoxifera,
Gnathiidae and its extinct relatives belong to the
group Flabellifera (sensu Wilson, 2003) which can
be characterised by the functional grouping of
the legs of the anterior trunk (legs of PO7-9 are
projected anteriorly and the more posterior legs
are projected posteriorly), which is not present
in other representatives of Scutocoxifera, such as
woodlice (Brusca and Wilson, 1991).

Within Flabellifera sensu Wilson 2003, the
position of Gnathiidae, and thus also its extinct
relatives, has been debated for several decades.
Wigele and Brandt (1988) and Wagele (1989)
assumed that Gnathiidae was more closely
related to the non-parasitic forms of CGymothoida.
They proposed a close relationship between the
group Protognathia Wagele and Brandt, 1988 and
Gnathiidae (Wiagele and Brandt, 1988). However,
the most important proposed synapomorphy of
Protognathia and Gnathiidae, the lack of a well-
developed leg on post-ocular segment 13, has
later been shown to be the result of an erroneous
interpretation of the holotype as an adultindividual,
but it i3 a manca stage (Kussakin and Rybakov,
1995; Wilson, 1996). In all representatives of
Mancoida (of which Isopoda is an ingroup) early
immature stages lack a well-developed leg on post-
ocular segment 13 (Ax, 2000; Boyko and Wollfl,
2014). In all species of Prolognathia the tergite of
PO7 is distinctly wider than the head and about
as long as the subsequent tergites at least in the
lateral aspect) and the leg of PO7 resembles the
subsequent legs in size and orientation; also, a well-
developed labrum is present (Wagele and Brandt,
1988; Kussakin and Rybakov, 1995). Therefore,
it 1s most likely that Protognathia and Gnathiidae
are less closely related than Gnathiidae and U.

rostrata and all its herein discussed extinct relatives.
Consequently, the slender shape the pleotelson and
the uropod rami have, shared by representatives of
Protognathia and most representatives of Gnathiidae
(Figures 20A, 20B, 20E, 20F), has to be considered
a result of convergent evolution.

Similarly, another non-parasitic species of
the group Cymothoida — Gnatholana mandibularis
Barnard, 1920 — has been interpreted to be a close
relative of Urda rostrata and closely related extinct
species (Monod, 1926, p. 639 fI.; Menzies, 1962).
Representatives of Gnatholana mandibularis have
large mandibles, protruding in anterior direction
(well visible in dorsal view), a distinct clypeus and
a distinct labrum are also projected anteriorly,
similar to the upper lip in Urda rostrata. However,
other aspects of the morphology in G. mandibularis
are very different from representatives of U. rostrata
and its extinct relatives: the head is short and wide;
the eyes are not elongate; clypeus and labrum are
both visible and not conjoined with each other;
the tip of the mandible has 4 small teeth; the
tergite of PO7 is long and much wider than the
head (Barnard, 1920, p. 352 fI. pl. 15 fig. 24). The
similar morphology of the mandible therefore has
to be interpreted as a result of convergent evolution
(cf. Brusca and Wilson, 1991, p. 167).

The group Protourda Mezzalira and Martins-
Neto, 1992 has been described based on an
assemblage of fossils from the Permian of the
Parana Basin (Sdao Paulo state, Brazil). The group
Protourda, according to Mezzalira and Martins-Neto
(1992), comprises two species (Protourda tupiensis
Mezzalira and Martins-Neto, 1992 and Protourda?
circunseriptia: Mezzalira and Martins-Neto, 1992).
Mezzalira and Martins-Neto (1992) assumed a
sister group relationship between Protourda and
U. rostrata and 1its extinct relatives based on the
shared presence of six (instead of seven) tergites
of the anterior trunk. However, as shown herein,
Urda rostrata has seven tergites of the anterior trunk
(PO7-13), which 1s also true for its extinct close
relatives (Feldmann et al., 1994; Nagler et al., 2017).
Apart from a somewhat elongate body in the type
specimens of P. tupiensis and P. circunseriptia, there
seems to be not much morphological similarity
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between U. rostrata and representatives of Protourda.
Judging from unpublished images available to us
and the type of preservation, it appears doubtful,
that there are multiple species of Protourda at the
type locality and also a possible synonymy with
species of the group Pseudopalaega, recorded from
the same locality (Mezzalira and Martins-Neto,
1992; Martins-Neto, 2001), should be considered
when revising the material.

Brandt and Poore (2003) interpreted
Anthuridea (representatives with long cylindrical
bodies) to be the sister group of Gnathiidae,
without discussing potential extinct relatives of the
group. The morphological features that supported
their finding were a reduction of coxal plates (so
that they are still present but not visible in dorsal
view) and that the vestigial maxilla is conjoined
with the paragnaths (‘hypopharynx’ in Brandt
and Poore 2003). The former finding appears
to be problematic, since the observed condition
within Gnathiidae and Anthuridea can be ecasily
explained as a result of a slender body shape and
the condition is clearly not true for the larval forms
within Gnathiidae (Figure 22F; Wilson et al., 2011,
figs. 1A,C, 6A).

Brusca and Wilson (1991) argued for a
close relationship between Gnathiidae and
Epicaridea because of the similar morphology of
the mandible (thin and pointed, molar process
absent, palp absent). Dreyer and Wagele (2001),
based on molecular data (18S rDNA) found more
support for a sister group relationship between
Epicaridea and Cymothoidae rather than for
a sister group relationship between Gnathiidae
and Epicaridea. Nagler ¢t al. (2017) combined the
findings of Brusca and Wilson (1991) and Dreyer
and Wigele (2001), resulting in a monophyletic
group that comprises Cymothoidae, Epicaridea,
Gnathiidae. They argued for a closer relationship
between Epicaridea and Gnathiidae based on
the shared absence of a well-developed maxillula
(Brusca and Wilson, 1991). With Urda rostrata and
the other extinct species presented herein most
likely being the closest known relatives of the
group Gnathiidae, the morphology of the extinct
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relatives of Gnathiidae could provide important
morphological data for future phylogenetic
analyses.

