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ABsTRACT—Pal eobiogeographic patterns of decapod crustaceans from the Southern Hemisphere, based upon 441 species-level records
arrayed in 154 genera, document global patterns of distribution that can be compared to those previously published on decapods from
the North Pacific and Central American regions. All known records of decapods from the Southern Hemisphere spanning the Early
Triassic to Pleistocene have been compiled, nearly all have been personally verified, and patterns of origin and distribution have been
interpreted. Interchange between hemispheres, including amphitropical and bipolar distributions, are recognized from Jurassic to post—
Miocene time. The high southern latitudes was a site of origin of severa generic-level taxa during the Jurassic through Eocene and
many of these taxa have been identified in subsequent times in lower latitude regions in shallow- and deepwater environments in both
hemispheres. The isolation of Antarctica due to ocean currents significantly diminished the role of the high southern latitudes as an
area of origin for decapods. The Tethys was an important dispersal pathway for decapods during the Cretaceous through early Miocene.
Endemism was high during the Eocene, similar to the North Pacific and Central America. The magnitude of the Cretaceous/Paleogene
extinction event on the Southern Hemisphere decapod fauna was not profound; most Cretaceous extinctions seem to have occurred
well before the end of the Cretaceous, and 85% of the Cretaceous families are known from the Paleogene in the Southern Hemisphere

taxa.

Note: Tables 1 and 2, listing the species records from the South-
ern Hemisphere and the tropical Western Hemisphere (Table 1)
and the geographic distribution of genera from the study area
arrayed by geological time and family within timeintervals (Table
2), are posted on the Journal of Paleontology’s Supplemental Da-
tabase, www.jour nal ofpal eontol ogy.org.

INTRODUCTION

ossiL DECAPOD Crustacea have been noted in the Southern
Hemisphere for over 150 years. One of the earliest accounts
is that of d’Orbigny (1842) in South America, and shortly there-
after, Darwin (1842) also noted the presence of decapod fossils
there. Additional observations of fossil decapods, most in the
form of descriptions of single species, were published throughout
the remainder of the nineteenth century. However, as late as the
midtwentieth century, the number of occurrences was small
enough that the most prominent systematist working with fossils,
Martin Glaessner, did not attempt a pal eobiogeographic synthesis.
The study of decapod paleontology in the Southern Hemisphere
has been sporadic and most discoveries of fossil decapods have
probably been incidental to stratigraphic work or collection of
other taxa. Nonetheless, in the past two decades, an increase in
interest in the group in the Southern Hemisphere has led to much
more intensive collecting in Antarctica, southern South America,
New Zealand, and to some extent Australia. Several summary
papers cited throughout this work have drawn together the infor-
mation and have provided a database adequate for evaluation.
Thus, interest in the study of fossil shrimp, crabs, and lobsters
in the Southern Hemisphere has increased to the point that it is
now possible to summarize the occurrences of 441 species records
arrayed in 154 genera, record the occurrences of congeners in
other regions of the world, define stratigraphic ranges for these
genera, and suggest a pal eobiogeographic synthesis. These are the
central purposes of this work.

PALEOBIOGEOGRAPHY

Overview and caveats.l] The scope of this paleobiogeographic
summary requires some explanation. Previous summaries of pa-
leobiogeography have focused on the high southern latitudes
(Feldmann, Aguirre-Urreta et al., 1997), the North Pacific
(Schweitzer, 2001), and the tropical and subtropical Americas
(Schweitzer et a., 2002). In order to compile data to link these
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studies to that of the entire Southern Hemisphere, records from
the Caribbean region, all of South America, Africa south of the
equator, Australia, New Zealand, India, Antarctica, and Madagas-
car have been compiled. In so doing, there is some overlap in
records from previous studies, but that was judged acceptable to
assure the most complete coverage possible. Furthermore, it is
clear and obvious that, as aresult of plate motionsin the Cenozoic
and Mesozoic, considerable repositioning of the areas under dis-
cussion has taken place. The implications of those changes will
be discussed below. Because of the manner in which the localities
of taxa have been reported in the literature, their geographic oc-
currences are arranged with reference to modern political bound-
aries in Table 1. However, their paleobiogeographic position has
been noted in reference to paleolatitude in Table 2 to reflect more
accurately their historical positions.

Few decapod fossil localities on the landmasses currently sit-
uated primarily in the Southern Hemisphere have been known
until recently and, therefore, the number of decapods fossil re-
cords has been limited. This lack of occurrences is due to the
relative paucity of studies in the Southern Hemisphere and to the
limited land area in the Southern Hemisphere as compared to that
in the Northern Hemisphere. With regard to the former observa-
tion, asurge in collecting activity in the past 20 years has resulted
in a large increase in the number of known sites. The paleogeo-
graphic maps (Figs. 1-3) show the positions of sites yielding
decapod fossils in the study area. The number of genera reported
in the compilation herein totals 154. Table 1 lists the species
known from the study area, arrayed by geologic time and geo-
graphical location. Table 2 records the genera known from the
study area and notes the worldwide distribution of their occur-
rences, arrayed by geologic time. Figure 4 shows the worldwide
geologic ranges of the genera.

The asymmetry of distribution of land masses in the Northern
and Southern hemispheres results in there being a smaller areain
which to seek fossil decapods in the Southern Hemisphere. An-
other consequence of a smaller area is that, whereas the exposure
of fossiliferous rocks in the Northern Hemisphere is biased in
favor of epicontinental seaways, most Southern Hemisphere sites
are rather near continental margins. The result of this difference
is that many families of decapods that are well represented in
epicontinental regions are poorly represented, or absent altogether,
in marginal marine areas. Conversely, many families commonly
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found in shallow-water settings near continental margins are un-
derrepresented, or absent, in epicontinental settings.

