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ABSTRACT—New portunoid fossils from southern Argentina and from the west coast of North America permit the reevaluation of the
generic and family relationships within the Portunoidea Rafinesque, 1815. It has previously been suggested that the Portunidae and the
Geryonidae Colosi, 1923, are closely related families (Manning and Holthuis, 1989). The new fossils suggest that the Geryonidae may
in fact be derived from a portunid progenitor, Proterocarcinus Feldmann, Casadfo, Chirino-Gdlvez, and Aguirre Urreta, 1995, through
a process of peramorphosis in which juveniles of the geryonid species Chaceon peruvianus (d’Orbigny, 1842) resemble adults of
Proterocarcinus latus (Glaessner, 1933). Examination of several genera within the portunid subfamily Polybiinaec Ortmann, 1893,
including Imaizumila Karasawa, 1993; Megokkos new genus; Minohellenus Karasawa, 1990; Pororaria Glaessner, 1980; Portunites
Bell, 1858; and Proterocarcinus, suggests that the subfamily had an amphitropical distribution early in its history. New taxa reported
here include Megokkos new genus and Portunites nodosus new species. New combinations include Chaceon peruvianus (d’Orbigny,
1842), Imaizumila araucana (Philippi, 1887), Megokkos alaskensis (Rathbun, 1926), Megokkos hexagonalis (Nagao, 1932), Megokkos
macrospinus (Schweitzer, Feldmann, Tucker, and Berglund, 2000), Minohellenus triangulum (Rathbun, 1926), and Proterocarcinus latus

(Glaessner, 1933).

INTRODUCTION

NEW PORTUNOID fossils from the west coast of North America

and southern Argentina permit the re-evaluation of generic
and family relationships within the Portunoidea Rafinesque, em-
bracing the families Portunidae Rafinesque, 1815, Geryonidae
Colosi, 1923, and Carcineretidae Beurlen, 1930. Based upon lar-
val studies, Rice (1980) suggested that the Polybiinae Ortmann,
1893 was most likely the ancestral subfamily within the Portun-
idae. The earliest known authentic portunid is in fact a member
of the Polybiinae and is known from Danian rocks of Argentina;
Proterocarcinus lophos Feldmann, Casadio, Chirino-Gélvez,
and Aguirre Urreta, 1995 was described from the Danian Roca
Formation (Feldmann et al., 1995). Two species of this genus
are now known with the referral herein of Archaeogeryon latus
Glaessner, 1933, to that genus, suggesting that the Portunidae,
subfamily Polybiinae, arose in the southern hemisphere as early
as the early Paleocene. Feldmann et al. (1995) did not assign
Proterocarcinus to a subfamily; however, the new specimens of
P. latus possess paddle-like propodi and dactyli of the fifth pe-
reiopods (Fig. 8.2), which were not known either in the types
of that species or in P. lophos. This makes it possible to assign
the genus to the Polybiinae. The oldest known member of the
Geryonidae, Chaceon peruvianus (d’Orbigny, 1842), also occurs
in southern Argentina, in middle Eocene rocks of the Centinela
Formation. This species was previously thought to be Miocene
in age, but recent work indicates a middle Eocene age for these
rocks (Casadio, Feldmann and Foland, in press). Therefore, it
seems probable that the Geryonidae also evolved in the southern
hemisphere.

Manning and Holthuis (1989) demonstrated that the Geryon-
idae and Portunidae were closely related based upon external
morphology, and their position is supported by serological and
larval studies (Leone, 1949, 1951; Ingle, 1979; Rice, 1980). Re-
cently collected fossils from southern Argentina indicate that the
Geryonidae, specifically Chaceon Manning and Holthuis, 1989,
may in fact be derived from the Portunidae and that the possible
progenitor is Proterocarcinus within the Portunidae. Compelling

evidence for evolution via peramorphosis within the genera Pro-
terocarcinus and Chaceon is provided by a suite of newly col-
lected, well-preserved specimens of Proterocarcinus latus and
C. peruvianus from southern Argentina, in which juvenile in-
dividuals of C. peruvianus exhibit characters of adult Protero-
carcinus latus found at the same localities.

Furthermore, there is strong morphological similarity among
Proterocarcinus, known only from Argentina, and four portunid
genera, Imaizumila Karasawa, 1993, Megokkos n. gen., Minoh-
ellenus, Karasawa, 1990, and Portunites Bell, 1858, known from
middle to high northern and southern latitudes. All of these taxa
are referrable to the Polybiinae Ortmann, which suggests that
the subfamily, and thus the family, had an amphitropical distri-
bution early in its history.

Re-examination of all species assigned to the portunid genus
Portunites indicates that the genus may be rearranged into three
genera, Portunites sensu stricto, Megokkos n. gen., and Minoh-
ellenus. The generic diagnosis of Portunites s.s. is therefore re-
stricted accordingly. The two genera, Megokkos n. gen. and Mi-
nohellenus, both exhibit a North Pacific distribution pattern,
while Portunites is recognized from both the North Pacific and
North Atlantic basins. The new genus, Megokkos, and a new
species, Portunites nodosus, resulted from the reevaluation of
fossil material previously assigned to Portunites and examina-
tion of new material from Washington, USA. The extinct genus
Imaizumila Karasawa now appears to have had an amphitropical
distribution based upon the reassignment of Portunites araucana
(Philippi, 1887) from Chile to that genus; Imaizumila was pre-
viously known only from Japan (Karasawa, 1993).

The Carcineretidae Beurlen, 1930, is restricted to the Creta-
ceous and is distributed in localities that were likely tropical to
subtropical (Fraaye, 1996; Vega et al., 1997). The new fossils
suggest a southern hemisphere origin for both the Portunidae
and the Geryonidae. An amphitropical distribution of the Por-
tunidae is documented early in its history. The occurrence of the
Carcineretidae in primarily tropical latitudes suggests that the
Portunoidea may have arisen in the tropics and subsequently
dispersed from those locales to temperate regions in the southern
hemisphere.
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INSTITUTIONAL ABBREVIATIONS

In., L The Natural History Museum, London, England;
numbers without prefixes are also deposited in
The Natural History Museum

M Carnegie Museum of Natural History,
Pittsburgh, PA

GHUNLPam Geological Museum, Universidad Nacional de
La Pampa, Santa Rosa, La Pampa, Argentina

KMNH Kitakyushu Museum of Natural History,
Kitakyushu, Japan

MFM Mizunami Fossil Museum, Mizunami, Japan

P Hatcher Collection, Princeton University, to be
deposited in the United States National Museum
of Natural History

SM Sedgwick Museum, Cambridge University,
Cambridge, England

UHR Department of Geology and Mineralogy,
Hokkaido University, Sapporo, Japan

USNM United States National Museum of Natural

History

SYSTEMATIC PALEONTOLOGY

Superfamily PORTUNOIDEA Rafinesque, 1815
Family PorTUNIDAE Rafinesque, 1815
Subfamily POLYBIINAE Ortmann, 1893

Discussion.—Members of the Polybiinae are diagnosed by
possession of a narrow carapace, three to five anterolateral
spines, possession of some walking legs as long as the first pe-
reiopods, and paddle-like fifth pereiopods (Glaessner, 1969). The
four genera Portunites, Imaizumila, Megokkos n. gen., and Mi-
nohellenus are placed within the Polybiinae. Placement of Por-
tunites sensu stricto within a subfamily is difficult, because none
of the included species has preserved fifth pereiopods. Glaessner
(1969) and Tucker and Feldmann (1990) placed Portunites with-
in the Carcininae Macleay, 1838, based upon carapace shape
and the number of anterolateral spines. Schweitzer and Feld-
mann (1999) and Schweitzer et al. (2000) placed Portunites
within the Polybiinae based on their judgement that Portunites
alaskensis Rathbun, 1926, which exhibits paddle-like dactyls on
the fifth pereiopods, was an authentic member of the genus.
Portunites alaskensis is removed to Megokkos n. gen. to be dis-
cussed below and another species of Megokkos, Megokkos ma-
crospinus (Schweitzer, Feldmann, Tucker, and Berglund, 2000)
also exhibits paddle-like dactyls of the fifth pereiopod. Minoh-
ellenus, another portunid genus to be discussed below, exhibits
paddle-like dactyls on the fifth pereiopods. Imaizumila, with the
referral of Portunites araucanus to that genus, is also placed
within the Polybiinae based upon possession of a paddle-like
fifth pereiopod. Philippi (1887) reported that the fifth pereiopod
of this species was lanceolate in shape; however, examination
of photographs of specimen SGO.PI-012.860, housed at the Mu-
seo Nacional de Historia Natural, Seccién Paleontologia, Santi-
ago, Chile, indicates that the fifth pereiopod has a paddle-like
dactyl, permitting placement within the Polybiinae. The mor-
phological similarity between Portunites, Megokkos n. gen., Mi-
nohellenus, and Imaizumila makes it likely that these four genera
are especially closely related. Therefore, it is possible to refer
Portunites to the Polybiinae, at least until evidence to the con-
trary is discovered. Proterocarcinus is here referred to the Po-
lybiinae because it possesses paddle-like propodi and dactyli on
the fifth pereiopods.

Genus PORTUNITES sensu stricto Bell, 1858

Type species.—Portunites incerta Bell, 1858, by original des-
ignation.
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Included species.—Portunites eocenica Lérenthey in Léren-
they and Beurlen, 1929 (type is lost, Quayle and Collins, 1981);
P. incerta Bell, 1858; P. insculpta Rathbun, 1926; P. kattachien-
sis Karasawa, 1992; P. nodosus new species; P. stintoni Quayle,
1984; P. sylviae Quayle and Collins, 1981.