4.7. PALAEOECOLOGY

Representatives of Urda rostrata and some of its
extinct relatives have been discussed to possibly be
parasites of fishes (Nagler et al., 2017). Yet, so far
there are no publications that could show a direct
interaction or association between the crustacean
animals and their fish hosts. However, there is
one record of representatives of Isopoda that are
in direct association with fossil fishes (Nagler et
al., 2016). Just as the fossils of Urda rostrata, this
record is also from the Tithonian (Upper Jurassic)
of the Solnhofen area (southern Germany);
yet, the authors of the study did not identify the
fossil remains as belonging to U. rostrata. Despite
the apomorphic characters of the group that
comprises U. rostrata, its extinct relatives and
Gnathiidae not being preserved or visible in the
figures, some of the fossilized representatives of
Isopoda depicted in Nagler ¢t al. (2016) strikingly
resemble representatives of Urda rostrata in many
aspects.

1) The bodies are of large size compared to other
representatives of Isopoda (Nagler et al., 2016, fig.
1). 2) The head appears to be large (in none of the
figures it shows much detail; Nagler et al., 2016,
fig. 4A). 3) The shape of the legs is similar to that
of the herein presented remains of U. rostrata (cf.
Nagler et al., 2016, fig. 3A vs. Figure 7A). 4) The
shape of the pleotelsa is very similar to that in U.
rostrata. Based on the original images (Nagler et al.,
2016, figs. 3G, 4A), the pleotelsa appear to be much
larger than in the colour-marked reconstructions
(Nagler et al., 2016, figs. 3D, 4B) and appear to
have a straight mid-part of the posterior margin,
like in representatives of U. rostrata (e.g., Figure
1A).

For the fossil remains in Nagler ¢t al. (2016)
the tergite of PO7 (‘thoracic segment 2’ therein)
is reconstructed to be of the same length as the
subsequent tergites (their figs. 2B, 3B, 4B, 5B—C,
E). This is in contrast to the herein presented
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reconstruction of U. rostrata, where this tergite is
reconstructed to be short and narrow (Figure 22G).
This might be due to a misinterpretation in Nagler
et al. (2016), as this structure is not clearly visible
in the not-colour-marked figures. Based on the
inspection of the figures, one of the fossil remains
(Nagler et al., 2016, fig. 4 C—D) might represent
a part of the fish rather than a representative of
Isopoda, as there appears to be dark, bone-like
matter where they interpreted the pleon tergite
borders to be located. Nagler et al. (2016, p. 8)
interpreted the body of the presumed parasites to
be ‘twisted” as a result of growth response while
being permanently attached to their host, similar
to extant representatives of Cymothoidae (e.g.
Smit et al., 2014). However, none of the ‘twisted’
individuals are accessible in dorsal or ventral
view. Therefore, the strongly compressed fossils
presented in Nagler ¢ al. (2016) do not allow
to unambiguously observe derivations from a
strict bilateral symmetry. All associations have
in common that the representatives of Isopoda
are not randomly distributed on the fish fossils,
but all of them are located at the fins and their
head is oriented towards the anterior end of
the fish (Nagler et al., 2016). With respect to the
possibility of rapid oxygen deprivation that has
been suggested for at least some of the Solnhofen
limestone taphocoenoses (Viohl, 1994; Pan et al.,
2019), the occurrences of individuals of U. restrata
on fishes suggests an interaction between living
organisms.

As discussed above, the closest relatives of U.
rostrata and 1its herein presented extinct relatives
are most likely extant representatives of the
group Gnathiidae. Larval forms of all species of
Gnathiidae, for which live observations have been
made, are parasitic to fishes (Monod, 1926). From
this perspective a parasitic lifestyle seems to be
a likely feeding mode for their extinct relatives.
However, from a pure morphological perspective,
the available information is less conclusive.

The eyes in all individuals of U. rostrata, U.
mecoyt, U. cretacea, P. suevica and the specimens
from the Middle Jurassic of Bielefeld are large and

located on the lateral sides of the head, similar
to extant larval forms of Gnathiidae, which need
to find and attach to their host fishes (Monod,
1926). This suggests that the visual sense likely
played an important role in the ecology of the now
extinct animals (Nagler e al., 2017). Due to the
large size of the fossil specimens, it is likely that
they are adult. However, in adult extant parasitic
representatives of the group Cymothoidae, which
are known to attach to their host for long periods
of time, the eyes are often much smaller and
proportionally smaller than those of immatures,
with adult females having the proportionally
smallest eyes, even in species that do not attach
within body cavities of the host (e.g. Brusca, 1978;
Thamban e al., 2015). In extant representatives
of Aegidae, which have been recorded to be
temporary parasites of fishes, the eyes of the adults
are often very large (Bruce, 2009). This could be
an indication that representatives of the above-
mentioned extinct species were not permanently
attached to the fishes.