Clearly, the strength of the interpretations regarding areas of
origin and paleobiogeographic distributional patterns are only as
good as the available data. Addition of new data will undoubtedly
result in revision of some of the patterns. Similarly, the paleobi-
ogeographic patterns might be thought of as more rigorous if they
had been subjected to cladistic analysis, such as that described by
Lieberman (2002). That is the ultimate goal of this research; how-
ever, it is not possible to generate meaningful results at this time
for two reasons. The Decapoda is a very large group and sub-
jecting the entire order to cladistic analysis has not been accom-
plished, but part of that work is currently being done by the au-
thors and others. In addition, athough knowledge of the fossil
record of Southern Hemisphere decapods is vastly more robust
than in the past, 441 species-level records arrayed in 154 genera
distributed over half the earth cannot be considered sufficient to
generate meaningful area cladograms (Lieberman, 2002).

Definitions.OJ Throughout this work we have attempted to use a
uniform terminology for the areas under study. The definitions are
as follows:

Tropical. The region lying between 23%° North and 23%° South.
Subtropical. The regions lying between 23%° and 30° South or
Sotltcr)\r}erhﬁ extratropical. The region lying between 30° and 90°
Tersn%grgte. The regions lying between 30° and 60° South or
Higﬁghthern Latitudes. The region between 60° and 90° South.

Because of plate motions, some of the collecting sites may have
occupied a temperate latitudina position during one time interval
and a subtropical or tropical latitudinal position during a subse-
quent time interval. For example, New Zealand occupied a high
southern latitudinal position prior to the Oligocene and a temper-
ate latitudinal position from the Oligocene to the present. Bio-
geographic distributions of decapods from New Zealand are re-
corded accordingly.

One oceanographic condition that was not considered was that
of the asymmetry of circulation patterns that resultsin the broader
latitudinal range of warm water regions on the west sides of
oceans compared to that on the eastern sides. Although the pattern
surely existed throughout the time intervals under consideration,
the circulation pattern was not considered because of the uncer-
tainty of its magnitude.

The tallies of genera and species are affected by biological
judgments regarding Callianassa Leach, 1815a. Callianassa spp.
sensu lato are widespread in fossil deposits and severa occur-
rences are noted in the list of species from the Southern Hemi-
sphere (Table 1). However, Manning and Felder (1991) demon-
strated that, although several genera could be recognized on the
basis of morphology of the proximal elements of the first pereio-
pods, the hands and fingers alone provided very little evidence as
to their generic identity. Therefore, throughout the work, Calli-
anassa sp. were counted as species occurrences, but the genus
Callianassa was not included in generic counts. Throughout the
work, species counts are based upon occurrences so that the same
species from two different localities would be counted as two

occurrences. Other callianassids, such as Protocallianassa Beur-
len, 1930, were included in generic counts because their identity
was certain. In similar fashion, genera within the Paguridae, the
hermit crabs, are listed in Table 1 and counted as species occur-
rences but are not noted in Table 2 and are not counted in generic
counts because of the difficulty in assigning generic namesto their
fragmentary remains.

Triassic.[] The discovery of two new species of decapods from
Lower Triassic rocks in Madagascar (Garassino and Teruzzi,
1995; Garassino and Pasini, 2002) brings to three the total number
of Triassic decapods, all penaeids, from Madagascar. Van Straelen
(1933) had previously described a new species of shrimp from
there. Together they constitute the only records of Triassic deca
pods in the Southern Hemisphere. During the Triassic, Madagas-
car lay at a latitude of about 30°S (Fig. 1.3). These genera are
known from no other area and thus provide little information
about relationships with shrimp elsewhere in the world.

Jurassic.[] Jurassic decapods are known from Chile and Mad-
agascar, which were located in subtropical latitudes; and from
New Zeadland and Antarctica, at latitudes above 60°S. A total of
12 species-level occurrences arrayed in nine genera are known
from Southern Hemisphere occurrences (Fig. 1.2). Of the three
genera in the high southern latitudes, Antarcticheles Aguirre-Ur-
reta et al., 1990 is known only from its occurrence in Antarctica
(Aguirre-Urreta et a., 1990); Trachysoma Bell, 1858 had its or-
igin in either the North Atlantic or the high southern latitudes;
and Mecochirus Germar, 1827 had its earliest occurrence in the
North Atlantic in Sinemurian time but radiated into the Southern
Hemisphere by the Toarcian (Forster, 1971) as did Glyphea von
Meyer, 1835, in the temperate southern latitudes. Mecochirus is
also known from Madagascar (Secretan, 1964) and Chile (Forster
and von Hillebrandt, 1984) in the Jurassic, both of which were at
subtropical paleolatitudes. Of the genera known from the sub-
tropics of the Southern Hemisphere Jurassic (Madagascar), Ery-
mastacus Beurlen, 1928 had a broad distribution in the Early Ju-
rassic of Canada and Europe, ranging from Europe into East
Africa by the Late Jurassic (Glaessner, 1969); Phlyctisoma Bell,
1863 had its earliest occurrence in Madagascar (Secretan, 1964),
subsequently radiating into the North Atlantic region; and Eryma
von Meyer, 1840 and Coleia Broderip, 1835 appeared first in the
North Atlantic and subsequently radiated into Madagascar (Se-
cretan, 1964). Chilenophoberus Chong and Forster, 1976 is
known only from Chile (Chong and Forster, 1976). All of the
decapods found in Triassic and Jurassic rocks in the Central
Americas appear to have had their originations in the North At-
lantic (Schweitzer et al., 2002); and five of the Jurassic Southern
Hemisphere decapods also originated apparently in the North At-
lantic. Clearly, what is today the North Atlantic was an important
region during the Jurassic for the origination of decapod taxa;
aternatively, the historically detailed study of the North Atlantic
region may have led to an overestimation of its importance.