Diagnosis.—Carapace wider than long, L/W about 0.61-0.76,
usually widest at position of last anterolateral spine; ovate-hex-
agonal in shape; carapace regions inflated, well-defined, delim-
ited by broad grooves. Front not projected beyond orbits, with
six lobes or small, blunt spines including the inner orbital spines.
Orbits circular, two supra-orbital fissures, fronto-orbital width
ranging from 50 to 71 percent maximum carapace width. An-
terolateral margin convex, five spines including outer-orbital
spine, second spine smallest and sometimes missing, last spine
usually longest, outer-orbital spine directed forward, other an-
terolateral spines directed anterolaterally. Epibranchial region ar-
cuate, extending axially from fifth anterolateral spine, terminat-
ing in broadly swollen tubercle. Branchial region with longitu-
dinal ridge parallel to, and on either side of, the longitudinal
axis of the cardiac region, ridge usually with tubercles at either
end.

Material examined.—Portunites incerta, 59103, 59104 (lec-
totype), 35229, In.63046, In.43908, SM C19345-6. Portunites
insculpta, USNM 353347 (holotype). Portunites kattachiensis,
KMNH IVP 300,016 (holotype). Portunites stintoni, 59105 (ho-
lotype), 35230, 59102B, 59103A, C, In.63048. Portunites syl-
viae, In.61713 (holotype), SM C84874.

Discussion.—Numerous taxa have been assigned to Portuni-
tes sensu lato since the genus was erected by Bell (1858) to
accommodate Eocene fossils from Britain. Taxa assigned to Por-
tunites have typically possessed an arcuate epibranchial ridge
and four to five spines on the anterolateral margin. The genus
is herein restricted to those species possessing four blunt frontal
spines, a fronto-orbital width to total width ratio of 0.50-0.71;
four to five anterolateral spines, arcuate epigastric ridges, lon-
gitudinal ridges on the branchial regions, and well-defined car-
apace regions. Schweitzer and Feldmann (1999) provided an
overview of the history of the genus and suggested that P. alas-
kensis Rathbun and P. hexagonalis Nagao might be better placed
in a separate genus. Those two species along with P. macros-
pinus Schweitzer et al. (2000) have been referred to Megokkos
(as discussed below). Subsequently, Schweitzer et al. (2000)
suggested that P. triangulum be removed from the genus, and
that species is herein placed within Minohellenus.

Schweitzer and Feldmann (1999) also removed P. subovata
Quayle and Collins, 1981 from Portunites based upon its lack
of a diagnostic epibranchial ridge. Examination of the holotype
of P. subovata (In.61715) suggests that it is most likely a mem-
ber of the Cheiragonidae Ortmann, 1893 and might possibly be
referrable to the genus Montezumella Rathbun, 1930b. The spe-
cies has a granular carapace that is almost as long as wide, and
the overall shape of the carapace regions is similar to Monte-
zumella spp. In fact, Quayle and Collins (1981) reported a spe-
cies of Montezumella, M. scabra Quayle and Collins, 1981, from
the same locality as P. subovata, suggesting that the two species
may be synonymous.

The diagnostic characters for Portunites are based upon the
seven species herein assigned to the genus; all display these
characters where preserved. Portunites insculpta and P. katta-
chiensis are especially similar to one another and differ from the
other species of Portunites in several regards. The anterolateral
spines of these two species are larger and better developed than
are those of other species of Portunites. The epibranchial ridge
is less distinct on P. insculpta and P. kattachiensis than on the
other species, and the fronto-orbital width to total width ratio
for those two species averages about 50 percent. In the other
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FIGURE [—Portunites nodosus n. sp., view of dorsal carapace of holo-
type, USNM 507811. Scale bar equal to | cm.

species, that ratio is greater than 66 percent. However, these
differences are considered to be specific at this time and do not
warrant removal of these taxa from the genus until more and
better preserved material is recovered.

Portunites is an extinct genus known only from Eocene rocks.
Portunites incerta and P. stintoni have been reported from the
early Eocene of England and P. sylviae from the middle Eocene.
Portunites eocenica is known from Eocene rocks of Hungary
and P. insculpta and P. kattachiensis are known from middle
Eocene rocks of Oregon and Japan respectively. Portunites no-
dosus n. sp. is herein reported from late Eocene rocks of Wash-
ington. These occurrences suggest two possible dispersal routes
for the genus. The genus appears to have arisen in Europe during
the early Eocene. It may have subsequently dispersed to North
America across the Atlantic Ocean and through the Straits of
Panama, a dispersal mechanism suggested for several other
decapod taxa (Feldmann et al., 1998; Schweitzer and Feldmann,
2000; Schweitzer and Salva, 2000). The genus then could have
reached Japan via ocean currents. Alternatively, the genus may
have dispersed eastward to Japan via the Tethys and then to
North America via ocean currents; Karasawa (1992) suggested
a Tethyan distribution for Portunites. Regardless, the genus has
been reported only from northern, temperate areas which seems
to have been its climatic preference.

PORTUNITES NODOSUS new species
Figures 1, 2

Diagnosis.—Carapace wider than long, ovate-hexagonal; in-
ner orbital spines triangular; orbits quadrate, directed forward;
anterolateral margins with five spines including outer orbital
spines; epibranchial region arcuate, with two large tubercles;
branchial regions with weak, longitudinal ridges; posterolateral
margins concave; posterior corner with well-developed reen-
trant.

Description.—Carapace wider than long, hexagonal in shape;
L/W = 0.76, position of maximum carapace width positioned
about one-third the distance posteriorly on the carapace; cara-
pace regions moderately well-defined; carapace moderately
vaulted transversely, highly vaulted longitudinally.

Front broken, wider than an orbit, occupying about 24 percent
maximum carapace width; inner orbital spines triangular; front
produced slightly beyond orbits. Orbits broad, orbital width 21
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FIGURE 2—Line drawing of Portunites nodosus n. sp. illustrating the
position and orientation of measurements taken.

percent maximum carapace width; orbits quadrate in shape; di-
rected forward; rimmed; with two fissures; margin somewhat
sinuous; outer orbital spine long, triangular, directed forward;
fronto-orbital width occupying 66 percent maximum carapace
width. Anterolateral margin weakly convex; with five spines in-
cluding outer orbital spine; second spine smallest, triangular, di-
rected weakly anterolaterally; third spine larger than second,
sharp, triangular, directed weakly anterolaterally; fourth and fifth
about equal in size, larger than second and third spines, trian-
gular; fourth spine directed weakly anterolaterally; fifth spine
directed laterally. Posterolateral margin concave, first converg-
ing posteriorly and then diverging posteriorly; with weak gran-
ular rim; broad reentrant at posterolateral corner, reentrants con-
verging posteriorly, weakly concave, rimmed. Posterior margin
nearly straight, posterior width occupying 39 percent maximum
carapace width.

Epigastric region spherical, inflated. Protogastric region in-
flated, lateral margins convex, anterior margin nearly straight,
paralleling orbital rim, posterior margin strongly convex. Me-
sogastric region narrow anteriorly and widened posteriorly, mar-
gins of anterior process weakly concave, sulcate between epi-
gastric regions, rest of process weakly inflated; posterior portion
of region subovate and strongly inflated posteriorly. Urogastric
region laterally constricted, poorly defined, depressed. Cardiac
region inflated, rounded triangular in shape, apex directed pos-
teriorly, most inflated anteriorly. Intestinal region flattened, not
well differentiated.

Hepatic region inflated longitudinally, forming weak ridge
paralleling epibranchial ridge. Epibranchial region forming ar-
cuate ridge extending from fifth anterolateral spine to cardiac
region, ornamented with two large tubercles on ridge and ter-
minating just anterior to smaller tubercle. Mesobranchial and
metabranchial regions not differentiated, branchial region orna-
mented with one large tubercle medially, weak ridge extending
from tubercle to posterolateral reentrant parallel to long axis of
cardiac region, remainder of region gently sloping to postero-
lateral and posterior margins.

Venter unknown.
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TABLE /—Measurements (in mm) taken on the dorsal carapace of Portunites
nodosus n. sp. W1 = maximum width of the dorsal carapace; W2 = width
of front, W3 = fronto-orbital width, W4 = orbital width, W5 = posterior
width; L1 = maximum length of carapace.

Specimen number W1 w2 W3 w4 W5 L1
USNM 507811 16.0 39 10.5 34 6.3 12.1
USNM 507812 18.4 — 10.4 — 6.5 > 13.0

Appendages insufficiently preserved to permit description.

Etymology.—The trivial name is taken from the large nodes
on the epibranchial and branchial which are unique to the spe-
cies.

Types.—The holotype, USNM 507811 and paratype, USNM
507812, are deposited in the United States National Museum of
Natural History, Smithsonian Institution, Washington, DC.

Measurements.—Measurements taken on the dorsal carapace
of specimens of Portunites nodosus n. sp. are presented in Table
1. Position and orientation of measurements taken are illustrated
in Figure 2.

Occurrence.—The two specimens were collected from the
Eocene Hoko River Formation at locality RB32 of Ross E. Ber-
glund, Bainbridge Island, WA, located in the SW%4, NW4, sec.
4, T33N, R15W, Cape Flattery Quadrangle, Clallam County,
Washington, 7.5 minute series, near Neah Bay, Olympic Pen-
insula, Washington.

Discussion.—Portunites nodosus n. sp. is assigned to Portun-
ites s.s. based upon possession of a fronto-orbital width to total
width ratio of 0.66; five anterolateral spines including the outer-
orbital spine; longitudinal ridges on the branchial region; an ar-
cuate epibranchial region; and well-developed carapace regions.
The new species differs from all other species in the genus in
possessing well-developed nodes on the epibranchial and bran-
chial ridges. It also has somewhat smaller, narrower, and less
well-produced spines than other members of the genus. Portun-
ites incerta has more rounded, blunt anterolateral spines and
better developed ridges and regions than does P. nodosus. Por-
tunites stintoni has a much more distinct epibranchial ridge and
narrower axial regions than does P. nodosus. Portunites sylviae
has broader and more produced anterolateral spines and much
better developed carapace regions than does P. nodosus. Por-
tunites nodosus differs from P. insculpta because P. insculpta
has much better defined regions and larger, more produced an-
terolateral spines. Portunites kattachiensis has much larger an-
terolateral spines and much better defined axial regions than
does P. nodosus.