Nagler et al. (2017, p. 9) reconstructed the
mouthparts of the fossil specimens from Bielefeld
(‘Urda rostrata’ therein but see discussion above).
They concluded that the mouthparts formed a
‘loose’ mouth-cone and the individual mouthparts
were similar to those of extant parasitic forms of
the group Cymothoida. Our reconstruction of
the mouthparts (based on the same pC'T scans)
shows important differences to the original
reconstruction. 1) Based on our reconstruction,
there is no distinct labrum present that could form
the anterior confinement of the mouth cone. 2)
The maxilliped in our reconstruction corresponds
to the maxilla in the reconstruction of Nagler e
al. (2017, fig. 4B3). Also, we could not find this
structure to have a distal end with 3 spines (Figures
15M, 15N). Overall, in our reconstruction we
could not find similar confinement structures as
in the feeding apparatus of extant representatives
of Cymothoidae or larval forms of Gnathiidae (cf.
Figures 15K-N, 10E-T vs. 15A, 151, 15]). Most
importantly, the proportional size and the strongly
curved shape of the mandible incisors are very
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different from the extant parasitic forms within the
groups Cymothoidae and Gnathiidae. The shape
of the mandibles indicates a piercing rather than
a cutting or grinding motion, however, without
a sealing mouth-cone, the feeding mechanism
of the herein presented fossil specimens remains
uncertain.

The morphology of the distal leg elements
(dactyli) 1s different to those in representatives
of Cymothoidae, which use their legs to attach
to a host. The most obvious difference is that in
representatives of Cymothoidae the claws are
more strongly curved and the width of the claw
at the base is much greater. This would suggest
that at least the mechanism of attaching to a
fish is different from that in representatives of
Cymothoidae and possibly more similar to that
in larval forms of Gnathiidae, as they are more
similar to these (cf. Figures 14A-F, 16 vs. 20A—B).

4.8. GEOGRAPHIC AND STRATIGRAPHIC
DISTRIBUTION

Urda rostrata and all its herein discussed extinct
relatives come from Central and Western Europe
(Figure 23). Considering the scarcity of the fossil
record of the group Isopoda in general, a probably
strong geographical sampling bias (intensive
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collecting in Europe), and the presence of fossils
outside of Europe with resemblance to U. rostrata
(Taylor, 1972; Grant-Mackie et al., 1996), as of now,
the fossil record seems not to be a helpful tool for
the study of the biogeographical origin of the group
Gnathiidae.

The earliest fossils that can be identified as
close relatives of Urda rostrata and Gnathiidae are
from the Lower Jurassic Amaltheenton Formation
(Pliensbachian) in southern Germany (Reiff, 1936;
Figure 19). Slightly even older fossils — also from the
Pliensbachian — have been found geographically
close by (Frentzen, 1937); however, as discussed
above, while there are no morphological structures
that would argue against a close phylogenetic
relationship to U. rostrata, there are not enough
structures preserved in the fossils to convincingly
argue for a close relationship. The youngest
occurrence of a close relative of Urda rostrata, that
does not share the above mentioned apomorphies
of Gnathiidae, is Albian in age and from the East
of England (Carter, 1889; Feldmann et al., 1994)
(Figure 19).

When exactly the last relatives of U. rostrata,
which are not representatives of Gnathiidae, went
extinct 1s difficult to tell. For once, although there
are intensively studied marine sediments from the
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Upper Cretaceous (e.g. Rathbun, 1935; Lehmann
and Holl, 1989), there is no record of animals with a
similar body shape, except for one poorly preserved
specimen from the Santonian (Upper Cretaceous) of
Texas (Bowman, 1971) that bears some resemblance
to the herein discussed fossils, but does not allow
for a concise systematic interpretation. On the
other hand, there is no fossil record of the group
Gnathiidae, which could suggest that from the Late
Cretaceous on extinct relatives and representatives
of Gnathiidae lived in habitats where animals with
chitinous exoskeletons are unlikely to be preserved
as fossils.

5. Taxonomy

Remarks: TFull synonymy lists are presented.
The style of the synonymy lists and the open
nomenclature follows Matthews (1973).

Peracarida Calman, 1904
Isopoda Latreille, 1817
Scutocoxifera Dreyer and Wigele, 2002

Urda Miinster, 1840

Type species: Urda rostrata Minster, 1840.
Emended diagnosis: Anterior margin of the
head with a straight median portion (proximal
joint of the upper lip) and paired concave rounded
incisions lateral to it (space for the proximal elements
of the antennula); frontal lamina not developed
(or conjoined with the head capsule); upper lip
large, (can be) projected in anterior direction (not
facing in ventro-posterior direction); labrum not
distinct (likely conjoined with the clypeus, forming
the upper lip); mandible incisor large, projected
anteriorly (not to the ventral side), about 90 degrees
curved inward, with a pointed tip; tergite of PO7
very short, subsequent tergites much longer; leg of
PO7 short and located on the ventral side of the
head; pleotelson with lateral sides about parallel in
the anterior part, posterior margin semicircular,
straight or with a slight concave median notch.

Remarks: The genus Urda was originally
described to accommodate four different species
(Minster, 1840), all of them recognized later as
representing a single species (Oppel, 1862; Kunth,
1870). The genus Reckur was erected by Miinster
(1842), only to be found synonymous with Urda
several decades later (Oppel, 1862; Kunth, 1870).
Since then, various isopod fossils from Mesozoic
strata were assigned to the genus Urda.

Urda rostrata Minster, 1840
Figures 1-7, 22G

1839 ‘Isopoden’ — Minster, p. 2.

* 1840 Urda rostrata — Minster, p. 21, pl. 1, fig. 2
1840 Urda decorata — Munster, p. 21, pl. 1, fig. 4.
1840 Urda cincta — Minster, p. 22, pl. 1, fig. 5.
1840 Urda elongata — Munster, p. 22, pl. 1, fig. 3.

. 1842 Reckur punctatus — Minster, p. 77, pl. 9, fig.

10. syn. nov.

1846 ‘Les Urda’ [sic] — Pictet, p. 55, pl. 3, fig. 2.
1846 Reckur affinis — Meyer, p. 598.
1853 Urda decorata Miinster — Pictet, atlas, pl.

