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ABSTRACT—Description of a new species of crab, Ekalakia exophthalmops, brings to two the number of species within this Late Cretaceous
genus from the upper mid-west in North America. Discovery of eyes and orbital structures in both species permits placement of the genus
within the superfamily Glaessneropsoidea Patrulius, 1959 and family Glaessneropsidae Patrulius, 1959, extending the range of those taxa from
the Late Jurassic into the Late Cretaceous. The extraordinarily large eyes relative to body size suggests that the Jurassic reef-dwelling crabs
were adapted for a cryptic lifestyle which preadapted them for the deep-water, dysphotic, level-bottom habitat occupied by the Cretaceous

descendants.

INTRODUCTION

THE GENUS Ekalakia Bishop, 1976 has been an enigmatic taxon

of fossil crabs since its description because it bore no resem-
blance to other Cretaceous crabs from the mid-continent in North
America. Instead, it more closely resembled primitive crabs
known from the Jurassic of Europe. Unfortunately, the preser-
vation of the type material was incomplete, and the surfaces of
the specimens were highly abraded, so that detailed comparison
with other taxa was not possible. The two additional specimens
of the type species collected subsequently (Tucker et al., 1987)
did little to supplement the knowledge of the morphology of the
genus.

Chance collection of two new specimens, one from Wyoming
and one from Montana, has provided necessary morphological
details to profoundly enhance our understanding of Ekalakia and
to place it in a much broader context. At the same time, these
discoveries shed light on the morphology of an enigmatic Jurassic
genus, Glaessneropsis Patrulius, 1959. Interpreting the relation-
ship between these two genera was made possible by the descrip-
tion, for the first time, of the morphology of the eyes and the
orbital structures surrounding the eyes.

The discovery of new specimens of Ekalakia spurred exami-
nation of uncatalogued material in the collections of the U.S. Na-
tional Museum of Natural History, which revealed 24 specimens
collected from a single locality in southwestern North Dakota,
tentatively identified as E. lamberti by G. A. Bishop in 1976.
Some, and possibly all, of that material was collected by Barnum
Brown in August, 1931. This material is extremely important be-
cause it is not only better and more completely preserved than
the types, but it also contains several specimens that retain parts
of the eyes and the orbital rim structures. Another specimen of
Ekalakia, identified as ?Prosopon sp. by M. J. Rathbun and col-
lected from the Bearpaw Shale in Montana, is questionably re-
ferable to the new species described herein.

Thus, the purposes of this work are to describe a new species
of Ekalakia from the Upper Cretaceous of Wyoming and Mon-
tana; to emend the description of the type species; to document
the placement of Ekalakia and Glaessneropsis within the same
family, the Glaessneropsidae Patrulius, 1959; to describe the
stratigraphic and geographic range extension of the family; and
to discuss the functional morphology of the orbital structures in
the two known species of Ekalakia. Discovery of the eyes and
orbital structures permits the hypothesis that they evolved in the
Jurassic as an adaptation to a cryptic lifestyle in reefs and were
pre-adapted to life in dysphotic, deeper water environments in
Cretaceous siliciclastic environments.

SYSTEMATIC PALEONTOLOGY

Institutional abbreviations—BSP, Bayerische Staatsammlung
fur Palaontologie und historische Geologie Miinchen, Munich,

Germany; C.C.M., Carter County Museum, Ekalakia, Montana;
CM, Carnegie Museum of Natural History, Pittsburgh, Pennsyl-
vania; USNM, United States National Museum of Natural His-
tory, Smithsonian Institution, Washington, D.C.

Class MALACOSTRACA Latreille, 1802
Order DEcaPODA Latreille, 1802
Infraorder BRACHYURA Latreille, 1802
Superfamily GLAESSNEROPSOIDEA Patrulius, 1959
Family GLAESSNEROPSIS Patrulius, 1959

Included genera—=Glaessneropsis Patrulius, 1959; Ekalakia
Bishop, 1976.

Genus EKALAKIA Bishop, 1976

Type species—FEkalakia lamberti Bishop, 1976, by original
designation.

Included species—Ekalakia lamberti Bishop, 1976; E. ex-
ophthalmops new species.