The recognition of Portunites nodosus from late Eocene rocks
of Washington extends both the geographic and geologic range
of the genus in North America, having been previously reported
from middle Eocene rocks of Oregon (Rathbun, 1926). It also
extends the geologic range of the genus to the late Eocene, hav-
ing previously been reported from the early and middle Eocene.

Genus IMaIZUMILA Karasawa, 1993
Imaizumila KArRasawa, 1993, p. 52, pl. 11, figs. 1-3; KARASAWA,
1997, p. 48, pl. 11, figs. 8, 12.
Cancer Linnaeus. PHILIPPI, 1887, p. 214, pl. 50, fig. 2.
Portunites Bell. GLAESSNER, 1960, p. 30.

Type species.—Imaizumila sexdentata Karasawa, 1993.

Other species.—Imaizumila araucana (Philippi, 1887, as
Cancer).

Diagnosis.—Carapace wider than long, L/W about 0.68, car-
apace widest at position of last anterolateral spine; carapace re-
gions well-defined, carapace vaulted longitudinally. Frontal mar-
gin with six triangular, well-developed spines including inner-
orbital spines; fronto-orbital width to width ratio about 0.48;
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orbits with two deep fissures. Anterolateral margin with five
spines including outer-orbital spine; first four spines triangular,
directed forward; last anterolateral spine slender, directed later-
ally. Protogastric region inflated, hepatic region weakly inflated.
Axial regions delimited by deep grooves. Epibranchial ridge ex-
tending from last anterolateral spine, terminating near urogastric
region. Mesobranchial and metabranchial regions not well-dif-
ferentiated; branchial region with low ridge parallel to epibran-
chial ridge. Posterolateral margin weakly concave, posterior
margin weakly convex.

Material examined.—Imaizumila sexdentata, MFM218507
(holotype). Specimens of I. araucana are given for the species.

Discussion.—Karasawa (1993) recognized Imaizumila se-
xdentata as a new genus and species from early Oligocene rocks
of Japan. The genus is distinct from the other portunid genera
discussed here. Species assigned to Imaizumila differ from mem-
bers of Portunites s.s. because they have a much more inflated
carapace and better developed frontal spines than Portunites s.s.
and they lack the longitudinal branchial ridges diagnostic of spe-
cies of Portunites s.s. Individuals of Imaizumila differ from
those of Megokkos n. gen. to be described below because mem-
bers of Megokkos have transverse ridges on the protogastric and
hepatic regions, and species of Imaizumila have a more inflated
carapace and more and better developed frontal spines. Members
of Megokkos also have wider and more deeply excavated orbits
than do species of Imaizumila and a broader fronto-orbital width
to width ratio than do members of Imaizumila. Species of Imai-
zumila differ from members of Minohellenus because the cara-
pace of species of Imaizumila is more inflated and the carapace
regions are better developed than in species of Minohellenus.
Additionally, species of Imaizumila have a low ridge on the
branchial region parallel to the epibranchial ridge which mem-
bers of Minohellenus lack. Finally, species of Imaizumila differ
from those of Proterocarcinus because members of Proterocar-
cinus have extremely broad orbits and fronto-orbital widths that
occupy almost the entire width of the carapace.

Philippi (1887) originally described Cancer araucanus from
southern Chile. That taxon was subsequently placed within Por-
tunites by Glaessner (1960). Quayle (1984) doubted the place-
ment of the species within Portunites; this evaluation was ech-
oed by Schweitzer and Feldmann (1999) who suggested that the
species should be removed from Portunites. They further sug-
gested that the species compared favorably with Imaizumila. Ex-
amination of material referred to Portunites araucanus indicates
that it does in fact share numerous characteristics with Imaizum-
ila and should be referred to that genus. Portunites araucanus
exhibits all of the diagnostic characters listed above for the ge-
nus and is therefore referred to the genus with confidence.

Recognition of a species of Imaizumila from Chile greatly’
expands the geographic range of the genus, previously known
only from the Oligocene of Japan. The Chilean material has been
reported from Eocene and Miocene rocks (Chirino-Galvez,
1993); however, the age of those localities is not well-con-
strained. It is difficult, therefore, to speculate on the evolutionary
history of the genus, but it is clear that its known distribution is
amphitropical. Discovery of more fossil material will be nec-
essary to fully evaluate the evolutionary and biogeographic his-
tory of the genus. Because the earliest known member of the
subfamily Polybiinae, to which the genus is referred, is from the
Danian of southern Argentina, it may be suggested that the ge-
nus evolved in the middle southern latitudes and subsequently
dispersed northward to the North Pacific Ocean.

IMAIZUMILA ARAUCANA (Philippi, 1887) new combination
Figures 3, 4
Cancer araucanus PHILIPPL, 1887, p. 214, pl. 50, fig. 2.; TAVERA, 1942,
p. 594; FERUGLIO, 1949, p. 239; HOFFSTETTER ET AL., 1957, p. 225;
ILLIES, 1960, p. 52.



FIGURE 3—Imaizumila araucana, USNM 496556, dorsal carapace. Scale
bar equal to | cm.

Portunites araucanus (Philippi, 1887). GLAESSNER, 1960, p. 30; Quay-
LE, 1984, p. 176.

Diagnosis.—Carapace wider than long, L/W about (.68, car-
apace widest at position of last anterolateral spine; carapace
vaulted transversely and longitudinally, carapace regions mod-
erately well-defined. Frontal margin with six spines including
inner-orbital spines, front about 24 percent maximum carapace
width; fronto-orbital width about 48 percent maximum carapace
width, orbits with two deep fissures. Anterolateral margins with
five spines including outer-orbital spines; first four spines tri-
angular, directed forward; last anterolateral spine slender, di-
rected anterolaterally. Epibranchial region an arcuate ridge, ex-
tending axially from base of last anterolateral spine. Branchial
region with low ridge paralleling epibranchial ridge.

Description.—"*Carapace broadly oval, broader than long,
subequal and globose in shape, margin of rostrum hexadentate,
two median teeth more enlarged than the others; Anterolateral
margins pentadentate with large acute teeth, with the last one
bent slightly upward. Urogastric, cardiac, branchial, and hepatic
regions inflated; two tiny tubercles located transversely across
urogastric region placed widely apart; two others located on both
sides of branchial region, and two larger, but less prominent
tubercles lie on either side of hepatic region; Gastric region
slopes steeply toward rostrum’ (Translated from Latin and mod-
ified from Philippi, 1887, by L. Chirino-Galvez, 1993, p. 136).
Chirino-Gélvez (1993) also noted that, “Philippi added, in Ger-
man and Spanish, remarks that the posterolateral spines or teeth
of this species were situated a little behind the midline. The
anterior spines reached almost to the same height as the large
frontal spines. The claws were strong. The entire hand has a
length of 25 mm and a width of 12.5 mm, the fixed finger which
was 12 mm long, was smooth and exhibited tubercles on the
dorsal keel or angle. The surface of the carapace was densely
granulose. One specimen showed the last leg, whose dactylus
was lanceolate” (Chirino-Galvez, 1993, p. 136-137).

Emendation to description—Carapace ovate, wider than long,
L/W about 0.68, carapace widest at position of last anterolateral
spine. Frontal width about 24 percent maximum carapace width.
Orbits with two long fissures, fronto-orbital width to width ratio
about 0.48. First four anterolateral spines broadly triangular, tips

JOURNAL OF PALEONTOLOGY, V. 74, NO. 4, 2000

FIGURE 4—Line drawing of Imaizumila araucana.

directed forward; last anterolateral spine slender, attenuated, di-
rected laterally, Posterolateral margin entire, weakly concave;
posterior margin weakly convex, posterior width about 26 per-
cent maximum carapace width, Epibranchial region arcuate, in-
flated, extending axially from base of last anterolateral spine.
Meso- and metabranchial regions not differentiated, branchial
region with weak ridge parallel to epibranchial ridge.

Material examined—USNM 496556 was examined and il-
lustrated for this report.

Occurrence.—Chirino-Gdlvez (1993) reported that the species
was recovered from localities surrounding the town of Lebu,
Arauco Province, Bio-Bio Region, Chile, in the Boca Lebu For-
mation of early Eocene age and the Miocene Ranquil Formation.
Other localities include a site near Valdivia in the Santo Domin-
go Formation and in Miocene siltstone of Ancud, Chiloé Island
(Chirino-Gaélvez, 1993).

Discussion.—Imaizumila araucana was described by Philippi
(1887) from Tertiary rocks of Chile, and a translation of his
description is provided here as well as some emendations. Jmai-
zumila araucana can be differentiated from Imaizumila sexden-
tata because the frontal spines on I. sexdentata are broadly tri-
angular in shape, while those of I. araucana are narrow. The
carapace regions and the epibranchial ridge of 1. sexdentata are
better developed than those of I. araucana. Imaizumila sexden-
tata appears to have a better developed posterolateral reentrant
than does I. araucana.

Genus MEGOKKOS new genus
Portunites Bell, 1858 (part). RATHBUN, 1926 (part), p. 72, pl. 18, figs.
3-4, pl. 22, fig. 3: NacGao, 1932, p. 15, pl. IV, figs. 3, 14; MUSTOE,
1983, p. 987, fig. 1; TUCKER AND FELDMANN, 1990, p. 414, fig. 5;
ANSFIELD, 1998, p. 10, pl. 1.12; SCHWEITZER, FELDMANN, TUCKER,
AND BERGLUND, 2000.

Type species.—Portunites alaskensis Rathbun, 1926.

Included species.—Megokkos alaskensis (Rathbun, 1926, as
Portunites); M. hexagonalis (Nagao, 1932, as Portunites); M.
macrospinus (Schweitzer, Feldmann, Tucker, and Berglund,
2000, as Portunites).