43, fig. 13.

1854 Urda rostrata Minster — Pictet, p. 467.
1854 Urda decorata Minster — Pictet, p. 467.
1854 Urda cincta Munster — Pictet, p. 467.

1854 Urda elongata Minster — Pictet, p. 467.
1856 Reckur affinis Meyer — Meyer, p. 50, pl. 10,

fig. 2.

1862 Urda punctata Miinster — Oppel, p .116.
1862 Urda rostrata Minster — Oppel, p. 116.
1870 Urda rostrata Minster — Kunth, p .790, pl.

18, figs. 1, la, 2.

1870 Urda punctata Minster — Kunth, p. 796, pl.

18, figs. 3, 3a.

1882 Urda rostrata Miinster — Ammon, p. 539.
1882 Urda punctata Miinster — Ammon, p. 539.
1885 Urda rostrata Munster — Zittel, p. 667, fig.

851.

1887 Urda rostrata Minster — Zittel, p. 664, fig.

868.

1887 Urda punctata Munster — Zittel, p. 664.
1889 Urda rostrata Minster — Carter, p. 194.
1889 Urda punctata Minster — Carter, p. 194.

TAXONOMY

)
=
(1]
(]
[v]
]
L
w
=
1S
v
v

=
0
(]
L)
(1]
Q
L
<
(L]
-
X
v

G
(<]
w
v

2
L

4y
v
1)

»n
)
(<]

s




TAXONOMY

(7]
j =
5]
v
v
o]
-
(7]
=
=
v
O
=
(7]
(]
L]
(1]
[=]
)
=
o]
)
x
()
G
(<]
(7]
(%
=
=
L
[
1=
»
(7]
(=]
L

http://dx.doi.org/10.18268/BSGM2023v75n2a220323

1904 Urda punctata Minster — Walther, p. 172.

1904 Urda rostrata Minster — Walther, p. 172.

1910 Urda rostrata Munster — Stolley, p. 191.

1910 Urda punctata Miinster — Stolley, p. 191.

1912 Urda rostrata Minster — Remes, p. 176.

1912 Urda punctata (Minster) — Remes, p. 176.

1928 Urda rostrata Minster — Van Straelen, p.
14.

1928 Urda punctata Minster — Van Straelen, p.
15.

1937 Urda rostrata Minster — Frentzen, p. 102.

1937 Urda punctata Miinster — Frentzen, p. 102.

1969 Urda rostrata Munster — Hessler, p. R387.

1971 Urda rostrata Minster — Buichner, p. 32.

1971 Urda punctata Miinster — Biichner, p. 32.

1972 Urda rostrata Munster — Taylor, p. 101.

1972 Urda punctata Minster — Taylor, p. 101.

1973 Urda rostrata Munster — Kuhn, fig. 45f.

1988 Urda rostrata Munster — Etter, p. 867.

1988 Urda punctata Minster — Etter, p. 867.

1992 Urda rostrata Miinster — Mezzalira and
Martins-Neto, p. 55.

1992 Urda punctata Minster — Mezzalira and
Martins-Neto, p. 55.

1994 Urda rostrata Munster — Frickhinger, 106,
fig. 167.

1996 Urda rostrata Munster — Grant-Mackie,
Buckeridge and Johns, p. 37.

1999 Urda rostrata Miinster — Brandt, Crame,
Polz and Thomson, p. 666, tab. 1.

1999 Urda punctata Miinster — Brandt, Crame,
Polz and Thomson, p. 666, tab 1.

2014 Urda rostrata Munster — Etter, tab. 1.

2014 Urda punctata Munster — Etter, tab. 1.

2015 Urda rostrata Minster — Schweigert in
Arratia, Schultze, Tischlinger and Viohl, p.

289, fig. 602

2017 Urda rostrata Miinster — Nagler, Hyzny
and Haug, p. 3, tab. 1.

2017 Urda punctata Minster — Nagler, Hyzny
and Haug, p. 3, tab. 1.

non 2017 Urda rostrata Nagler, Hyzny and Haug,
p- 5, figs. IA-E, 1G, 2, 3, 4A-C, 5, 6.

Type material studied: Holotype considered
lost, not found in the collections in Munich and
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Berlin, (M. Reich, 2020, pers. comm.; A. Abele-
Rassuly, 2021, pers. comm.); holotype of Urda
elongata Munster, 1840 (SNSB BSPG AS 493);
holotype of Reckur punctatus Munster, 1842 (SNSB
BSPG AS 496).

Other material studied: JME SOS 1794;
10 additional specimens from private collections
of the German private collector ‘Leptolepides’
(Figure 3), Herbert Gratt (Figure 4A), Manfred
Ehrlich (Figure 4B, 4D), Udo Resch (Figures 4C,
5A — E), Falk Starke (Figure 4E), Daniel Fauser
(Figure 6), and Norbert Winkler (Figure 7).
Diagnosis: Upper lip distal part wider than
proximal part, latero-distal corners rounded,
eyes narrow and elongate, tapering towards the
posterior end; posterior ends of the eyes close to the
level of the posterior margin of the head; tergite of
PO7 with convex posterior margin; pleon tergites
1-3 with posterior margin overall concave, convex
in the mid-part and concave in the lateral parts;
pleotelson posterior margin straight in the median
portion.