Diagnosis—Small crab, outline pentagonal to ovoid, longer
than wide; with downturned, axially sulcate rostrum; prominent
orbital rim surrounding inner and posterior margin of orbits; rim
separated from remainder of carapace by deep groove; lower or-
bital margin extending laterally into spine or lobose projection
extending beyond lateral margin of carapace; eyes large; regions
well defined; mesogastric region triangular, separated into two
sub-regions; metagastric region bilobate; cardiac region ovoid,
strongly elevated; metabranchial region depressed below level of
remainder of carapace; cervical and branchiocardiac grooves
prominent, subparallel.

Discussion—Discovery of a second species of Ekalakia per-
mits identification of characters common to both species and,
therefore, refinement of generic characteristics. Thus, the diag-
nosis given here emphasizes the characters visible on members
of both species. Notable is the development of the prominent
orbital rims that embrace very large, nearly circular eyes. Al-
though the presence of eyes with apparently short eyestalks that
protrude from beneath the rostrum and that are protected to a
limited extent by an orbital rim is seen in all glaessneropsids, the
rim is not known to extend onto the margin of the rostrum in any
other member of the Glaessneropsidae. The outer, lower orbital
spine or projection is unique in the family.

EKALAKIA LAMBERTI Bishop, 1976
Figure 1.1, 1.2, 1.4-1.10

Diagnosis—Small carapace, outline ovoid; longer than wide;
maximum width measured at distance of about 70% maximum
length from front; carapace anterior to cervical groove relatively
small; rostrum axially sulcate, downturned; termination unknown.
Margins of rostrum strongly inflated and granular. Eyes large,
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FIGURE 1—1, 2, 4-10, Ekalakia lamberti Bishop, 1976. I, dorsal view of holotype, C.C.M. 5590; 2, dorsal view of paratype, C.C.M. 5571; 4, 5, dorsal
and oblique frontal views of hypotype, CM 34559; 6, 7, dorsal and oblique frontal views of hypotype, CM 34558; 8, dorsal view of USNM 536306; 9, dorsal
view of front part of carapace of USNM 536307; 10, oblique, left lateral view of USNM 536308. 3, Glaessneropsis heraldica (Moericke, 1897), cast of
holotype, BSP AS III 306. Scale bar for /, 2, 4-7 = 5 mm. Scale bars for 3, 8~/0 = 1 mm. O = orbital projection; R = orbital rim.
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FIGURE 2—Ekalakia exophthlamops new species. /-3, Dorsal, frontal, and right lateral views of holotype, USNM 536328. 4, 5, dorsal and frontal views
of paratype, USNM 536329. Scale bars = 1 mm. O = orbital projection; R = orbital rim.

circular, arising beneath rostrum, and directed forward and up-
ward. Anterior orbital rim separated from rostrum by deep sulcus.
Lateral termination of posterior orbital rim expanded into a broad
plate bearing two blunt protuberances. Mesogastric region trian-
gular with small anterior and larger posterior portions separated
by subtle transverse groove; hepatic region strongly inflated. Cer-
vical groove a smooth curve; branchiocardiac groove parallel to
cervical groove. Cardiac region a prominent, circular swelling.
Surface of cephalothorax moderately granular, becoming more
finely granular on flanks of branchial region.

Occurrences—All specimens of Ekalakia lamberti were collected from the
uppermost part of the Campanian/Maastrichtian Pierre Shale (Bishop, 1976; Tuck-
er et al., 1987). The type material, C.C.M. 5590 and 5571, was collected from
two sites in southeastern Montana and deposited in the Carter County Museum
in Ekalaka, Montana (Bishop, 1976). Subsequently described material, CM 34558
and 34559, was collected from southwestern North Dakota and deposited in the

Invertebrate Fossils collection of the Carnegie Museum, Pittsburgh, Pennsylvania
(Tucker et al., 1987). These sites are all along the axis of the Cedar Creek An-
ticline. In addition to these sites, 22 additional specimens, USNM 536306536327,
were collected at USGS Locality 16003, 6%2 miles (10.5 km) southwest from
Marmarth, North Dakota, all presumably collected by Barnum Brown in August,
1931, and now deposited in the United States National Museum of Natural His-
tory, Washington, D.C. This locality, also on the Cedar Creek Anticline, is near
locality A 1235 of Tucker et al. (1987).

EKALAKIA EXOPHTHALMOPS new species
Figure 2.1-2.5

Diagnosis—Smaller and more quadrate than type species, with
prominent outer orbital spine; cervical groove of two nearly
straight elements; strongly granular ornamentation.