Diagnosis.—Carapace wider than long, hexagonal, L/W about
65 percent; regions moderately defined by shallow grooves.
Front straight with four blunt protuberences. Orbits very wide,
deeply excavated, sometimes with small orbital tooth and notch,
two orbital fissures, one of which is continuous with notch if
present; fronto-orbital width/width ratio about 67-74 percent.
Anterolateral margin short, bearing four or five spines including
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outer-orbital spine, last spine usually longest. Protogastric and
hepatic regions with transverse ridges. Epibranchial region ar-
cuate, extending axially from last anterolateral spine. Branchial
regions weakly inflated. Posterolateral reentrant wide, well-de-
veloped. Chelae heterochelous, stout, fingers with large blunt
denticles on occlusal surface. Dactyl of fifth pereipod paddle-
like.

Etymology.—Greek roots mega, “‘large,” and okkos, “eye,”
refer to the broad and deeply excavated orbits of members of
the genus. The gender is masculine.

Material examined.—Megokkos alaskensis, USNM 354169
(paratype), 431258-62. M. hexagonalis, UHR 4456 (holotype),
Department of Geology and Mineralogy, Hokkaido University,
Sapporo, Japan. Specimens of M. macrospinus are given for the
species.

Discussion.—Rathbun (1926) orginally assigned Portunites
alaskensis to Portunites based upon the development of carapace
regions and the epibranchial ridge. Nagao (1932) described P.
hexagonalis as being most similar to P. alaskensis, and exami-
nation of type material by the authors indicates that these two
species are indeed congeneric because they both possess broad,
deeply excavated orbits; broad fronto-orbital widths; short an-
terolateral margins; and ridges on the protogastric, hepatic, and
epibranchial regions. Schweitzer and Feldmann (1999) suggest-
ed that these two species may belong to a genus other than
Portunites based upon their large and deeply excavated orbits.
Schweitzer et al. (2000) subsequently named P. macrospinus
from Eocene rocks of Washington and argued that P. alaskensis,
P. hexagonalis, and P. macrospinus should remain within Por-
tunites.

Re-examination of these three species indicates that they dif-
fer from Portunites s.s in several.regards and are therefore re-
ferrable to a new genus, Megokkos. Members of Portunites s.s.
have wide fronto-orbital widths as do members of Megokkos;
however, the orbits of the three species referred to Megokkos
are much more deeply excavated. The front of members of Me-
gokkos possesses blunt projections, while in Portunites s.s., the
front has spines. Some members of Megokkos possess an orbital
tooth and notch, which are never seen in species of Portunites
s.s. Species of Portunites s.s. typically lack transverse ridges on
the hepatic and protogastric regions which members of Megok-
kos possess; and species of Portunites s.s. possess longitudinal
ridges on the branchial regions which members of Megokkos
lack. The anterolateral spines are sharper and more attenuated
in species of Megokkos than in Portunites s.s. Members of Me-
gokkos have a markedly hexagonal carapace, while that of spe-
cies of Portunites s.s. is more ovate. Species of Megokkos have
well-developed posterolateral reentrants while in Portunites s.s.
they are shallow or lacking. Species of Portunites s.s. typically
have tubercles on the branchial regions which members of Me-
gokkos lack. Finally, the carapace regions are less inflated and
the grooves are less distinct in species of Megokkos than of
Portunites s.s.

Species of Megokkos can be differentiated from Imaizumila
and Minohellenus because Megokkos has much broader, more
deeply excavated orbits than those two genera and possesses
transverse ridges on the hepatic regions which members of Imai-
zumila and Minohellenus lack. Members of Proterocarcinus
have much broader orbits than do species of Megokkos and also
have a much broader fronto-orbital width to maximum width
ratio.

Species within Megokkos are differentiated based upon the
length of the anterolateral spines, the development of the pro-
togastric and hepatic transverse ridges, the ornamentation of the
orbital margin, and the length of the spines on the frontal mar-
gin. There is some degree of variation within species of the

641

genus with regard to the number of anterolateral spines. The
anterolateral spine at the base of the outer-orbital spine can be
missing, poorly developed, or well-developed within a single
species. Therefore, that character is not diagnostic for species
within the genus.

Species of Megokkos are known only from the North Pacific
Rim. Megokkos macrospinus is the earliest known member of
the genus, from middle to late Eocene rocks of Washington.
Megokkos hexagonalis has been reported from late Eocene rocks
of Japan, and M. alaskensis has been collected from Oligocene
rocks of Alaska, British Columbia, Washington, and Oregon.
The genus appears to have evolved and dispersed only within
the North Pacific Ocean.

MEGOKKOS MACROSPINUS (Schweitzer, Feldmann, Tucker, and
Berglund, 2000) new combination
Figure 5
Portunites macrospinus SCHWEITZER, FELDMANN, TUCKER, AND BER-
GLUND, 2000.

Diagnosis.—Carapace rounded-hexagonal in outline; orbits
broad, with small triangular projection and shallow notch at mid-
width; outer orbital spine long, sharp; anterolateral margin usu-
ally with five spines including outer orbital spine, last antero-
lateral spine longest, attenuated; protogastric and hepatic regions
with weak transverse ridges; first pereiopods heterochelate, ma-
jor chela short, stout; dactyl of fifth periopod paddle-like.

Emendation to description.—Orbits with sinuous margin;
very small triangular projection at midwidth, projection directed
anterolaterally; shallow notch just distal to projection, notch con-
tinuous with short, closed orbital fissure.

Pterygostomial region granular. Third maxillipeds granular,
longer than wide.

Sternum granular. Sternite 1 triangular, apex blunt, posterior
margin sinuous. Sternites 2—4 fused; axially sulcate; outer mar-
gins crenulate; posterior margins straight, axially convergent;
fourth sternite with long, sharp, episternal projections. Sternites
5-7 spatulate, distal margins rounded; anterior and posterior
margins nearly straight; each with long, sharp, episternal pro-
jections; sternite 5 directed slightly anterolaterally; sternite 6 di-
rected laterally; sternite 7 directed posterolaterally. Sternite 8
small, not well known, directed posterolaterally.

Male abdomen triangular, lateral margins concave. Somite 1
not well-known, much wider than long. Somite 2 much wider
than long, anterior and posterior margins sinuous. Somites 3—5
fused, anterior and posterior margins nearly straight, lateral mar-
gins concave. Somite 6 square, lateral and posterior margins
nearly straight, anterior margin slightly concave. Telson a round-
ed-triangle, posterior margin convex, lateral margins slightly
convex.

First pereiopods heterochelate. Manus of major cheliped not
much longer than high, widest distally; outer surface vaulted,
with broad, medial keel; inner surface flattened, with broad, me-
dial keel; upper and lower margins nearly straight; fixed finger
highest proximally, occlusal surface with several large, blunt
denticles; movable finger strongly arched proximally and nearly
straight distally, occlusal surface with blunt denticles. Minor
chela of same general shape as major but with more slender
fingers. Mern of second through fifth pereiopods much longer
than high. Carpus of fourth pereiopod not much longer than
high, widened distally. Dactyl of fifth pereiopod longer than
high, oblanceolate.

Material examined.—New material includes USNM 507775-
507810. The holotype, CM45833, and paratypes CM45834—
45836, were also examined.

Occurrence.—Specimens USNM 507775-507792 were collect-
ed from the late Eocene Quimper Sandstone, at locality RB40 from
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FIGURE 5—Megokkos macrospinus. 1, Ventral view of male, USNM 507806; 2, dorsal carapace, USNM 507810; 3, dorsal carapace and appendages
of USNM 507775, arrow indicates paddle-like dactyl of fifth pereiopod. Scale bar equal to 1 cm.

the register of Ross Berglund, located in the SW%, NE%, sec. 18,
T29N, R7E, Nordland Quadrangle, 7.5 series, E. Jefferson County,
WA, along the west shoreline of Oak Bay, south of Port Townsend,
WA. Age determinations for the Quimper Sandstone were based
upon molluscs and foraminifera (Armentrout and Berta, 1977).
Specimens USNM 507793-507804 were collected from RB32 in
the SWi4, NW4, sec. 4, T33N, R15W, Cape Flattery Quadrangle,
7.5' series, Clallam County, WA, several hundred kilometers inland
from the Strait of Juan de Fuca, near Neah Bay, WA. Specimens
USNM 507805-507809 were collected from RB33, located in the
W1, N, sec. 4, T33N, R15W, Cape Flattery Quadrangle, 15’ series,
Clallam County, WA, near West Kydikabbit. Finally, specimen
USNM 507810 was collected from RB34, at Kydikabbit Point, east
of Cape Flattery and west of Neah Bay, in the EY%, sec. 4, T33N,
R15W, Cape Flattery Quadrangle, 15’ series, Clallam County, WA.
Localities RB32-34 are located in the Hoko River Formation.
Discussion.—Thirty-six specimens from the late Eocene Hoko

River Formation and the Eocene Quimper Sandstone are refer-
rable to Megokkos macrospinus, originally described from Eo-
cene rocks at Pulali Point, WA, tentatively referred to the Ald-
well Formation. The specimens are referrable to M. macrospinus
because they exhibit a front with a blunt, bilobed axial projec-
tion; deep, wide orbits; long, attenuated outer-orbital and last
anterolateral spines; five anterolateral spines including the outer-
orbital spines; weak transverse ridges on the protogastric and
hepatic regions; moderately defined carapace regions; and a
vaulted, rounded-hexagonal carapace. All of these characters are
diagnostic of M. macrospinus (Schweitzer et al., 2000).

The new material makes it possible to frame a more complete
description of this species, including details of the sternum, male
abdomen and appendages that were not preserved in the holotype
and paratype specimens. Additionally, the excellent preservation
of the new material shows a small, triangular projection on the
orbit as well as a small orbital notch which were not well-pre-
served in the type material. These two characters distinguish M.
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macrospinus from all other species of the genus. Also, the excel-
lent preservation of the new material shows that the small antero-
lateral spine located at the base of the outer orbital spine, which
was described as sometimes being absent in the original descrip-
tion, is almost always present and well-developed.

Genus MINOHELLENUS Karasawa, 1990

Charybdis (Minohellenus) Karasawa, 1990, p. 21, pl. 6, figs.
7-8; KArRASAWA, 1993, p. 56, pl. 13, figs. 3a,b, pl. 14, figs. 3a—.
Minohellenus Karasawa, 1990. KATO AND KARASAWA, 1994, p.
53, fig. 2, pl. 4; KATO AND KARASAWA, 1996, p. 31, pl. 10;
Karasawa, 1997, p. 49, pl. 11, fig.11, pl. 14, figs. 2-7, pl. 12,
figs. Sa—c, pl. 13, figs. 4a-b.