Remarks: Originally, Meyer (1840) described
four different species of Urda, 1.e., U. rostrata, U.
decorata, U. cincta, and U. elongata. All of them were
found synonymous with ecach other by Oppel
(1862). Kunth (1870) recognized Reckur affinis as
a junior subjective synonym of U. rostrata. Since
then, consistently two species of Urda have been
recognized from lithographic limestones of the
Solnhofen area, i.e., U. rostrata and U. punctata.
Alleged differences are considered as a result of
taphonomy (for more details see the text further
above). Consequently, both taxa are treated as
a single valid species herein. Thus, U. punctata
(originally as Reckur punctatus) is herein recognized
a junior subjective synonym of U. rostrata.
Occurrence: Upper Jurassic (Tithonian) of
Bavaria, Germany.

Urda mccoyi (Carter, 1889)
Figure 8

(1875) Squilla McCoyi — Seeley: museum label.
(nomen nudum)
1875 Squilla McCoyr — Jukes-Browne, p. 277.
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(nomen nudum)

1881 Squilla McCoyi — Jukes-Browne, p. 153.
(nomen nudum)

* 1889 Palaega McCoyi — Carter, p. 195, pl. 6, figs.
1-7.

1897 Squilla McCoy: — Cowper Reed, p. 120.
1928 Palacga Mac Coyi Carter — Van Straelen, p.
20.

1994 Urda mccoyt (Carter) — Feldmann, Wieder
and Rolfe, p. 88, fig. 2.3, 2.4, 2.6.
non 1994 Urda mecoyt (Carter) — Feldmann, Wieder
and Rolfe, p. 88 fig. 2.1, 2.2, 2.5, 2.7.

1999 Urda mecoyi (Carter) — Brandt, Crame,
Polz and Thomson, tab. 1.

2006 ?Palaega mecoyt Carter — Feldmann and Rust,
tab. 1.
2014 Urda mecoyi (Carter) — Etter, p. 935, tab. 1.

Type material studied: Three syntypes: SM B
23295, SM B 23296, SM B 23297.

Emended diagnosis: Lyes with posterior end
at about #s of the heads length; coxal plates of
POB8-9 with straight lateral margin parallel to the
lateral margin of the tergite; coxal plate of PO10
anterior part wide, posterior part narrower; coxal
plates of PO11-13 anterior part narrow, posterior
part wider; tergite of PO13 postero-lateral corner
pointed or tightly rounded; pleon tergites with
lateral parts curved ventrally; pleon tergites 3—4
with posterior margins evenly concave; pleotelson
posterior margin rounded (or with a very narrow
straight median part, distal-most part not well
preserved).

Remarks: The species, originally described
as a representative of Palaega, was interpreted to
be a representative of Urda by Feldmann et al.
(1994), based on the restudy of the type material;
we concur with this interpretation. Urda mecoyt
differs from the type species, U. rostrata, in having
considerably smaller eyes, a proportionally longer
tergite of PO8 and rounded posterior margin of
the pleotelson. The pleotelson of U. mccoyi 1s more
elongate than in U. buechner:.

Occurrence: Lower Cretaccous (Albian) of
England (UK).

Urda aff. mccoyi (Carter, 1889)

1994 Urda mccoyi (Carter) — Feldmann, Wieder
and Rolfe, p. 88, fig. 2.1, 2.2, 2.5, 2.7.

Material: One specimen, GSE 15083.
Remarks: There are morphological differences
between the specimen from the Isle of Skye and
the type material from England. Additionally, the
specimen from the Isle of Skye is more than 53
million years older than the type material of U.
mecoyt (see discussion above).

Occurrence: Upper Jurassic (lower Oxfordian)

of the Isle of Skye (Scotland, UK).
Urda cretacea Stolley, 1910

* 1910 Urda cretacea — Stolley, p. 204, pl. 6. figs.
2—4, 2a—4a.
1914 Urda cretacea Stolley — Calman, p. 325.
1928 Urda cretacea Stolley — Van Straelen, p. 17.
1937 Urda cretacea Stolley — Frentzen, p. 102.
1969 Urda cretacea Stolley — Hessler, p. R387.
1971 Urda cretacea Stolley — Biichner, p. 32.
1972 Urda cretacea Stolley — Taylor, p. 101.
non 1972 Urda cf. cretacea Stolley — Taylor, p. 97,
figs. 2.
1988 Urda cretacea Stolley — Etter, p. 863.
1992 Urda cretacea Stolley — Mezzalira and
Martins-Neto, p. 55.
1994 Urda cretacea Stolley — Feldmann, Wieder
and Rolfe, p. 89.
2017 Urda cretacea Stolley — Nagler, Hyzny and
Haug, p. 3, tab. 1.

Type material studied: None. The type
material is lost, most likely destroyed in World
War II (Nagelke, 2000).

Diagnosis: Lyes with posterior end at about
two thirds of the length if the head; upper lip with
median process; coxal plates of PO11-12 large,
with straight lateral sides parallel to the lateral
margins of the tergites, antero-lateral corner
angled, postero-lateral corner rounded; pleon
tergites with straight posterior margins, lateral
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parts curved to ventral side; pleon tergites 2—5
with pointed postero-lateral corners.

Remarks: Urda cretacea differs from the type
species, U. rostrata, in having shorter eyes, the
anterior margin of the upper lip with a median
process, the pleotelson with evenly rounded
posterior margin. Urda cretacea differs from U.
mecoyt in having the head as wide as the tergite
of PO8 and the posterior margin of the head in
dorsal view being wide.

Taylor (1972) presented a specimen from
the Lower Cretaceous of Antarctica, which he
identified as Urda cf. cretacea. Feldmann et al.
(1994) already noted that they could not support
this identification. We concur with Feldmann e
al. (1994): the poor preservation of the material
from Antarctica precludes an identification of
the specimen as a representative of U. ¢retacea and
also as a representative of the group Urda (see
discussion above).

Occurrence: Lower Cretaceous (Aptian) of
Lower Saxony, Germany.