Early Cretaceous.[] The record of fossil decapods in the study
area is relatively robust during the Early Cretaceous. A total of
54 species-level occurrences embraced within 27 genera have
been recorded from numerous Southern Hemisphere localities.
Thirteen genera are known from high southern latitude sites and
18 are known from temperate latitudes. No decapods are reported
from the Central American region of South America during the
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Ficure 1—Paleobiogeographic maps showing localities from which 1, Early Cretaceous, 2, Jurassic, and 3, Triassic decapods have been collected
in the study area. Dispersa routes are inferred based upon timing of appearance of generic taxa worldwide. Numbers on the maps denote number
of genera introduced into the area during the time interval. Generalized circulation patterns are plotted on map bases from Scotese (1997), and

using paleocurrent data from Bice (personal commun. to RMF).
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Early Cretaceous; five of the genera are known from both high
southern and temperate latitudes. Of the total number of Early
Cretaceous genera, 15 have their earliest records during the Early
Cretaceous, but not al arose in the Southern Hemisphere. Of these
15 that arose during the Early Cretaceous, three dominant distri-
butional patterns can be readily identified. Three of the genera
originated in, and appear to have been endemic to, the southern
tropical latitudes; six genera originated in the high southern lati-
tudes, and four of the genera originated in the Northern Hemi-
sphere and radiated southward. Two genera, Notopocorystes Mc-
Coy, 1849 and Hemioon Bell, 1863, occurred during this time
interval in both hemispheres and, because of limited stratigraphic
resolution, the area of origin cannot be determined unequivocally.

In the Central Americas, a few more than haf of the genera
originated within that region (Schweitzer et a., 2002), and about
one-third originated in the North Atlantic (Schweitzer, 2001).
Thus, there seems to have been little interchange between the
extratropical Southern Hemisphere region and the Central Amer-
icas, while the North Atlantic region contributed to both the Cen-
tral American decapod fauna and the extratropical Southern
Hemisphere fauna. Perhaps temperature and/or depth preferences
among the genera explain this pattern.

Within the Southern Hemisphere tropical and subtropical re-
gion, four genera, Araripecarcinus Martins-Neto, 1987, Beurlenia
Martins-Neto and Mezzalira, 1991a, Brazilomunida Martins-Neto,
2001, and Maurimia Martins-Neto, 2001, are known from single
localities (Martins-Neto, 1987, 2001; Martins-Neto and Mezzali-
ra, 1991a, 1991b) and provide no biogeographical insights. Oc-
currences of Necrocarcinus? Bell, 1863 in Colombia (Rathbun,
1937) and Mecochirus in Chile document dispersal of North At-
lantic taxa into the tropical region.

Southern Hemisphere temperate latitude decapods are known
from the Early Cretaceous in Chile, Argentina, South Africa, and
Madagascar. None of the genera recorded from those areas orig-
inated in, or were endemic to, that region, and some also occurred
in high southern latitude localities as well. Hoploparia McCoy,
1849 was widespread during the Early Cretaceous and has been
recorded in Argentina (Aguirre-Urreta, 1989), Madagascar (Se-
cretan, 1964), and in the high latitude region of Austraia (Eth-
eridge, 1917). Similarly, Glyphea von Meyer, 1835 is known from
Argentina (Aguirre-Urreta, 1989) at midlatitudes and from high
latitude sites in Antarctica (Taylor, 1979) and Austraia (Etherid-
ge, 1917; Woods, 1957). A third broadly distributed genus is Pa-
laeastacus Bell, 1850. This genus has been recognized in Argen-
tina at midlatitudes (Aguirre-Urreta and Ramos, 1981) as well as
the high latitude sites of Antarctica (Taylor, 1979) and Australia
(Etheridge, 1914). These genera, as well as Enoploclytia McCoy,
1849, known from Argentina (Aguirre-Urreta, 1982) and Antarc-
tica (Taylor, 1979); Meyeria McCoy, 1849, from Argentina (Har-
bourt, 1905) and Madagascar (Kitchin, 1908); Paranecrocarcinus
Forster, 1968, from South Africa (Wright, 1997) and Madagascar
(Forster, 1970); and Astacodes Bell, 1863, from Australia (Woods,
1957), are dl taxa whose first occurrences are in the Northern
Hemisphere. The pathways of dispersal are not clear but parsi-
monious pathways are suggested (Fig. 1.1). Notopocorystes,
known from early Cretaceous rocks in Madagascar (Secretan,
1964), is aso known from the North Atlantic region during that
time, and its area of origin is not clear.

The remaining genera from the region were al high latitude

endemic genera during the Early Cretaceous. They include Til-
locheles Woods, 1957; Torynomma Woods, 1953; Oonoton Glaes-
sner, 1980; Dioratiopus Woods, 1953; and Lignihomola Collins,
1997, al from Australia (Woodward, 1892; Woods, 1953, 1957,
Glaessner, 1980), and Trachysoma and Schlueteria Fritsch in
Fritsch and Kafka, 1887, from Antarctica (Taylor, 1979). Thus,
as early as the Early Cretaceous the southern high latitudes area
was a region in which a substantial number of decapod genera
originated and some of them, Torynomma, Trachysoma, and
Schlueteria, subsequently dispersed into Northern Hemisphere
sites. This pattern of southern high latitude origin of decapods
taxa was first recognized in the dispersal pattern of Eocene taxa
(Zinsmeister and Feldmann, 1984).

Late Cretaceous.[] During the Late Cretaceous, 88 records of
species (Table 1) arrayed in 41 genera (Table 2) have been re-
corded. Some of the species records are duplicates in the sense
that the same species may have been recorded at different local-
ities or in different stages. Thirty-six of the genera occurred in
southern extratropical localities and eight genera were recorded
from tropical localities. Sixteen of the genera had their originsin
the study area and were endemic to the area during this time
interval. In the paleotropics in the Southern Hemisphere, Ophthal -
moplax Rathbun, 1935; Xanthosia Bell, 1863; Cretacoranina
Mertin, 1941; Carcineretes Withers, 1922; and Galathea Fabri-
cius, 1793 are known from no other regions during the Late Cre-
taceous (Beurlen, 1958b; Morris, 1993; Feldmann et al., 1999;
Feldmann and Villamil, 2002; Schweitzer et al., 2002), and al
except Ophthalmoplax originated during this time interval. The
latter genus arose in the Early Cretaceousin the Central American
region. Two other genera, Ranina? Lamarck, 1801 and Penaeus?
Fabricius, 1798, from Pakistan may represent first occurrences of
those genera in the fossil record. The former genus is probably
correctly assigned and the latter is highly questionable; however,
neither identity can be confirmed until the original materia is
examined. The site of origin of Costacopluma Collins and Morris,
1975 is problematic. The genus appeared in Nigeria during the
late Campanian (Collins and Morris, 1975) and in northern India
(Geetani et ., 1983) and the Central American region during the
Maastrichtian (Vega and Carmen Perrilliat, 1989; Vega and Feld-
mann, 1992), suggesting an origin for the genus in the Tethyan
region. However, Vega and Feldmann (1992) suggested that Cos-
tacopluma had originated specificaly in the Central American
region as a derivative of the North American genus, Archaeopus
Rathbun, 1908. Until additional information is available, it is pru-
dent to consider the area of origin to be equivocal.