Portunites Bell, 1858. RATHBUN, 1926 (part), p. 68, pl. 17, figs.
3—6; SCHWEITZER AND FELDMANN, 1999.

Itoigawaia KARASAWA, SAKUMOTO, AND TAKAYASU, 1992, p.
455, pl. 64; KARASAWA, 1993, p. 53, pl. 11, figs. 1-3, pl. 11,
fig. 6; KARASAWA, 1997, p. 48-49, pl. 11, figs. 9, 11, 13.; KaToO,
1996, p. 512-514, figs. 5-11, 6-7a-12.

Type species.—Charybdis (Minohellenus) quinquedentata
Karasawa, 1990.

Other species.—M. chichibuensis (Kato, 1996, as Itoigawaia)
M. macrocheilus Kato and Karasawa, 1994; M. minoensis (Kar-
asawa, 1990, as Portunites); M. triangulum (Rathbun, 1926, as
Portunites); M. umemotoi (Karasawa, 1993, as Itoigawaia).

Diagnosis.—Carapace hexagonal, longer than wide, L/W
about 0.60-0.75, widest at position of last anterolateral spine,
carapace regions typically poorly defined. Frontal margin with
six triangular, well-developed spines including inner orbital
spines. Orbits circular, directed forward, with two orbital fis-
sures, fronto-orbital width to width ratio about 0.4-0.5. Antero-
lateral margin with five spines including outer orbital spines,
spines long, triangular, sharp; last spine typically longest. Epi-
branchial region an arcuate ridge, extending from base of fifth
anterolateral spine to axis, ridge poorly to moderately well-de-
fined. Protogastric region weakly inflated, hepatic region flat-
tened. Chelae heterochelate, smooth or with granular keels on
outer surface. Dactyls of fifth pereiopods paddle-like.

Material examined.—Charybdis (Minohellenus) quinqueden-
tata, MFM9030 (holotype); MFM9031 (paratype). M. macroch-
eilus, KMNH IvP 300, 020 (holotype); KMNH IvP 300, 022-
24 (paratypes). Itoigawaia minoensis, MFM9035 (holotype);
MFM9037 (paratype). 1. umemotoi, MFM 9039 (holotype).
Specimens of M. triangulum are given for the species.

Discussion.—Karasawa (1990) originally named Minohellen-
us as a subgenus of Charybdis and referred C. (M.) quinque-
dentata from the early Miocene of Japan to it. Subsequently,
Kato and Karasawa (1994) elevated Minohellenus to generic sta-
tus and named M. macrocheilus, a new species from the late
Oligocene of Japan. The genus ltoigawaia Karasawa, Sakumoto,
and Takayasu, 1992 was erected to accommodate material orig-
inally assigned to Portunites by Karasawa (1990). In their 1994
and 1996 papers, Kato and Karasawa noted that Minohellenus
and Itoigawaia were similar to each other and that differentiating
between the two was problematic. Schweitzer and Feldmann
(1999) suggested that Minohellenus and Itoigawaia may be syn-
onymous.

Review of these taxa by the authors and by Karasawa (per-
sonal commun.) has brought each independently to consider foi-
gawaia to be synonymous with Minohellenus, Itoigawaia be-
coming the junior subjective synonym. The two genera share
numerous characteristics, including a similar carapace shape; a
front with six well-developed spines including the inner-orbital
spines; a fronto-orbital width to width ratio of 0.40-0.50; an
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anterolateral margin with five large, triangular, sharp spines in-
cluding the outer-orbital spine; carapace regions that are weakly
to moderately developed; a weakly inflated protogastric region;
a depressed hepatic region; an arcuate epibranchial ridge ex-
tending from the last anterolateral spine; nearly straight to weak-
ly convex posterolateral margins; and heterochelate chelae with
mani that are longer than high and with large, blunt denticles
on the fingers. The only difference between the two genera is
that in members of Itoigawaia, the penultimate anterolateral
spine is sometimes longest instead of the last anterolateral spine
(Schweitzer and Feldmann, 1999). This sole difference does not
constitute sufficient grounds for distinguishing the two taxa as
separate genera, so they are herein united as a single genus,
Minohellenus.

Minohellenus is easily distingushed from Portunites, Megok-
kos, Imaizumila and Proterocarcinus. Members of Portunites
have much better developed carapace regions, much smaller an-
terolateral spines, and fewer frontal spines than do species of
Minohellenus. Furthermore, members of Minohellenus lack the
longitudinal ridges and tubercles on the branchial regions diag-
nostic of species of Portunites. Members of Minohellenus differs
from species of Megokkos because Megokkos has much wider
orbits and a much broader fronto-orbital width to width ratio of
over 0.66 as compared to 0.40-0.50 in Minohellenus. Addition-
ally, members of Megokkos have four blunt projections on the
frontal margin, while species of Minohellenus have six spines
on the frontal margin. Species of Megokkos have distinctive
transverse ridges on the protogastric and hepatic regions which
members of Minohellenus lack. Finally, the arcuate epibranchial
ridge is much better developed in species of Megokkos than in
those of Minohellenus. Minohellenus was distinguished from
Imaizumila above. Species within Minohellenus are differenti-
ated based upon the development of carapace regions, the or-
namentation of carapace regions, the length of the anterolateral
spines, the development of the frontal spines, and the relative
width of the fronto-orbital margin. Species of Proterocarcinus
have much more broad orbits and a much wider fronto-orbital
width to width ratio than do species of Minohellenus.

Minohellenus is known only from Japan and the Pacific
Northwest of North America. Species from Japan range in age
from Oligocene to middle Miocene, and the sole North Ameri-
can species is Oligocene-early Miocene in age. The genus ap-
parently evolved in the North Pacific Ocean and subsequently
dispersed only along the North Pacific rim; it is not possible to
determine whether the dispersal was east to west or west to east.

MINOHELLENUS TRIANGULUM (Rathbun, 1926) new combination
Figure 6
Portunites triangulum RATHBUN, 1926, p. 68, pl. 17, figs. 3-6; Las-
MANIS AND BERGLUND, 1991, p. 331, 333, figs. 5, 10; SCHWEITZER
AND FELDMANN, 1999.

Diagnosis.—Carapace wider than long, L/W about 0.70, car-
apace hexagonal-ovate; fronto-orbital width about 50 percent
maximum carapace width; front with six well-developed spines
including inner orbital spines; anterolateral margin with five
spines including outer-orbital spine, last spine longest, spines
broadly triangular, sharp; carapace regions weakly developed,
protogastric region weakly inflated, hepatic region depressed;
epibranchial ridge weakly developed,; branchial region with tri-
angular arrangement of tubercles.

Material examined—Material examined includes USNM
353567 (holotype) and CM39669-39676. New material includes
USNM 507813.

Occurrence.—USNM 507813 was collected from the Jansen
Creek Member of the Oligocene Makah Formation about 1 km
west of the mouth of Jansen Creek, located in the SE%, NW4,



FIGURE 6—Minohellenus triangulum. USNM 507813, dorsal carapace.
Scale bar equal to 1 cm.

sec. 26, T33N, R14W, Clallam Bay Quadrangle, 15’ series, Clal-
lam County, WA.

Discussion.—Rathbun (1926) originally described Portunites
triangulum from Oligocene rocks of Washington and Oregon,
and Schweitzer and Feldmann (1999) reported it from late Oli-
gocene to early Miocene rocks of the Pysht Formation, Olympic
Peninsula, WA. Re-examination of this species indicates that it
is not referrable to Portunites s.s. Portunites triangulum has a
narrower fronto-orbital width to width ratio than most members
of Portunites s.s., and P. triangulum has six spines on the frontal
margin rather than four as in Portunites s.s. The carapace regions
of P. triangulum are much more poorly developed and the an-
terolateral spines are larger and sharper than those of species of
Portunites s.s. Portunites triangulum also lacks the longitudinal
ridges on the branchial region diagnostic of Portunites s.s.

Portunites triangulum exhibits all of the diagnostic characters
of Minohellenus and is herein referred to that genus. Those di-
agnostic characters include six spines on the frontal margin; a
fronto-orbital width to width ratio of 0.50; five large, sharp an-
terolateral spines; poorly developed carapace regions; an inflated
protogastric and depressed hepatic region; and a weak epibran-
chial ridge extending axially from the base of the last anterolat-
eral spine. The specimen was badly sheared, making it impos-
sible to take accurate measurements or to make an accurate re-
- construction of the animal. Therefore, the specimen has not been
described for this report. However, the broad, sharp, anterolateral
spines have not before been seen in unbroken form.

Minohellenus triangulum differs from all other species of the
genus in possessing a triangular arrangement of tubercles on the
branchial regions of the carapace. The anterolateral spines are
sharper and more attenuated at their tips than those of other
species in the genus. The chelae of M. triangulum have granular
keels on the outer surface of the manus, which have not been
described for other species within the genus.

This is the first report of Minohellenus triangulum from the
middle Oligocene Makah Formation, Olympic Peninsula, WA,
which extends neither the geographic nor the geologic range of
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the species, previously reported from Oligocene rocks of Wash-
ington and Oregon (Rathbun, 1926) and from the late Oligocene
to early Miocene Pysht Formation of the Olympic Peninsula
(Schweitzer and Feldmann, 1999).

Genus PROTEROCARCINUS Feldmann, Casadio, Chirino-Gdlvez,
and Aguirre-Urreta, 1995

Type species.—Proterocarcinus lophos Feldmann, Casadio,
Chirino-Galvez, and Aguirre-Urreta, 1995.

Other species.—Proterocarcinus latus (Glaessner, 1933, as
Archaeogeryon).