Description—Note: measurements and percentages are those determined
on holotype; those taken on paratype are enclosed in brackets.) Small cara-
pace, pentagonal outline, longer, 5.8 [6.2] mm than wide, 4.7 mm. Maximum
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width at outer orbital spine, 4.7 mm. Carapace width excluding eyes and
spine, 4.5 [5.0] mm, measured at position 67 [71] % total length from front.
Carapace anterior to cervical groove small; regions variable in expression;
cervical and branchiocardiac grooves well defined; surface granular.

Rostrum broad, 40 % maximum width, downturned, axially sulcate, inflated
on either side of sulcus, bounded on either lateral edge by orbital rim; ter-
mination not known. Frontal width, including inner orbital rims, 1.8 [2.4] mm;
fronto-orbital width approximately equals maximum width.

Orbits large, semicircular, defined by thick orbital rim consisting of two
parts; inner, anterior part extends longitudinally along anterior part of epigas-
tric region and rostrum and is separated from it by broad sulcus. Narrow
fissure in orbital rim separates anterior part of rim from posterior and lateral
part of orbital rim. Fissure may serve as point of articulation of ocular pe-
duncle. Posterior part of orbital rim paralleling anterior margin of protogastric
and hepatic regions, separated from remainder of carapace by a sulcus. Rim
flairs out laterally, at position of intersection of cervical groove with lateral
margin, into rimmed platform that bears a sharp, anterolaterally directed, outer
orbital spine marking widest part of carapace. Lateral margin between cervical
and branchiocardiac grooves bears two strong, apparently blunt, spines. Pos-
terolateral margin smoothly convex, becoming more strongly convex as it
merges with rimmed, concave posterior margin.

Epigastric regions elongate, arcuate, extending onto rostrum, separated an-
teriorly from one another by axial sulcus extending onto rostrum and poste-
riorly by anterior part of mesogastric region. Distinct sulcus separates epi-
gastric region from rectilinear protogastric region. Hepatic region distinct,
moderately inflated. Mesogastric region more or less triangular; divided into
triangular, coarsely pustulose anterior portion, and more weakly pustulose,
posterior portion by transverse depression. Posterior portion of metagastric
region bears domed swelling axially. Cervical groove consists of two nearly
straight elements converging on midline at about 115° angle.

Metagastric region widest axial region, 60 [55] % maximum width; narrow
axially, widens laterally; separated from bulbous, weakly pustulose epibran-
chial region by subtle sulcus. Urogastric region rectangular, about 3 times as
wide as high, depressed. Cardiac region ovoid, longer than wide, about 24
[28] % maximum width, domed. Branchiocardiac groove with straight lateral
elements converging on midline at about 130° angle to margin of cardiac
region, then curving around cardiac region. Intestinal region narrow, straight-
sided, indistinct.

Epibranchial region well-defined, quadrate, defined by cervical and bran-
chiocardiac grooves and distinct longitudinal groove between it and meso-
gastric region. Mesobranchial region large, inflated; with triangular, somewhat
more coarsely pustulose, branchial swellings on and separated from remainder
of mesobranchial region by subtle arcuate depression. Metabranchial region
with depressed surface bearing two broad, low elevations on each side.

Eyes very large, about 1 mm in diameter, nearly circular, nested within
ocular ring so that ocular peduncle must have been short. Entire carapace
surface pustulose or granular. Ventral surface, abdomen, and appendages not
known.

Etymology—The trivial name is the Greek word, exophthalmops, meaning
bulging or protruding eyes in reference to the extremely large, circular eyes
exhibited by the holotype specimen. The gender is female.

Types—The holotype, USNM 536328, was collected in a roadcut along
Wyoming Highway 270, SW corner, SW¥%, sec. 34, T36N, R63W, Telephone
Draw 7.5 minute Quadrangle, near Redbird, Niobrara County, Wyoming. The
paratype, USNM 536329, was collected from NE corner, sec. 2, TI3N, R55E,
Upper Magpie Reservoir 7.5 minute Quadrangle, Dawson County, Montana.
The specimens are deposited in the U.S. National Museum of Natural History,
Washington, DC. A third specimen, which is incompletely preserved, lacking
the front and orbits, may be referable to the species, as well. This specimen,
USNM 536330, was collected from USGS Locality 22972, in the Bearpaw
Shale 20 miles southwest from Mingusville (now Wibaux), Montana. It was
tentatively identified as ?Prosopon sp., presumably by M. J. Rathbun. Al-
though the specimen is definitely assigned to Ekalakia, the species identifi-
cation is tentative and, therefore, it should not be considered as part of the
type series.