In the paleotemperate latitudes, Dioratiopus and Torynomma
had arisen in Australia during the Early Cretaceous and remained
endemic to that area in the Late Cretaceous (Glaessner, 1980).
Dromiopsis Reuss, 1859; Secretanella Guinot and Tavares, 2001,
and Ctenocheles Kishinouye, 1926 arose in the Late Cretaceous
in the area of Madagascar and South Africa (Secretan, 1964);
Eodorippe Glaessner, 1980 made its first appearance in Australia
(Glaessner, 1980); Dynomenopsis Secretan, 1972 exhibited its
sole occurrence in the Cenomanian of Bolivia (Secretan, 1972);
and Lobulata Schweitzer et al., 2004 and Rocacarcinus Schweit-
zer, 2005 made their earliest known occurrences in Argentina
(Feldmann et al., 1995; Schweitzer et al., 2004).

Seven genera originated in the high southern latitudes during
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Ficure 2—Paleobiogeographic maps showing localities from which 1, Eocene, 2, Paleocene, and 3, Late Cretaceous decapods have been collected
in the study area. Dispersa routes are inferred based upon timing of appearance of generic taxa worldwide. Numbers on the maps denote number
of genera introduced into the area during the time interval. Generalized circulation patterns are plotted on map bases from Scotese (1997), and

using paleocurrent data from Bice (personal commun. to RMF).
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the Late Cretaceous. Haumuriaegla Feldmann, 1984 was first not-
ed in marine rocks of New Zealand (Feldmann, 1984). The genus
was an early marine member of what is now a lineage of living
freshwater decapods, the aeglids, that inhabit streams in southern
South America. Homolodromia A. Milne Edwards, 1880, first
noted in the Late Cretaceous of New Zealand (Feldmann, 1993),
subsequently was collected from Eocene rocks in Antarctica
(Feldmann and Wilson, 1988), and is known from deepwater set-
tings in modern seas. In Antarctica, five new genera appeared.
Cristafrons Feldmann, Tshudy et a., 1993 and Retrorsichela
Feldmann, Tshudy et al., 1993 were endemic to the region (Feld-
mann, Tshudy et al., 1993) and are known from no other time
interval. Rhinopoupinia Feldmann, Tshudy et al., 1993, known
only from the Late Cretaceous of Antarctica (Feldmann, Tshudy
et a., 1993), is the earliest known member of a small family of
deepwater decapods extant in the South Pacific, the Poupiniidae
Guinot, 1991. Metanephrops Jenkins, 1972a and Munidopsis
Whiteaves, 1874 are the progenitors of extant genera known from
lower latitude localities (Feldmann, 1989; Feldmann, Tshudy et
al., 1993). Thus, the pattern of high latitude origin of taxa first
noted in the Early Cretaceous continued in the Late Cretaceous.

Interchange of genera across the equator was also a mgjor fac-
tor in the generic composition of Southern Hemisphere faunas
during the Late Cretaceous (Fig. 2.3). The North Pecific was the
site of origin of two genera, Eodorippe and Homolopsis Bell,
1863, the former dispersing into Australia (Schweitzer, 2001), and
the latter dispersing into the temperate latitudes of Chile and Aus-
tralia (Glaessner, 1980; Forster and Stinnesbeck, 1987). These re-
cords are the first contribution of North Pacific taxa into the
Southern Hemisphere. North Atlantic contributions to the study
area included the introduction of Astacodes and Cyclothyreus Re-
meS, 1895 into the Central American region (Beurlen, 1965;
Schweitzer et al., 2002); Titanocarcinus A. Milne Edwards, 1864
and Linuparus White, 1846 into Madagascar and South Africa at
temperate latitudes (Secretan, 1964); and Linuparus and Pla-
giophthalmous Bell, 1863 into the high southern latitudes in Ant-
arctica (Tshudy and Feldmann, 1988; Feldmann, Tshudy et al.,
1993). Linuparus is aso known from Cameroon at paleotropical
latitudes (Glaessner, 1932). Hemioon, which first appeared in New
Zealand in the Early Cretaceous, dispersed northward into south-
ern North America in the Central American region (Schweitzer
et a., 2002), and Schlueteria, first noted in the Early Cretaceous
of Antarctica, dispersed into the area of Madagascar and into the
North Atlantic region during the Late Cretaceous (Secretan,
1964). Necrocarcinus is known from Late Cretaceous localities
in Antarctica (Feldmann, Tshudy et al., 1993), dispersing to the
region from the North Atlantic, possibly viathe Central Americas
(Rathbun, 1937).

In spite of this interchange, it is interesting that nearly 70% of
the Late Cretaceous decapods in the Central American region ap-
pear to have originated in that area, and 15% of the remainder
originated in what is today the North Atlantic. Apparently, most
of the interchange was from north to south, not south to north.

Paleocene.[] Eighteen species-level records arrayed in 16 gen-
era of Paleocene decapods have been recorded from the study
area. Glyphithyreus Reuss, 1859, its first occurrence, and Gon-
iocypoda Woodward, 1867 are known from the paleotropics of
Pakistan (Collins and Morris, 1978). Costacopluma is known in
the paleotropical region of Venezuela (Collins et a., 1994) and

Brazil (Feldmann and Martins-Neto, 1995) as well as in the pa-
leotemperate region of southern Argentina. Lobulata, Rocacar-
cinus, Chirinocarcinus Karasawa and Schweitzer (2004), and
Ctenocheles were confined to the paleotemperate region in Ar-
gentina (Feldmann et a., 1995; Schweitzer et a., 2004). Meta-
nephrops is known from high southern latitudes in Antarctica
(Feldmann, Tshudy et al., 1993), Glyphea has been described
from New Zealand (Feldmann, 1993), Linuparus is known from
Chile (Feldmann, Tshudy et al., 1993), and Hoploparia has been
recognized in Antarctica (Feldmann, Tshudy et a., 1993) and Ar-
gentina (Aguirre-Urreta, 1989). The first known occurrences of
Chirinocarcinus, Palaeopinnixa Via, 1966, and Proterocarcinus
Feldmann et a., 1995 are from Paleocene rocks of Argentina and
all but Palaeopinnixa remained endemic to the area.