Diagnosis.—Carapace transversely ovoid to hexagonal, wider
than long, 0.60-0.76 times as long as wide; front narrow, down-
turned, with four spines including inner-orbital spines; orbits ex-
tremely broad, rimmed, fronto-orbital width to width ratio 0.70—
0.95, two orbital fissures; anterolateral margin short, with four
spines including outer-orbital spines; epibranchial ridge elevated,
granular, terminating at base of fourth anterolateral spine; bran-
chial region swollen, with longitudinal ridge parallel to long axis
of cardiac region,; first pereiopods isochelous; propodus and dac-
tyl of fifth pereiopod paddle-like.

Discussion.—Proterocarcinus was first described from Dan-
ian rocks of the Roca Formation in the Neuquén Basin, Rio
Negro Province, Argentina. The sole specimen upon which the
description was based lacked the frontal regions and, therefore,
description of that critical region was not possible. Recognition
of a second species of the genus herein provides important in-
formation on that area as well as morphological details of the
propodi and dactyli of the fifth pereiopod, confirming the place-
ment within the Portunidae and the Polybiinae. Comparison of
the genus with others in the subfamily has been discussed above,
in reference to Portunites.

ProOTEROCARCINUS LATUS (Glaessner, 1933) new combination
Figures 7, 8

Archaeogeryon latus GLAESSNER, 1933, p. 23, pl. V, figs. 4, 5,
pl. VI, fig. 4.

Coeloma (Coeloma) latum (Glaessner). AGUIRRE URRETA, 1987,
p- 471

Diagnosis.—Carapace trapezoidal in outline, L/W about 0.76;
carapace regions moderately well-defined, often coarsely pustulose;
front narrow, downturned, with four spines including inner orbital
spines; orbits extremely wide, shallow, rimmed, with two orbital
fissures, fronto-orbital width to width ratio about 0.95; anterolateral
margin short, with four spines including outer orbital spine; hepatic
region elevated, granular, with central node; epibranchial ridge ar-
cuate, granular, extending from base of fourth anterolateral spine;
branchial region with longitudinal, granular ridge parallel to long
axis of cardiac region,; first pereiopods isochelous; propodi and dac-
tyli of fifth pereiopod paddle-like.

Description.—Carapace trapezoidal in outline, length about
0.76 times maximum width measured at broken tips of fourth
anterolateral spine; nearly flat transversely, weakly vaulted lon-
gitudinally; carapace regions moderately well defined by tumid,
often coarsely pustulose elevations and narrow, smooth grooves.

Front narrow, rostrate, about 17 percent maximum width,
downturned almost at right angles to carapace surface, sulcate
axially, projected slightly in advance of orbits in mature indi-
viduals and strongly projected in immature (smaller) forms, ter-
minating in four spines including inner-orbital spines, outer pair
stronger and divergent distally, inner two narrower and more
closely spaced. Orbits very wide, shallow, finely denticulate,
fronto-orbital width about 95 percent total width, bounded by
outer rostral spine axially and prominent, long, slender, antero-
laterally directed outer orbital spine laterally; with two shallow
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FIGURE 7—Proterocarcinus latus. 1, Dorsal carapace, GHUNLPam 16818; 2, mold of pereiopods 3-5 showing flattened, paddle-like propodus and
dactylus on pereiopod 5, GHUNLPam 16821; 3, dorsal carapace, GHUNLPam 16816. Scale bar equal to 1 cm.

orbital fissures, innermost fissure located about 40 percent width
of orbit measured from base of rostrum to base of outer orbital
spine, with narrow swollen rim axially and broader, elevated
orbital rim adaxially; outer orbital fissure near base of outer
orbital spine. Anterolateral margin about 40 percent total length
of carapace, slightly divergent posteriorly, bearing four spines,
including outer orbital spine; second and third spines smaller,
directed anterolaterally, acute; fourth with broad base at outer
end of epibranchial ridge, broken in all specimens but apparently
large and laterally directed. Posterolateral margins straight to
weakly concave, convergent posteriorly. Posterolateral reen-
trants long, strongly convergent, concave. Posterior margin
about 38 percent total width, straight, weakly rimmed.
Mesogastric region extends as subtle, posteriorly widening el-
evation from rostral sulcus to abruptly widening posterior region
bearing two subtle nodes at widest point, bounded anteriorly by
subtle circular, granular epigastric swellings and at midlength by

large, ovoid, prominent, granular protogastric swellings. Uro-
gastric region narrow, poorly defined as transverse swelling.
Cardiac region and urogastric regions bounded laterally by deep,
narrow, branchiocardiac furrow. Cardiac widest of axial regions,
about 26 percent total width, narrowing posteriorly to poorly
defined intestinal region. Hepatic regions elevated, with central
node and granular surface; second anterolateral spine defines
outer extremity of hepatic region. Epibranchial region a promi-
nent elevated ridge with granular surface terminating distally at
fourth anterolateral spine. Branchial regions defined as swollen
adaxial elevation paralleling branchiocardiac groove. Mesobran-
chial and metabranchial regions not distinguishable, with prom-
inent granular ridge extending longitudinally along midline of
branchial regions.

Sternum ovoid, slightly longer than wide, greatest width at
sternite five or six, lateral margins a series of arcuate elements
defined by smoothly curved lateral somite margins and narrow
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FIGURE 8—Line drawings of Proterocarcinus latus. 1, Dorsal carapace.
2, portion of the fifth pereiopod, illustrating the paddle-like propodus
(p) and dactyl (d), indicated by arrows. Scale bar equal to 1 cm.

episternal projections; weakly convex longitudinally in males
and immature females and strongly convex in mature females;
sternites 1-4 fused completely with broadly triangular elements
1-3 defined posteriorly by lateral sulci and depressed below sur-
face of somite 4. Remainder of somites unfused. Axial depres-
sion prominent, narrow.

Abdomen not known.

First pereiopods appear to be isochelous, proximal segments
not well exposed but not markedly elongated; carpus about as
long as high, keel near inner margin curves toward outer margin
on coarsely granular upper surface; outer margin with row of
small spines; large distal spine on inner margin. Propodus mod-
erately elongate; hand longer than high with two rounded keels
defining upper margin and one prominent keel extending along
midline of outer surface. Fingers generally straight, tapering;
denticles not known. Remaining pereiopods similar in size; is-
chium about four times as long as high, flattened with fine, dis-
tally directed spines on upper surface; propodus and dactylus of
fifth pereiopod flattened, ovoid, slightly longer than wide.

Material examined.—The holotype, In.28032, and paratypes,
1.4580, In.28008, and In.28032, of Archaeogeryon latus were
examined in The Natural History Museum, London. Newly col-
lected material upon which the study was based, GHUNLPam
16815-16831, formed the primary basis for this study.

Occurrence.—The type series was purchased by R. J. Damon,
August, 1900, and the accompanying locality data simply indi-
cated ‘‘Patagonian Beds.” Glaessner (1933) concluded that the
fossils were Miocene in age and that the locality was in Santa
Cruz Province, Argentina. All of the newly collected specimens
were collected from the middle Eocene Centinela Formation on
the Estancia 25 de Mayo, Calafate, Santa Cruz Province, Ar-
gentina. Although representatives of the species were collected
at several discrete sites, the catalogued material was collected
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from a west-facing slope approximately at Latitude 50°27.5'S,
Longitude 72°12'W.

Discussion.—Glaessner (1933) originally described this spe-
cies from specimens housed in The British Museum (Natural
History). The species is clearly congeneric with Proterocarcinus
lophos (see Feldmann et al., 1995) and exhibits all of the di-
agnostic features of the genus; it is therefore referred to Proter-
ocarcinus. However, specimens from the Centinela Formation
differ from P. lophos to a great enough extent to be considered
different species. Proterocarcinus lophos is apparently more
nearly equidimensional than P. latus; the latter is much wider
than long. Further, the protogastric regions are more inflated, the
anterolateral spines more subdued, and the longitudinal ridge on
the branchial regions are much better expressed on P. latus than
on P. lophos.

The excellent preservation of the specimens permits framing a
much more complete description of this species. Most importantly,
the presence of the paddle-like propodus and dactylus on the fifth
pereiopod (Fig. 8.2) confirms placement of the species, and there-
fore the genus, within the Polybiinae. Proterocarcinus lophos
lacked the terminal elements of the fifth pereiopods and could not
be placed within a subfamily with confidence. The new material
provides the evidence to clearly make the assignment.

Family GERYONIDAE Colosi, 1923

Discussion.—The systematic position of the Geryonidae has
been much contested. Typically, the family has been allied with
the Xanthidae in the superfamily Xanthoidea (Glaessner, 1969).
However, numerous studies have suggested closer affinities with
the Portunidae. These works, based upon serological evidence
(Leone, 1949; 1951), larval studies (Ingle, 1979; Rice, 1980),
and external morphology (Manning and Holthuis, 1989) provide
compelling evidence for close relationship of the Geryonidae
and the Portunidae. We concur. Thus, the Portunoidea now em-
braces three families, the Portunidae, Carcineretidae Beurlen,
1930, and the Geryonidae. A detailed discussion of the position
of the Geryonidae is provided by Manning and Holthuis (1989).

The geological evidence for the relationship of the three fam-
ilies is limited; however, it is possible to provide some evidence
to suggest that the Carcineretidae may have been the rootstock
of the superfamily and that the Portunidae were derived from it
and, subsequently, the Geryonidae arose from the Portunidae,
possibly through the genus Proterocarcinus. The Carcineretidae
is the only portunoid family with a clearly documented record
in the Cretaceous and, in fact, the family became extinct at the
end of that period (Fraaye, 1996; Vega et al., 1997; Feldmann,
1998). Carcineretids have a Tethyan distribution and are known
from as far north as Europe and Texas to as far south as Brazil
(Glaessner, 1969). Fraaye (1996) reported several forms from
central and Northern Europe. The Portunidae is now known to
range from the Danian to Recent with certainty (Feldmann et
al., 1995) and a single specimen from Madagascar may extend
that range into the Cretaceous. Although the family has a cos-
mopolitan distribution in modern oceans, the Danian occurrence
is from the Southern Hemisphere, in Argentina. Secretan (1964)
described Xanthosia elegans from lower Campanian rocks of
Madagascar, and recognition of homonomy resulted in publica-
tion of a substitute name, X. robertsi (Secretan, 1982). The type
specimen of that species was recently re-examined in the course
of a study of Xanthosia (Schweitzer Hopkins et al., 1999) and
it was concluded that the species was neither referable to Xan-
thosia nor to the Xanthidae, and that it was likely a portunid.
The specimen lacks the fronto-orbital region and the anterolat-
eral margins are broken so that this placement must be consid-
ered tentative. Nonetheless, an authentic portunid, Proterocar-
cinus lophos (see Feldmann et al., 1995), is known from the
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Danian Roca Formation in Argentina. A second species of that
genus, P. latus, described above, coexisted with, and may have
been the rootstock for, Chaceon peruvianus (d’Orbigny, 1842)
which is described below.