Urda suevica (Reiff, 1936) n. comb.
Figures 9-11

* 1936 Palaega suevica — Retft, p. 67, figs. 7a—c, 8,
9; pl. 1, fig. 6-9; pl. 2, fig. 3; fig. 10; pl. 9, figs. 4-6.

1936 Palacga kessleri — Reift, p. 51, fig. 1la—e; pl.
1, figs. 4-5, fig. 2, figs. 3—4; pl. 1, figs. 1-3; pl. 9,
figs. 1-9; fig. 5.b syn. nov.

1937 Palaega kessler: Reiff — Frentzen, p. 101.

1968 Palaega kessler: Reiff — Malzahn, p. 832.

1968 Palaega suevica Reiff — Malzahn, p. 832.

1982 Palaega kessler: Reiff — Quayle, p. 31.

1988 Palaega kessler: Reiff — Etter, p. 859.

1988 Palaega suevica Reiff — Etter, p. 859.

1993 Palaega kessler [sic] Reift — Obata and
Omort, p. 60.

2005 Palaega kessleri Reiff — Feldmann and
Goolaerts, p. 1031.

2005 Palaega suevica Reiff — Feldmann and
Goolaerts, p. 1031.

2006 Palaega kesslert Reiff — Feldmann and Rust,
p- 412, tab. 1.
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2006 ? Palaega suevica Reiff — Feldmann and Rust,
p- 412, tab. 1.

2013 Palaega kesslert Reiff — Hyzny, Bruce and
Schlogl, p. 620.

2013 Palaega suevica Reift — Hyzny, Bruce and
Schlogl, p. 620.
2014 Palaega kesslert Reiff — Etter, p. 935, tab. 1
2013 Palaega suevica Reiff — Etter, p. 935, tab. 1

2014 Palaega kessler: Reiff — Jones, Feldmann and
Garassino, p. 740.

2017 Palaega kessleri Reiff — Keupp and Mahlow,
p- 162.

2017 Palaega suevica Reiff — Keupp and Mahlow,
p. 162.

Neotype: Kirchheimer Exemplar (Fundstiick F) in
Reift (1936) collection of the University of Ttibingen,
GPIT-PV-76948, Lower Jurassic, Pliensbachian,
‘Lias delta’, Amaltheenton Formation, Kirchheim
unter Teck, Baden-Wiirttemberg, Germany.
Other material studied: 1 specimen figured
in Reiff’ (1936, ‘Fundstuck A’, fig. la—c, pl. 1
figs. 4-5) as ‘Palacga kessler?, GPIT-PV-76947,
Reutlingen, Baden-Wirttemberg, Germany. 1
specimen, figured in Reiff (1936, ‘Fundstick B’
fig. 2) as ‘Palaega kessler’, collection of the municipal
museum of Natural History in G6ppingen, without
accession number, Holzheim (G&ppingen), Baden-
Wiirttemberg, Germany. 2 specimens, figured
in Reiff (1936; ‘TFundstuck €, figs. 3—4, pl. 1 figs.
1-3, pl. 2 figs. 1-2; ‘Fundstiick D’, fig. 5) as ‘Palacga
kessler’, collection of the State Museum of Natural
History Karlsruhe, destroyed during World War II
(E. Frey, 2020, pers. comm.), Reichenbach (Aalen),
Baden-Wirttemberg, Germany. 1 specimen,
figured in Reift (1936, ‘Fundstiick E’, figs. 7-9, pl.
1 figs. 6-9, pl. 2 fig. 3) as “Palaega suevica’, collection
of the State Museum of Natural History Karlsruhe,
destroyed during World War II (E. Frey, 2020,
pers. comm.), Holzheim (Géppingen), Baden-
Wirttemberg, Germany. All from the Lower
Jurassic, Pliensbachian, ‘Lias delta’, Amaltheenton
Formation.

Diagnosis: Eyes with posterior end at about ¥4 of
the heads length; upper lip with a distinct median
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convexity; posterior margin of the head convex,
without a straight median part; coxal plate of PO8
conjoined with the tergite of POS.

Remarks: The two names suevica and kessleri were
both published in the same publication (Reiff, 1936)
with different name bearing types. As discussed
above, we find that the two names belong to the
same species, making one of the names a subjective
synonym of the other. According to ICZN Art.
24.2.2 we give the species suevica precedence
over fkessleri because GPIT-PV-76948 (part of
the type series of suevica) is the only remaining
specimen of the two type series where the head is
preserve. This makes the name kessler: a subjective
synonym of suevica. The holotype of Palaega suevica
has been destroyed in WW2 (E. Frey, 2020, pers.
comm.). To clarify the taxonomic status of the
species, we decided to designate GPI'T-PV-76948
(‘Fundstick F’) to be the neotype of the species
Urda suevica. Judging from the original description
and illustrations, the head morphology in GPIT-
PV-76948 is consistent with the head morphology
of the (lost) holotype of suevica and the (lost)
holotype of kessleri. The holotype of suevica and the
neotype of suevica originate from rocks of the same
(suggested by the similar preservation) or about
the same age (both are specified as ‘Lias delta’) and
come from a narrow geographical region (the field
sites are less than 20 km apart).

Occurrence: Lower Jurassic (Pliensbachian) of

Baden-Wiirttemberg, Germany.