Although only two of these generic occurrences are new to the
study area, there were some significant dispersal events (Fig. 2.2).
Costacopluma, which had been known from the Central America
region and the Tethys in the Late Cretaceous, dispersed into
southern Argentina in the Paleocene. Dromiopsis, which had been
known in Madagascar during the Late Cretaceous, appeared in
the North Atlantic region in the Paleocene. The limited infor-
mation on dispersal, as with the limited number of Paleocene taxa,
is partially due to collecting bias. Relatively little collecting has
been done in central South America, South Africa, and Australia.
Undoubtedly, additional field work will yield additional infor-
mation.

The paucity of Paleocene decapod records is aso related to
available exposures of rock of this age. As in other parts of the
world, the Paleocene record in the Southern Hemisphere palesin
comparison to that of the Late Cretaceous and the Eocene. Be-
cause this was atime of general lowstand of sealevel, particularly
during the Danian (Vail et al., 1977), and because the Eocene was
a time of relative highstand of sea level, the areal extent of Pa-
|leocene rocks is limited. As aresult, marine Paleocene rocks tend
to be confined to small, narrow exposures between much more
extensive exposures of Upper Cretaceous and Eocene rocks. Be-
cause there is a relationship between area of exposure of rocks
and number of taxa (Raup, 1976), the diversity of Paleocene deca-
pods is probably underestimated. The extent to which this limited
number of Paleocene taxa results from the Cretaceous extinction
will be discussed below.

Eocene.lJ The pattern of Eocene decapod distribution in the
study area is based upon 43 species-level records arrayed in 31
genera. Two of the genera, Calappilia A. Milne Edwards, 1873
and Falconoplax Van Straelen, 1933 are confined to the Centra
American, paleotropical area. Palaeopinnixa occurs in the study
area, having dispersed northward from its site of first occurrence
in the Paleocene of Argentina. In the extratropical, temperate
southern latitudes, Imaizumila Karasawa, 1993, the first occur-
rence of that genus, is confined to that region, and Lyreidus de
Haan, 1841 occurs in the southern temperate region as well asin
New Zealand and Antarctica in the high southern latitudes.

It is in the high southern latitudes that the preponderance of
Eocene occurrences is found. Twenty-five genera are known from
that region and, of these, 10 represent first occurrences of the
genera. Localities on the Antarctic Peninsula (Feldmann and Zins-
meister, 1984a, 1984b; Feldmann and Wilson, 1988; Feldmann et
al., 2003) and the South Island of New Zealand (Feldmann and
Keyes, 1992) each yielded five first occurrences. It is noteworthy

P

FicurRe 3—Paleobiogeographic maps showing localities from which 1, Post-Miocene, 2, Miocene, and 3, Oligocene decapods have been collected
in the study area. Dispersa routes are inferred based upon timing of appearance of generic taxa worldwide. Numbers on the maps denote number
of genera introduced into the area during the time interval. Generalized circulation patterns are plotted on map bases from Scotese (1997), and

using paleocurrent data from Bice (personal commun. to RMF).
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Ambilobeia
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Chilenophoberus
Erymastacus
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*Myra
*Macrophthalmus
*Actaea
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Ficure 4—Continued. Stratigraphic distribution of decapod genera known from the study area. Solid lines denote occurrences within the temperate
and high latitude regions of the Southern Hemisphere. Long broken lines denote occurrences within tropical and subtropical regions of the study
area. Short broken lines denote occurrences of genera in parts of the world outside the study area. Data from Tables 1 and 2. Asterisks (*) denote

genera with extant representatives.

that only two of the genera, Antarctomithrax Feldmann, 1994 and
Micromithrax Noetling, 1881, are represented by sole occurrenc-
es. All the other taxa either dispersed into other regions during
the Eocene or have occurrences outside of the high southern lat-
itudes in subsequent epochs. Seventeen have extant species. Al-
though these figures for numbers of genera in various parts of the
Southern Hemisphere are undoubtedly skewed toward the high
southern latitudes because of the intensity of field work in Ant-
arctica and New Zealand, it remains that this was a time of major
origination of new taxa in the high southern latitudes that led to
radiation of the taxa into other, more temperate regions of the
world ocean (Fig. 2.1).

It is also significant that, although many new taxa evolved
worldwide during the Eocene, many of them were endemic to
their regions of origin during the Eocene. Of the Southern Hemi-
sphere occurrences, Pakicarcinus Schweitzer et al., 2004 dis-
persed from the Tethyan region of Pakistan into Australia during
the Eocene. Laeviranina Lérenthey and Beurlen, 1929 and Quas-
ilaeviranina Tucker, 1998, whose points of origin are unclear, had
avery broad distribution in the Eocene and dispersed as far south-
ward as New Zealand during that epoch, probably via the Tethys.
Palaeopinnixa dispersed from the Southern Hemisphere to the
North Pacific region during the Eocene. Two Eocene taxa that
had originated in the high southern latitudes during the Cretaceous
remained endemic to extratropical Southern Hemisphere, and
Ctenocheles originated in the temperate southern latitudes during
the Cretaceous and remained in that general area as well as dis-
persing nearly worldwide during the Eocene. The observations
regarding the generally high degree of endemism in the Southern
Hemisphere parallel the patterns previously observed in the North
Pacific (Schweitzer, 2001) and the Central American region
(Schweitzer et d., 2002).