The morphological similarity between the carapace features
of Proterocarcinus latus and Chaceon peruvianus is amazing,
particularly when comparing juvenile specimens of C. peruvi-
anus and adult specimens of P. latus. Sufficient differences in
the fronto-orbital and anterolateral regions distinguish the two
species; however, these areas are frequently broken or poorly
preserved in which case it is impossible to make a species de-
termination. The development of carapace regions, distribution
of granular surfaces, and expression of carapace grooves are so
similar, especially between adult individuals of P. latus and ju-
veniles of C. peruvianus, that it was originally concluded by the
authors that only a single species was present. However, when
more completely preserved specimens were studied it became
clear that the two could be distinguished. Adult Proterocarcinus
latus are characterized by broader fronto-orbital regions, ranging
from ‘about 84 to 91 percent maximum width, and only four
anterolateral spines whereas the fronto-orbital region ranges
from 80-82 percent maximum width and there are five antero-
lateral spines on juvenile specimens of Chaceon peruvianus. The
juvenile specimens of the latter species are in the same size
range of adult P. latus whereas the adults of C. peruvianus are
three or more times as large. Furthermore, adults of Chaceon
peruvianus exhibit a proportionately narrower fronto-orbital re-
gion, ranging from 52-63 percent maximum width, and much
more subdued carapace morphology than do the juveniles.

Based upon these observations, it is possible to suggest that
Chaceon peruvianus, the oldest member of the Geryonidae, may
have evolved from Proterocarcinus latus, or an unknown close-
ly related species, by a process of peramorphosis in which the
adult characters of the latter species were expressed in the ju-
venile form of Chaceon peruvianus. During the ontogeny of C.
peruvianus, the fronto-orbital width decreases, proportional to
maximum width, and the sculpturing of the carapace becomes
more subdued so that the adult morphology of this species bears
much less resemblance to that of adult Proterocarcinus latus.
Manning and Holthuis (1989) described the pereiopods of the
Geryonidae as lacking segments that were flattened or ovate as
an adaptation for swimming. The ancestral taxon for the Ger-
yonidae proposed here, Proterocarcinus, has propodi and dactyli
of the fifth pereiopod that are ovate and flattened. However, this
difference in appendages may be the result of abandonment of
the swimming habit within the primarily deep-water Geryonidae
and may be convergent with the loss of paddle-like swimming
appendages in the portunid subfamily Carcininae Macleay, 1838.
In any case, the remarkable similarities in dorsal carapace mor-
phology clearly suggests that Proterocarcinus bears an ancestral
link to the Geryonidae.

For the above reasons, much confusion has resulted from the
generic assignments of the geryonids and portunids from Pata-
gonia. To resolve some of these problems, the history of assign-
ment of the most confusing taxa, including Chaceon peruvianus,
Archaeogeryon fuegianus, Lebucarcinus tyro, and Proterocar-
cinus latus will be discussed in more detail.

Chaceon peruvianus has variously been assigned to the Portun-
idae, Xanthidae, Cancridae, and Geryonidae, as documented by the
synonymy presented below. The primary reason that the species
was assigned to genera now in four different families probably
resulted from lack of knowledge of details of the walking legs and
incomplete knowledge of details of carapace morphology. The pre-
sent assignment to Chaceon and the Geryonidae conforms closely
to the definition of those taxa (Manning and Holthuis, 1989) and
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reinforces affinities with the genus Geryon Kroyer, 1837, first sug-
gested by Ortmann (1900). The junior subjective synonymy of
Cancer patagonicus Philippi, 1887, has been generally agreed upon
since first noted by Ortmann (1902).

Archaeogeryon fuegianus Colosi, 1923, was named as the
type species of that genus and was characterized by greatly
thickened orbital margins, strong hepatic spines, three strong and
two tiny anterolateral spines, and subtle longitudinal branchial
ridges. In other morphological features the species bears a close
resemblance to species referrable to Chaceon, including C. pe-
ruvianus. Aguirre Urreta (1987, p. 469) assigned the genus to
Coeloma as C. (Coeloma) fueguianum (sic.); however, Coeloma
A. Milne Edwards, 1865, typically bears four anterolateral
spines, not an odd number, and lacks the elongate ridges typical
of most geryonids, including Chaceon spp. The family place-
ment of Coeloma remains in question and it currently seems
unlikely that it is a geryonid as suggested by Glaessner (1969).
The development of the orbital ridges, hepatic spines, and an-
terolateral spines, and the suppression of the branchial ridges are
taken to be sufficiently important to constitute distinction of Ar-
chaeogeryon and Chaceon at the generic level. Examination of
the specimens studied by Glaessner (1933) in the Natural His-
tory Museum, London (In.28022, In.28033, and In.28027-30)
confirms the generic placement and the unique nature of the
species. Therefore, A. fuegianus, from rocks of Argentina, re-
mains the sole species within the genus. It should be noted that,
although the labels accompanying the specimens in the Natural
History Museum record the material as being either Tertiary or
Oligocene in age, Glaessner (1933, p. 23) concluded that they
date from the Miocene. This may have been based upon the
opinion that the Patagonian Beds were of that age. That age
assignment must be independently tested.

Aguirre Urreta (1987) also assigned Lebucarcinus tyro (Philippi,
1887) to the Geryonidae. However, presence of a trifid rostrum,
only two anterolateral spines, and absence of an outer orbital spine
rule out assignment to the family. Chirino-Galvez (1993) referred
the genus to the Goneplacidae, with which we concur.

Glaessner described Archaeogeryon latus based upon four
specimens from, ‘“Miocene, Patagonian Beds, Santa Cruz, Ar-
gentina’ (1933, p. 24). His description of the species, including
reference to four anterolateral spines, development of carapace
ridges and granular ornamentation suggests that the species is
quite different from other species referred to Archaeogeryon.
Assignment of A. latus to Coeloma (Coeloma) by Aguirre Urreta
(1987) conformed to her conviction that Archaeogeryon was a
junior synonym of Coeloma. Examination of the type series of
A. latus confirms that it is not a geryonid at all but that it is a
portunid, referrable to Proterocarcinus Feldmann et al., 1995.
Thus, P. latus (Glaessner) becomes the second species referrable
to Proterocarcinus.

The morphological differences between P. latus, A. fuegianus,
and Chaceon peruvianus were suggested to be reflective of an
evolutionary continuum (Glaessner, 1933, p. 24) in which Pro-
terocarcinus latus was the most derived. That relationship con-
tinues to be recognized but, as described above, it is probable
that P. latus was the rootstock for origin of the Geryonidae. The
Geryonidae as defined by Manning and Holthuis (1989) is now
recognized to embrace four genera with the addition of Archaeo-
geryon known only from the fossil record, Chaceon, Geryon,
and Zariquieyon Manning and Holthuis, 1989. Chaceon peru-
vianus constitutes the oldest known member of the genus and
the family.

Genus CHACEON Manning and Holthuis, 1989
Type species.—Geryon fenneri Manning and Holthuis, 1984.
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CuaceoN PERUVIANUS (d’Orbigny, 1842) new combination
Figures 9, 10

Portunus peruvianus D’ORBIGNY, 1842, p. 107, pl. 6, fig. 17.

Podopilumnus peruvianus (d’Orbigny). McCoy, 1849, p. 166.

Carcinus peruvianus (d’Orbigny). A. MILNE EDWARDS, 1860, p. 269,
pl. 8, figs 1—.

Cancer patagonicus PHILIPPI, 1887; HATCHER, 1897, p. 337.

Geryon? peruvianus (d’Orbigny). ORTMANN, 1900, p. 381; ORTMANN,
1902, p. 255, pl. 38, fig. 6; STEINMANN AND WILCKENS, 1908, p. 70.

Geryon peruvianus (d’Orbigny). ROVERETO, 1921, p. 25; FRENGUELLI,
1927, p. 205, figs, 1(a-b), 11(a-b); GLAESSNER, 1929, p. 182;
AGUIRRE URRETA, 1987, p. 464, pl. 1, pl 2, figs A-C, pl. 3, figs. A—-
E, pl. 4, fig. B.

Archaeogeryon peruvianus (d’Orbigny). GLAESSNER, 1933, p. 22, pl. 5,
figs. 1-2; CAMACHO, 1966, p. 477, pl. 16.13, figs a—b; GLAESSNER,
1969, p. R524, fig. 332, 5a-b; DE LA FUENTE, 1977, p. 310; MORRIS,
1980, p.1; BRIGGS ET AL., 1985, p. 203, pl. 9.2.10 A-B.

Emended description.—Moderately large for genus; outline
hexagonal, length about 78 percent maximum width measured
at broken tips of fifth anterolateral spines; weakly vaulted trans-
versely and longitudinally; carapace regions well defined in ju-
venile (smaller) specimens by pustulose elevations, regions sub-
dued in adults.