Urda buechneri n. sp.
Figures 12-14, 15K-15N, 16-18
urn:lsid:zoobank.org:act:urn:lsid:zoobank.
org:act: DDAI6B55-61 EA-491B-959C-
569C76B07F1D

1971 Urda sp. Biichner, p. 28, figs. 1-5.

2007 ‘Flabellifera® Wittler, p. 19, fig. 1.
v . 2017 Urda rostrata Nagler, Hyzny and Haug, p.
5, figs. 1A-E, 1G, 2, 3, 4A-C, 5, 6.
Etymology: In honour of Martin Buchner
(1932-2022), the former director of the Natural
History Museum Bielefeld, who described some

of the type specimens in 1971, without formally
describing the species.

Holotype: SNSB — BSPG 2011 I 50.
Paratypes: SNSB — BSPG 2011 I 51, ES/jb-
8744, ES/jb-30755, ES/jb-30756.
Typelocation and stratum: Middle Jurassic,
Bajocian, Parkinsonia parkinsoni Zone, clay pit
‘Bethel 1°, Bielefeld, North Rhine-Westphalia,
Germany.

Diagnosis: Eyes with posterior end at about ¥
of the length of the head; antenna short; tergite
of PO7 posterior margin straight; coxal plates
of PO8-9 with straight lateral margin parallel
to the lateral margins of the tergites; coxal plate
of PO10 anterior part wide and much narrower
in the posterior part; coxal plates of PO11-13
anterior part narrow and posterior part wider;
tergite of PO13 with postero-lateral corner
widely rounded; pleon tergites with about straight
posterior margins; pleon tergites 2-5 with lateral
parts curved to the ventral side, postero-lateral
corners pointed and projecting posteriorly;
pleotelson posterior margin rounded; uropod
endopod lateral margin with denticles.
Remarks: The type material of U. buechner:
n. sp. has previously been figured as U. rostrata
(Nagler et al., 2017); the same material is herein
interpreted as a belonging to a species distinct
from U. rostrata. Urda buechneri n. sp. differs
from U. rostrata in having distinctly shorter eyes
(relative to the length of the head) and from U.
mecoyt in having a less bulged head and a less
convex posterior margin of the tergite of PO7.
Urda buechner: n. sp. differs from U. cretacea in
having a narrower head and from U. suevica
n. comb. in having a straight mid-part in the
posterior margin of the head and in having
distinct coxal plates in POS.

Occurrence: Middle Jurassic (Bajocian) of
North Rhine-Westphalia, Germany.

Urda stemmerbergensis (Malzahn, 1968)
n. comb.

* 1968 Palaega?  stemmerbergensis Malzahn, p.

828, pl. 58, figs. 1-2, 4-5.
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1975  Palaega  stemmerbergensts  Malzahn — —
Secretan, p. 320.

2005 ?Palaega  stemmerbergensis Malzahn ——
Feldmann and Goolaerts, p. 1031.

2006 ?Palacga  stemmerbergensis Malzahn ——
Feldmann and Rust, p. 412, tab. 1.

2015 Palaega stemmerbergensis Malzahn — Vonk,
Latella and Zorzin, p. 543.

Type material studied: None. The type
material consisting of a single specimen has to be
considered lost (C. Heunisch, 2019, pers. comm.).
Remarks: The affinity of this fossil with other
representatives of Palaega (collective group) has
already been doubted in its original description
(Malzahn, 1968) — e.g., the pleotelson in U.
stemmerbergensis lacks a spinose posterior margin
which has been one of the most important
characters for the assignment of species to
Palaega (Hyzny et al., 2013). The holotype of U.
stemmerbergensis shares multiple characters with
species of Urda as characterised herein (for more
details see discussion above). The poor preservation
of the single type specimen does not allow to
differentiate the species from other species of Urda
as herein characterised. The detailed nature of
the description and the photographs provided in
the original publication should, however, allow to
relate potential future specimens to the holotype.
Occurrence: Lower Cretaceous (Hauterivian) of
Lower Saxony, Germany.

Scutocoxifera incertae sedis

Eobooralana n. gen.
urn:lsid:zoobank.org:act:2478BBC2-266E-4A4B-
949B-251819A411'DA

Etymology: Prefix ¢o (from Greek €0s, meaning
dawn) refers to the age of the holotype of the
type species; -booralana indicates the superficial
resemblance to the extant species Booralana
tricarinata - Camp and  Heard, 1988, which
etymological origin is the aboriginal word booral,
meaning large reflecting the size of the holotype of
the type species; the gender is feminine.
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Type species: Eobooralana rhodanica (Van Straelen,
1928) n. comb.

Diagnosis: As for the species/not applicable,
since monotypic.

Remark: The holotype of the type species cannot
be identified to a group ranked at genus level based
on apomorphic character states. To be consistent
with the recommendations of the ICZN, this new
generic name is provided.

Eobooralana rhodanica (Van Straelen,

1928) n. comb.

* 1928 Urda rhodanica — Van Straelen, p. 13, text
fig. 1, pl. 1, fig. 1.

1988 Urda rhodanica Van Straelen — Etter, p.
867.

1992 Urda rhodanica Van Straelen — Mezzalira
and Martins-Neto, p. 53.

1999 Urda rhodanica Van Straelen — Brandt,
Crame, Polz and Thomson, tab. 1.

2014 Urda rhodanica Van Straelen — Etter, tab.
1.

2017 Urda rhodanica Van Straelen — Nagler,
Hyzny and Haug, p. 3, tab. 1.

Type material studied: Interpretation based
on Van Straelen’s text fig. 1 (drawing) and pl.
1, fig. 1 (photograph); type material should be
located in the collection of the Institut de Géologie
de I’Université de Lyon.

Diagnosis: Coxal plates of PO10-13 (all that are
preserved) with transverse furrow in the anterior
part; coxal plates of PO10-11 of about the same
size; coxal plates of PO11-13 increasing in size;
pleotelson about as long as coxal plate of PO13,
in the anterior part with an elevation orthogonal
to the midline, with a carina along the midline
posterior to the elevation, posterior margin
concave in the median part; uropod endopod
and exopod distally extending to the level of the
pleotelson posterior margin.