Oligocene.[] A total of 24 genera have been recorded in the
study area, based upon 32 species-level records. Three of the gen-
era have been noted in the Central American paleotropical region,
al of which have their origins in Brazil. Both Bechleja HouSa,
1956 and Propalaemon Woodward, 1903 have ranges that extend
beyond the occurrence in the Oligocene of Brazil. The remaining
20 genera are known from paleotemperate regions. In Argentina,
eleven genera are reported; two genera are reported in Chile; four
are noted in Australia; and six genera are noted in New Zeaand.
Two genera from Argentina, Baricarcinus Casadio et a., 2004
and Lammuastacus Aguirre-Urreta, 1992, are reported from single
occurrences in that region and are known from no other occur-
rences in subsequent epochs. These generic records include seven

first occurrences in Argentina, two in Australia, and one in Brazil.
The large number of first occurrences in the Southern Hemi-
sphere, about 42%, exceed that in the North Pacific (Schweitzer,
2001) and the Central American regions (Schweitzer et al., 2002).
This high number is largely attributed to descriptions of decapods
from remarkably fossiliferous localities in Australia (Jenkins,
1985) and Argentina (Casadio et al., 2004).

Chaceon Manning and Holthuis, 1989, a genus that includes
severa living species, originated in the Oligocene of Argentina
and is also known from Chile. Previously, Chaceon was reported
to have originated in the Eocene (Casadio, Feldmann et a., 2000;
Schweitzer and Feldmann, 2000b), based upon “Ar/**Ar dating
of a volcanic ash within the Centinela Formation; however, sub-
sequent dating of mollusk shells in the formation provides strong
evidence for an Oligocene age (Casadio, Guerstein et al., 2000).

Relatively little faunal interchange occurred between the North-
ern and Southern hemispheres during the Oligocene (Fig. 3.3).
Six genera that originated in the Southern Hemisphere prior to
the Oligocene remained there. Munida Leach, 1820 and Calli-
anopsis de Saint Laurent, 1973, which had Eocene origins in the
North Pacific region, are recorded in the Oligocene of Argentina.
Calappa Weber, 1795, which first occurred in the high southern
latitudes, dispersed into Mexico during the Oligocene (Schweitzer
et a., 2002). Three genera, Menippe de Haan, 1833, Portunus
Weber, 1795, and Ommatocarcinus White, 1852, whose origins
were in the Tethyan region during the Eocene, made their first
occurrence in the fossil record of the Southern Hemisphere in the
Oligocene of New Zealand.

Absence of high southern latitude occurrences in Antarctica
results from two factors. Isolation of the continent by develop-
ment of the circum-Antarctic current system near the end of the
Eocene rendered the paleoenvironment more harsh than it had
been in the Eocene. Furthermore, there is a general absence of
Oligocene rocks in the region.

Miocene.0 The Miocene record of fossil decapodsis rich. Six-
ty-two genera have been reported from the study area, based upon
93 species-level records. Twenty-seven of the genera are recorded
in the paleotropical region at localities in Brazil, Venezuela, Trin-
idad, Barbados, Ecuador, and Peru; 41 genera, including four that
also occurred in the tropical region, are known from temperate
latitudes in Argentina, Chile, Australia, and New Zealand; and
two genera are known from a southern high latitude site on King
George Idand, Antarctica. In the polar region, Antarctidromia
Forster et al., 1985, which is a genus within the extant Homolod-
romiidae, is known from no other locality. Hoploparia, well
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known in the Cretaceous and Paleogene, is present in the Antarc-
tic as the last relict of that genus. Twelve genera made first oc-
currences in the temperate southern latitudes during the Miocene,
and six made first occurrences in the Central American Southern
Hemisphere region.

The Miocene was a time of considerable interchange of taxa
between the hemispheres (Fig. 3.2). Five genera, Typibolus Sto-
liczka, 1871; Scylla de Haan, 1833; Hepatus Latreille, 1802; Pen-
aeus Fabricius, 1798; and Parthenope Weber, 1795 appeared in
the Central American area in the Miocene. These genera were
known previously from the region of the Tethys. Portunus, known
from the Oligocene of New Zealand, and Callinectes Stimpson,
1860, known from the Eocene of Antarctica, also appeared in the
Caribbean during the Miocene. Another addition to the Caribbean
fauna at this time was Panopeus H. Milne Edwards, 1834, whose
origin was in the North Pacific. Finally, Jasus Parker, 1883 and
Lobocarcinus Reuss, 1857 appeared in New Zealand during the
Miocene, derived from rootstock in the Tethys. One probable ex-
planation for this increase in interchange between hemispheres
lies in the climatic amelioration during the Middle Miocene Cli-
matic Optimum (MMCO), which resulted in the extension of
warm water poleward in the North Pecific (Oleinik et a., 2003)
as well as in coastal waters of the South Atlantic in central Ar-
gentina (Casadio et al., 2005). This period of warming very likely
made it possible for temperate water species to disperse across
the tropics and to permit introduction of Tethyan species into
areas such as New Zealand.

Post-Miocene.[] A total of 35 genera have been recorded from
Pliocene or Pleistocene occurrences in the study area, based upon
61 species-level records. All are extant genera. With a single ex-
ception, all of the occurrences are in the temperate and tropical
latitudes. The sole exception, Linuparus from the Pliocene of Ant-
arctica (Feldmann and Quilty, 1997), is remarkable because very
few decapods are known from the circum-Antarctic region today,
and there are only two other post-Eocene occurrences of decapods
in Antarctica, both from the Miocene. Aswill be discussed below,
Gorny (1999) recently summarized extant decapod occurrencesin
the high southern latitudes and observed that some benthic and
pelagic shrimp, a few benthic king crabs, and one pelagic crab
constitute the entire known extant decapod fauna of the Antarctic.
None of the groups represented has a robust fossil record. Lith-
odids, for example, have been recorded in the fossil record only
once (Feldmann, 1998).

Temperate latitude sites in New Zealand and South Africa have
yielded 27 species-level occurrences arrayed in 19 genera. The
remaining 33 species-level occurrences in 18 genera are in the
tropical regions of Australia, Peru, and the Caribbean. Thirteen
of the genera from the southern temperate latitudes have their sole
known fossil record from that region and six genera are known
only from the tropical latitudes during this time interval.