Front rostrate, about 18 percent maximum width, downturned
slightly, sulcate axially, projected in advance of orbits, termi-
nating in four subequal spines of which outer pair are slightly
stronger and divergent distally and inner pair are narrower, dis-
tally divergent, and closely spaced. Orbits broad, arcuate, fronto-
orbital width varies from about 82 percent maximum width in
juveniles to 52 percent in mature forms, orbits bounded by outer
rostral spines axially and strong, triangular outer orbital spines
laterally; with two shallow orbital fissures, innermost one at
about midpoint of orbit, orbital rim narrow, smooth axially and
denticulate laterally; outer orbital fissure near base of outer or-
bital spine. Anterolateral margin about 47 percent total length,
convex, bearing five spines, including outer orbital spine; first
four spines similar in size, directed radially, fifth spine longest,
directed laterally and dorsally. Posterolateral margin straight to
weakly concave, smooth, convergent posteriorly. Posterolateral
corners long, strongly convergent, concave. Posterior margin
about 33 percent maximum width, straight, weakly rimmed.

Mesogastric region extends as subtle, posteriorly widening el-
evation from rostral sulcus to abruptly widened posterior region
bearing two subtle swellings at widest point; granular protogas-
tric swellings large, ovoid, prominent. Urogastric region narrow,
poorly defined as transverse swelling. Cardiac region and uro-
gastric regions bounded laterally by moderately deep, narrow,
branchiocardiac furrow. Cardiac region widest of axial regions,
narrowing posteriorly to poorly defined intestinal region. He-
patic regions elevated, with central node and granular surface;
third anterolateral spine defines outer extremity of hepatic re-
gion. Epibranchial region a prominent elevated ridge with gran-
ular surface terminating distally at fifth anterolateral spine. Bran-
chial regions defined as swollen adaxial elevation paralleling
branchiocardiac groove. Mesobranchial and metabranchial re-
gions not distinguishable, with prominent granular ridge arising
as circular elevation and extending longitudinally along midline
of branchial regions.

Sternum ovoid, slightly longer than wide, greatest width at ster-
nite six, lateral margins a series of arcs defined by smoothly curved
lateral somite margins and narrow episternal projections; weakly
convex longitudinally in males and immature females and strongly
convex in mature females; sternites 1-4 fused completely with
broadly triangular elements 1-3 defined posteriorly by lateral sulci
and depressed below surface of somite 4. Remainder of somites
unfused. Axial depression prominent, narrow.
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Abdomen of male with unfused segments and triangular telson,
widest at somite 2, margins straight or concave axially. Female
abdominal segments unfused, convex laterally, widest at somite 5;
somite 2 shortest; somite 6 longest with concave distal margin into
which telson is set. Telson a parallelogram. Immature female ab-
domen about 44 percent maximum sternal width; mature female
abdomen about 75 percent maximum sternal width.

Third maxillipeds with ischium with narrow proximal termina-
tion widening to parallel-sided distal region, slightly longer than
wide; exopod narrower, longer than ischium, tapering distally.

First pereiopod strong, moderately heterochelous, carpus rect-
angular with smooth platform on upper surface, prominent distal
spine on inner surface. Propodus with inflated hand, about 62
percent as high as long, smooth to weakly keeled outer surface,
slightly flattened upper surface; fixed finger straight, dactylus
slightly curved, elongate, bearing dome-shaped denticles on oc-
clusal surface. Remaining pereiopods moderately long, slender,
ischia of pereiopods 2-5 long, slender, possibly slightly com-
pressed; meri poorly preserved, circular to ovoid in cross-sec-
tion; distal segments poorly known; propodus of pereiopod 5
flattened at least on immature specimen, dactylus lanceolate.

Material examined.—The material basis for Glaessner’s com-
ments on the species, In.27384-87, In.28001, In.28002,
In.28004-7, In.28024, In.28026, In.28036-36, and In.28288,
were studied in The Natural History Museum. Additionally, the
J. B. Hatcher Collection, including 16 specimens catalogued as
P774-79 (nine specimens collected by Hatcher and identified
by Ortmann, and P. 780, six specimens collected by R. Hauthal
and identified by Ortmann) were studied at Kent State Univer-
sity. This collection will be deposited in the U.S. National Mu-
seum of Natural History upon completion of the research. Newly
collected material that formed the primary basis for the study,
GHUNLPam 16804-16814, provided important details to ex-
pand on the description of the species.

Occurrences.—All of the specimens were collected from the
middle Eocene Centinela Formation on the Estancia 25 de
Mayo, near Calafate, Santa Cruz Province, Argentina.
GHUNLPam 16804-16809 were collected from Latitude
50°30.716’S, Longitude 72°15.303'W. GHUNLPam 16810-
16811 were collected across the stream and just to the north
from that locality. GHUNLPam 16812-16814 were collected
about 10 km north from those localities approximately at Lati-
tude 50°27.5"S, Longitude 72°12"W.

Discussion.—Living representatives of Chaceon inhabit deep
water (Manning and Holthuis, 1989) and are characterized by
long, slender walking legs. The fossils from South America con-
form closely to the definition of the genus in all other regards;
however, the legs tend to be only moderately long and the fifth
pereiopod bears a flattened propodus although the dactylus is
styliform. The flattening of the propodus has been recognized
by Glaessner (1933) and Aguirre Urreta (1987) but neither au-
thor illustrated the limb. The nature of the fifth pereiopod is
clearly seen in Figure 10.1. Thus, it would appear that the ear-
liest of the geryonids, adapted to a nearshore, shallow water
habitat possessed a modified portunid-like appendage, possibly
adapted to swimming and burrowing, and that full development
of the elongate pereiopods may have been an adaptation to life
in deeper habitats.

Recognition of two different size classes of individuals in this
species suggests that there may have been seasonal recruitment
of young although this suggestion must be taken as highly spec-
ulative. The difference in size between small, *“‘juvenile” spec-
imens and large, “adult” specimens is great enough to suspect
that the large individuals may be much older than the small ones.
Perhaps more significant is the observation that growth of the
frontal and orbital regions are allometric; the fronto-orbital width
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FIGURE 9—Chaceon peruvianus. 1-3, Dorsal, frontal, and ventral views of carapace of large individual, In.28002. Photos courtesy of P. Hurst, the
Natural History Museum, London. Scale bar equal to 1 cm.



650

JOURNAL OF PALEONTOLOGY, V. 74, NO. 4, 2000

FIGURE [0—Chaceon peruvianus. 1, Dorsal carapace, GHUNLPam 16812; 2, dorsal carapace, GHUNLPam 16811; 3, sternum and partial abdomen
of male, GHUNLPam!16813; 4, stereoscopic view of sternum and abdomen of female, GHUNLPam 16814. Scale bar equal to 1 em.

relative to the maximum width does change with increased over-
all size and presumably with age.

DISCUSSION

The Carcineretidae exhibits a primarily tropical distribution,
having been reported from localities in Mexico, Brazil, the Gulf
Coast of North America, the Caribbean, and Europe (Glaessner,
1969; Fraaye, 1996; Vega et al., 1997). All of the occurrences
are from Late Cretaceous age rocks and the family may have
become extinct as a result of the Chicxulub impact (Feldmann,
1998). The distinguishing features of the family, including the

quadrate outline of the carapace, development of carapace re-
gions, and development of a swimming paddle on the fourth,
not the fifth, pereiopod serve to distinguish the representatives
of this group from the other members of the superfamily. It is
likely that some member of the family, possibly within the genus
Carcineretes Withers, 1922, was the progenitor of the Portuni-
dae. The earliest portunid known, Proterocarcinus lophos has a
rectilinear carapace, ridges on the carapace, and extremely long
orbits as do representatives of Carcineretes. If that is so, the
superfamily first appeared in low latitude regions of the Carib-
bean, dispersed southward, radiated into species assignable to
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the Portunidae, and subsequently experienced further radiation
and dispersal.

Several important biogeographic patterns emerge from de-
scription and re—evaluation of the portunid and geryonid genera
discussed herein. The earliest occurrence of authentic Polybi-
inae, and indeed the Portunidae, is Proterocarcinus from Danian
rocks of southern Argentina, suggesting that the family arose in
the high southern latitudes. Additionally, Pororaria Glaessner,
1980, a member of the Polybiinae, is known from Eocene rocks
of New Zealand (Feldmann and Maxwell, 1990), supporting a
high southern latitude origin. The generic reassignment of sev-
eral polybiine species previously assigned to Portunites sensu
lato and the recognition of Imaizumila from the southern hemi-
sphere has broad implications for understanding the evolutionary
history of the Polybiinae. The biogeographic range of Portunites
sensu stricto is unchanged by the removal of some taxa from
the genus; it is reported from the Eocene of northern Europe,
the west coast of North America, and Japan. The new genus
Megokkos, from Eocene to Oligocene rocks, and Minohellenus,
reported from Oligocene to Miocene rocks, are both restricted
to the North Pacific rim, while Imaizumila has a disjunct, am-
phitropical distribution in Japan and Chile, having been reported
from Eocene to Miocene rocks. The subfamily may have arisen
in the high southern latitudes and subsequently dispersed north-
ward into the North Atlantic region and to the North Pacific
Ocean via the Straits of Panama. Alternatively, the subfamily
may have dispersed to the North Atlantic Ocean and then to the
Pacific Ocean via the Tethys. The limited age constraints on
some of the taxa, and the widely overlapping age ranges of the
five genera, make it difficult to speculate on just exactly how
the subfamily was distributed globally from its apparent origin
in the southern hemisphere. The subfamily could have arisen
from a carcineretid ancestor which dispersed from the tropics to
the middle southern latitudes, resulting in the evolution of the
Polybiinae. Subsequently, the subfamily would have dispersed
northward into the middle northern latitudes. Modern members
of the Polybiinae, and the Portunidae, have a cosmopolitan dis-
tribution (Rathbun, 1930a; Glaessner, 1969; Sakai, 1976; Man-
ning and Holthuis, 1981; Dai and Yang, 1991).

In addition to constituting the area of origin for the Portuni-
dae, specifically, the Polybiinae, southern South America was
the probable area of origin for the Geryonidae, as discussed
above. Unfortunately, little else in known about the geologic
distribution of the family. Modern geryonids are known from
deep water sites around the world. Geryon is restricted to the
North Atlantic, Zariquieyon is known only from the Mediterra-
nean, and Chaceon is cosmopolitan.
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