Remarks: Although the only known specimen
of Eobooralana rhodanica n. comb. does not possess
the head and the anterior portion of the trunk, the
coxal plate of PO12 is much larger than the coxal
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plate of PO11 and the coxal plate PO13 is even
larger than the coxal plate of PO 12, whereasin the
type species of Urda (U. rostrata) and its congeners
(U. buechneri n. sp., U. cretacea, U. mccoyt) the coxal
plate of PO13 is smaller than the preceding coxal
plates. Additionally, the posterior margin of the
pleotelson in E. rhodanica n. comb. has a distinct
concave notch, which is much more prominent
than that in the type species of Urda, U. rostrata.
Occurrence: Middle Jurassic (Callovian) of
France.

Scutocoxifera incertae sedis
Urda? liasica (Frentzen, 1937) nom. dub.

* 1937 Urda lasica — Frentzen, p. 101, text fig.
1b.
1972 Urda liasica Frentzen — Taylor, p. 101.
1988 Urda hasica Frentzen — Etter, p. 867.
1992 Urda lasica Frentzen — Mezzalira and
Martins-Neto, p. 55.
1999 Urda lasica Frentzen — Brandt, Crame,
Polz and Thomson, tab. 1.
2014 Urda hasica Frentzen — Etter, tab. 1.
2017 Urda hasica Frentzen — Nagler, Hyzny
and Haug, p. 3, tab. 1.

Type material studied: None. The type
material, consisting of a single specimen, is
reported to have been destroyed during World
War II (E. Frey, 2020, pers. comm.).
Remarks: Neither the description nor the
accompanying single, rather stylised, drawing
of the holotype allow to relate any new material
that might emerge in the future to the holotype.
Only the implausible recovery of the holotype
could make it possible to to apply the name Urda?
hasica to an actual population in an undoubtful
manner. Consequently, Urda? lasica is herein
considered a nomen dubium.

Occurrence: Lower Jurassic (Toarcian) of
Baden-Wiirttemberg, Germany.

Urda? moravica (Remes, 1912)

* 1912 Urda moravica Remes, p. 173, pl. 1, figs.
1-4.

1928 Urda moravica Reme$ — Van Straelen, p.
14.

1972 Urda moravica Remes — Taylor, p. 101.

1988 Urda moravica Remes — Etter, p. 867.

1992 Urda moravica Remes — Mezzalira and
Martins-Neto, p. 55.

1999 Urda moravica Reme$ — Brandt, Crame,
Polz and Thomson, tab. 1.
2014 Urda moravica Remes — Etter, tab. 1.

2017 Urda moravica Remes — Nagler, Hyzny and
Haug: p. 3, tab. 1.

Type material studied: None. The type
material was supposed to be deposited in the
palacontological collections of the University of
Vienna. The search at the respective institution by
one of us (MH) was not successful; hence, the type
material of Urda? moravica is considered lost.
Remarks: Although the type material is lost, it
should be possible to relate future specimens that
might emerge from the same locality or nearby to
the holotype, since its description is accompanied
by photographs and a seemingly accurate drawing.
With the preservation of the single known
specimen, consisting only of the posterior part
of the body, it is currently impossible to reliably
differentiate  Urda? moravica from other species
within Scutocoxifera.

Occurrence: Middle Jurassic (Bathonian) of the
Chriby mountain region, Czech Republic.

Urda? zelandica (Buckeridge and Johns
in Grant-Mackie, Buckeridge and Johns,
1996)

* 1996 Urda zelandica Buckeridge and Johns in
Grant-Mackie, Buckeridge and Johns, p. 35, figs.
3-5.

1999 Urda zelandica Buckeridge and Johns —
Brandt, Crame, Polz and Thomson, tab. 1.

2014 Urda zelandica Buckeridge and Johns —
Etter, tab. 1.
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2017 Urda zelandica Buckeridge and Johns —
Nagler, Hyzny and Haug, p. 3, tab. .

Type material studied: Holotype: A406 in
collection of the Geology Department, University
of Auckland.

Remarks: Despite the resemblance to the fossils
of U. rostrata and the species herein interpreted as
close relatives, the holotype, which is a strongly
compressed fossil of only the posterior body region,
does not yield enough characters to confirm a
close relationship with U. rostrata. It is currently
not possible to reliably differentiate Urda? zelandica
from other species.

Occurrence: Upper Jurassic (Tithonian) of
North Island, New Zealand.

6. Conclusions

*  There is only a single species — Urda rostrata —
that occurs in the Late Jurassic limestones of
the Solnhofen area (southern Germany).

*  The fossil specimens from the Middle Jurassic
of Bielefeld are not conspecific with U. rostrata
but can be attributed to a new species: Urda
buechneri n. sp.

*  Several species that have been attributed to
the genus Urda cannot be safely identified as
close relatives of the type species U. rostrata or
cannot be distinguished from other species.

*  Urda rostrata and its extinct relatives are closely
related to the group Gnathiidae.

*  There is no autapomorphy for a monophyletic
group Urda, but there are apomorphic
character states for an unnamed group that
comprises Gnathiidae and all species herein
attributed to the name Urda.

*  Well preserved fossils, as the ones presented
herein, could play an important role to
determine the phylogenetic position of the
group Gnathiiddae within its parent group
Scutocoxifera.

*  All fossil remains that can clearly be identified
as belonging to close relatives of U. rostrata
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are from Europe with a stratigraphic range
spanning from the Early Jurassic to the Early
Cretaceous (ca. 185-105 million years before
present).
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