Occurrence—Both type specimens were collected from the Late Creta-
ceous Pierre Shale. The holotype was collected from a silty limestone con-
cretion within massive to finely laminated gray-brown mudstone and shale,
bearing local ironstone and sparse phosphatic nodules. The sequence lies with-
in the Western Interior Ammonite Taxon Range Zone of Baculites grandis,
which is early Maastrichtian in age. Baculites grandis has a range of 70 *
0.45 Ma (Cobban et al., 2006, Fig. 1). The stratigraphic details of the paratype
are not known.

Discussion—Bishop (1976, p. 400) described Ekalakia lam-
berti, based upon two specimens collected from two different lo-
cations in southeastern Montana (Fig. 2.4-2.5). Subsequently,

1033

Tucker et al. (1987) noted the occurrence of two additional spec-
imens of the species (Fig. 2.6-2.9) from two localities in south-
western North Dakota, quite near the localities from which the
types were collected. The type material is completely decorticated
and, as noted by Bishop (1976, p. 400), the surfaces of the spec-
imens are severely scratched, ruling out the possibility of deter-
mining surface ornamentation. Further the fronts of both speci-
mens are missing. Comparison of the type specimens to the two
specimens collected from North Dakota supports the decision that
they are conspecific. Again, the fronts of the specimens are miss-
ing but the comparison of the conformation of carapace grooves
and development of regions is similar enough to warrant assigning
the North Dakota specimens to E. lamberti. These specimens are
somewhat better preserved and exhibit a finely granular surface
sculpture.

The two specimens herein assigned to Ekalakia exophthalmops
differ from E. lamberti in several significant ways that justify erect-
ing a new species. The type species exhibits a more ovoid outline,
has parallel, arcuate cervical and branchiocardiac grooves, bears a
more inflated hepatic region, and has a very subdued branchial swell-
ing on the mesobranchial region. In contrast, E. exophthalmops has
a more quadrate outline, a cervical groove that is comprised of two
straight elements converging on the midline at a more acute angle
than the branchiocardiac groove, a more subtle hepatic region, and
more prominent branchial swellings.

SUPRAGENERIC REASSIGNMENT

Presence of the front and orbital regions on both species of
Ekalakia permits reassessment of the suprageneric placement of
the genus. Bishop assigned the genus to the family Prosopidae
von Meyer, 1860, which was consistent with the view of the prim-
itive crabs at the time (Glaessner, 1969). Ekalakia is the first of
the taxa previously assigned to the Prosopidae (sensu Glaessner,
1969) to have eyes preserved. This is significant because it per-
mits, for the first time, describing the form of the eye in relation
to the orbital structures. Recent re-examination of the Jurassic
representatives of the Prosopidae (sensu Glaessner, 1969) has re-
sulted in major revision of the group (Feldmann et al., 2006;
Schweitzer et al., 2007; Schweitzer and Feldmann, 2008a [imprint
2007]; Schweitzer and Feldmann, 2008b). Several of the mor-
phological features that were significant in the re-classification
were related to the form of the rostrum and the configuration of
the orbits and accessory orbital features. One of the genera that
was removed from the Prosopidae and assigned to a different
superfamily and family was Glaessneropsis Patrulius, 1959. The
Glaessneropsidae exhibit a broad, downturned, often sulcate ros-
trum bounded laterally by swellings (Fig. 1.3). The eyes arise
from beneath the rostrum and lie within well-developed orbital
rims. Because of the incomplete preservation of the orbital region,
the swellings along the margin of the rostrum that are seen on
specimens of Glaessneropsis were not interpreted as being part
of the orbital rim. Presence of nearly complete rims enclosing the
eyes on the holotype of E. exophthalmops now makes it possible
to understand the nature of the morphology of that area and to
ally Ekalakia with Glaessneropsis.