A relatively large amount of interchange occurred from one
region to another during this time (Fig. 3.1). Four genera, Meta-
nephrops, Lyreidus, Carcinoplax H. Milne Edwards, 1852, and
Romaleon Gistl, 1848, are noted in the North Pacific region dur-
ing this time, having previously been known from the region of
Australia and New Zealand. One genus, Macrophthalmus Des-
marest, 1823, is first recorded in Australia although it had an
earlier fossil record in the North Atlantic. The temperate region
of South Africa had additions to its fauna from the Indo-Pacific
region in the form of Podophthalmus Lamarck, 1801; Atergatis
de Haan, 1833; Charybdis de Haan, 1833; and Myra Leach, 1817.
Pilumnus Leach, 1815b and Actaea de Haan, 1833, previously
known from either the North Atlantic or Indo-Pacific regions, first
appeared in the Central American region during the post-Miocene
and Ocypode Weber, 1795 dispersed from the southern temperate
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Ficure 5—Histogram of number of genera known from the study arrayed
against time intervals. Data from Table 2.

latitudes of Argentina into the Central American and North At-
lantic regions.

DISTRIBUTION, EVOLUTION, AND EXTINCTION PATTERNS

Assessing the quality of the record.r] The quality of interpre-
tations of the distribution patterns is based upon the quality of the
database upon which conclusions are drawn. For example, Kauff-
man (1973) pointed out that the systematic record of the mollusks
was fragmented enough that paleobiogeographic syntheses were
difficult to perform without reassessment of the faunal record. In
the case of paleobiogeographic studies of decapods, athough it
is thus far not possible to have stratigraphic resolution at a scale
fine enough to actually trace routes or determine precise timing
of radiation or dispersal, the problem of uniformity of systematic
treatment has largely been resolved. With very few exceptions,
all of the taxonomic determinations in this study have been ver-
ified by one or both of the authors. Many of the included families
have been revised recently by the authors in papers cited herein.
Thus, it is now possible to determine broad patterns of distribution
of lineages, provided enough data are available. In the present
study, based upon occurrences of 433 species records in 152 gen-
era, coupled with al known records of the 152 genera in other
parts of the world, it is possible to delineate generalized patterns
of origin and dispersal. The Southern Hemisphere records repre-
sent as comprehensive a survey as is currently possible. Figure 5
illustrates the number of generic occurrences arrayed against geo-
logic time. Added to the records of genera in each of the time
intervals are generathat are interpreted as having existed by virtue
of their have been recognized in earlier and in subsequent time
intervals, the so-called Lazarus Taxa (Jablonski, 1986).

The quality of stratigraphic resolution varies considerably. For
example, the stratigraphy of New Zealand has been worked out
in detail and, with the exception of very old records of occurrence
of decapods, precision of stratigraphic placement can be resolved
to the level of stage (Feldmann and Keyes, 1992). In South Amer-
ica, aswell as most other parts of the Southern Hemisphere, strati-
graphic precision typically constrains rangesto the level of system
or series, and problems in correlation arise because not enough
stratigraphic work has been done. Determination of age is made
more difficult because of the differences in index taxa from the
Northern and Southern hemispheres. Thus, if index taxa were
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defined in northern temperate regions, as is often the case, it is
difficult to determine precise Southern Hemisphere equivalents.
This explains, for example, why the New Zealand standard time
scale continues to refer to New Zealand series and stage names.
In other areas of the Southern Hemisphere, reference is commonly
made to European system and stage names; however, the prob-
lems of correlation continue to exist.

Distributional pathways.[0 The question of distributional path-
ways in the evolution of Southern Hemisphere faunas has been
examined in detail in studies of molluscan paleobiogeography. In
the context of interpretation of the decapod record, which is dis-
cussed below, severa landmark papers on molluscan paleobi-
ogeography have been published in the past 25 years. Zinsmeister
(2979) introduced the term *““Weddellian Province” to include the
southern high latitude continents of Australia, New Zealand, Ant-
arctica, and southern South America that formed a more or less
contiguous landmass throughout the Late Cretaceous and early
Paleogene. Molluscan fauna interchange throughout the Weddel -
lian Province was high, and the faunal diversity throughout the
province was low (Zinsmeister, 1979, 1982). He postulated that
the province was a discrete unit until its final fragmentation in
the late Eocene and early Oligocene (Zinsmeister, 1979). Crame
(1986, 1992, 1993) expanded upon these observations and sug-
gested that global changes in molluscan faunal composition were
strongly affected by the history of the high southern latitudes.
Crame suggested that the pal eobiogeographic patterns in the Late
Mesozoic, Paleogene, and early Neogene were largely set by vi-
cariant events as the southern continent fragmented. Faunal di-
versity in the southern continents increased as endemism in-
creased. Another possible consequence of fragmentation of the
southern continents was that it served as one of the mechanisms
to explain bipolar and amphitropical distribution of molluscan
faunas (Crame, 1993 and references therein). The patterns of
decapod distribution, as discussed herein, are largely consistent
with those outlined for the mollusks.

As discussed earlier, it is premature to develop area cladograms
of decapods in the Southern Hemisphere because the order has
not been subjected to a rigorous phylogenetic analysis and the
number of occurrences of taxa in the Southern Hemisphere is
small, relative to the area. Nonetheless, the systematic placement
of taxa within families has been confirmed by us and, although
the data are not robust enough to define the complete areas of
occurrence, there is sufficient occurrence data to present the gen-
eralizations herein.

Examination of the patterns of distribution inferred from the
occurrences of decapod genera throughout the Southern Hemi-
sphere (Figs. 1-4; Table 1) confirms that interchange of taxafrom
one hemisphere to another has been occurring throughout the Me-
sozoic and Cenozoic. The pathways depicted on the maps (Figs.
1-3) must be understood to have been drawn as the shortest path-
ways and do not necessarily imply actual routes. It is probable
that much of the dispersal occurred along continental shelf areas
rather than across broad expanses of open ocean. However, during
the Mesozoic and Paleogene, the width of the Atlantic basin was
substantialy less than it is today. Therefore, larval dispersal
across the open Atlantic was much more likely than it is today
and was an important dispersal pathway for decapods.