FUNCTIONAL MORPHOLOGY OF THE EYES

The orbital morphology is particularly significant. In contrast
to most of the decapods that have traditionally been assigned to
the Prosopidae s.1., the Glaessneropsidae are characterized by lim-
ited development of protective structures for the eyes. Most of
the “prosopid” decapods other than the Glaessneropsidae have
deep eye sockets into which the eyes can be retracted or some
kind of augenrest surrounded at least partially by spines or nodes.
In contrast, the eyes exhibited by Ekalakia spp. are extremely
large and are exposed over a majority of their surface. Their po-
sition adjacent to the rostrum and surrounded on two sides by an
orbital rim indicates that they would be exposed at all times; there
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is no means by which the eyes could retract in times of stress.
Although eyes have not been observed on the Jurassic members
of the family, the similarity of rostrum shape, development of a
similar orbital rim, and lack of protective structures strongly sup-
ports the conclusion that the eyes of Jurassic glaessneropsids were
similar to those of Ekalakia.

Research on the structure and function of compound eyes in
arthropods is voluminous; however, relatively little has been de-
voted specifically to eyes in brachyurans. Land (1984) described
the compound eyes of the brachyurans that were then known to
be of the apposition type. Apposition compound eyes are those
in which each lens forms an independent image (Land, 1984).
Subsequent and more comprehensive work on eye structure in the
decapods (Gaten, 1998) demonstrated that only the more derived
brachyurans exhibited apposition eyes and that the primitive, po-
dotreme, crabs as well as many heterotremes were characterized
by superposition compound eyes. Superposition compound eyes
are those in which several lenses focus to form a single image
(Land, 1984). Ekalakia, within the Glaessneropsidae, lies near the
basal brachyuran stock and is likely a podotreme. Because dis-
crete facets are not visible on the known specimens of Ekalakia,
it is not possible to be more precise in the definition of the eye
structure. Furthermore, the distinction between apposition and su-
perposition eyes cannot be determined by an examination of the
facets so that it may never be possible to determine the true nature
of the eyes in fossils except by analogy with extant descendants.
Thus, it is likely that Eklalakia had superposition compound eyes.

Several studies do bear directly on the interpretation of the size
of eyes in Ekalakia. Hiller-Adams and Case (1985) observed that
eye size increases with increased depth and that in superposition
compound eyes, the larger the eye, the more sensitive it is. Hiller-
Adams and Case (1985) demonstrated that not only do deep-water
taxa have larger eyes than their shallow-water relatives, the
growth rate of eye diameter, relative to body growth, increased
with depth. Land (1999) noted that superposition eyes can be
2-3 times as sensitive to light as apposition eyes. This combi-
nation of observations regarding the relationship between eye size
and sensitivity coupled with the probable possession of superpo-
sition compound eyes with their greater sensitivity leads to the
conclusion that Ekalakia was adapted to an environment charac-
terized by low light levels.

The lack of protective structures for the eyes, the very large
size of the eyes relative to the body size of the crab, and the small
size of the crabs, support the notion that representatives of the
family were adapted to cryptic habitats where they could seek
shelter in times of stress and forage successfully under limited
light conditions. The Jurassic representatives of the family are
preserved in reefal rocks, and the tiny size of the organisms would
be ideal for hiding within reentrants in the reefs. Feeding might
have been limited to night time when the large eyes would serve
them well. Although Ekalakia spp. probably inhabited level-bot-
tom rather than reef communities, it is possible that the eyes were
pre-adapted for this lifestyle. The Pierre Shale was deposited in
offshore, moderately deep settings, below wave base, and it is
possible that the small size would, again, be suited for seeking
shelter under mollusk shells or in other available nooks. The small
size would also make the crab light-weight which would permit
it to forage on a soft substrate. The large eyes would serve the
animal under dysphotic conditions and during nocturnal foraging.

PALEOGEOGRAPHY

Placement of Ekalakia within the Glaessneropsidae significantly
extends the geographic and geological range of the family. Previ-
ously, all representatives of the family have been described from
central and southern Europe, in rocks of Jurassic age (Schweitzer
and Feldmann, accepted). The occurrence of Ekalakia in Campanian
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to Maastrichtian rocks of the midcontinent of North America sug-
gests that further collecting in rocks spanning that time interval may
yield more material and elucidate the dispersal pathway. One might
tentatively suggest a Tethyan dispersal route owing to the occurrence
of the Jurassic forms in reefal carbonate rocks. It is also important
to note that the North American occurrences of Ekalakia occur in
fine-grained siliciclastic sediments, rather than carbonate rocks. This
may suggest that representatives of the family may have radiated
from warm water, cryptic reefal habitats to temperate water, level
bottom communities below wave base.
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