Another important dispersal pathway for decapods through
most of the Mesozoic and Cenozoic was the Tethys. Numerous
taxa that appear to have originated in Tethyan |ocations dispersed
east and west within the tropics (Schweitzer et a., 2002), and this
pattern was certainly enhanced by the narrowness of the Atlantic.
From a pal eobiogeographic standpoint, it is even more interesting
to note that several Southern Hemisphere taxa have moved from

one hemisphere to another both by arising in the tropics and dis-
persing into temperate latitudes or by arising in temperate |ati-
tudes in one hemisphere and dispersing into subtropical or tem-
perate latitudes in the other. These patterns are generaly referred
to as amphitropical. Similar patterns were recognized in the pa-
leobiogeography of decapods from the North Pacific Ocean
(Schweitzer, 2001; Schweitzer et a., 2002). The precise mecha-
nisms for this type of pattern in which organisms disperse across
regions with significantly different therma ranges are poorly
known. It is possible that the organisms disperse aross the tropics
by migrating through deeper, and therefore cooler, settings as dis-
cussed by Crame (1992, 1993). Another pattern, that of high lat-
itude origins of decapod taxa, is a long-term pattern that warrants
further discussion.

High latitude origins.0J The high southern latitudes as a region
of origin of new species and dispersal into lower latitudes in the
Southern Hemisphere (Feldmann and Zinsmeister, 1984b; Zins-
meister and Feldmann, 1984; Crame, 1987) and into the North
Pacific (Schweitzer, 2001) has been well documented. This pattern
is much more common than previously thought and occurred ei-
ther as organisms dispersed northward into deeper water along
thermal gradients or as they remained in shallow-water settings
and adapted to warmer water conditions. This pathway can be
recognized in the Jurassic, Cretaceous, Paleocene, and Eocene. In
the Jurassic, of the three genera known from Antarctica, Antarc-
ticheles arose in that region and one other may also have origi-
nated there. In the Early Cretaceous, 13 genera are known from
the high southern latitudes, of which seven originated there and,
of the seven, three dispersed into the Northern Hemisphere. In
the Late Cretaceous there were also seven origins of decapod
genera in the high southern latitudes. Among the Late Cretaceous
genera, four have living congeneric descendants, one was the ma-
rine ancestor to a family of living nonmarine decapods, the ae-
glids (Feldmann, 1984), and two were endemic to the Antarctic.
No high latitude origins of decapods have been noted in the Pa-
leocene; however, 10 of 25 genera known from the high southern
latitude Paleocene originated there at an earlier time, five in Ant-
arctica and five in New Zealand. Only two of these genera were
endemic to the area and, with the exception of these two, al
dispersed into other areas subsequent to the Paleocene. Seventeen
of the 25 genera known from Eocene high southern latitude oc-
currences have extant congeneric descendants. Thus, the region
has had a substantial influence on the biotic framework of modern
decapod faunas.

Subseguent to the Eocene, the development of the circum-Ant-
arctic current system effectively isolated Antarctica from the rest
of the world. It is likely that the diversity of decapods decreased
in Antarctica because of this isolation. The only post-Eocene oc-
currences of fossil decapods in Antarctica are two species on King
George Island during the Miocene and one in Queen Maud Land
during the Pliocene. Thus, following the Eocene, the high south-
ern latitudes apparently ceased to be an important site of origi-
nation for decapods.

Until fairly recently, the Antarctic region, south of the Antarctic
Convergence, was thought to be largely devoid of benthic deca
pods and limited in pelagic forms. However, recent studies sum-
marized by Gorny (1999) have recorded several decapod taxa at
latitudes as high as 78°S. The taxa present (Gorny, 1999, table 2)
include seven species of shrimp, arrayed in three families, and
four species of king crabs, within the Lithodidae, on the conti-
nental shelf of Antarctica. In addition, 12 species of pelagic
shrimp in three families and one species of grapsid crab, Planes
minutus (Linnaeus, 1758), have been collected from pelagic
trawls in the circum-Antarctic region (Gorny, 1999). From a pa-
leontological point of view, the array of taxaisinteresting because
nearly al are representatives of groups that have exceedingly
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sparse fossil records. Shrimp in general tend to be underrepre-
sented in the fossil record because they have weakly calcified
cuticle. Although lithodid anomuran crabs may have well-calci-
fied cuticle, they have been recorded in the fossil record only once
(Feldmann, 1998), probably because many of them live in outer
shelf and slope habitats that are infrequently represented in the
fossil record. Although the genus Planes Bowditch, 1825 is
known from Oligocene occurrences in the Caucasus (Glaessner,
1969), grapsids in genera are rare fossils because most live in
habitats that are not conducive to preservation.

Cretaceous/Paleogene extinction event.[] The scenario of ex-
tinction and subsequent recovery resulting in differences in com-
position between Late Cretaceous faunas and those of the Paleo-
cene have been recast many times. MacLeod and Keller (1996)
provided a summary of severa views and an analysis of the ef-
fects of the extinction events on different taxa. Some of the prob-
lems that make it difficult to determine whether the changes re-
sulted from a short-term catastrophic event or were drawn out
over a longer time interval include lack of precise stratigraphic
control, lack of exposure of fossiliferous rocks across the Maas-
trichtian/Danian boundary, and the vagaries of assessing the fossil
record. Although a protracted discussion of these problems is not
relevant here, certain observations relative to occurrences in the
Southern Hemisphere are necessary.

Stratigraphic control remains a problem when looking at oc-
currences in the Southern Hemisphere. Many of the taxa were
collected and described many years ago when stratigraphic reso-
[ution was limited. In al probability, that problem will never be
completely and satisfactorily resolved because it is difficult or
impossible to relocate the type localities and, even then, the prob-
ability of finding more specimens is low. However, in one area
of the Southern Hemisphere, the question of stratigraphic reso-
lution has been addressed, yielding very important results relative
to the K/P extinction event(s). Crame et al. (1996) examined the
stratigraphic distribution of disappearances of inoceramid bivalves
and belemnites in the James Ross Basin area of the Antarctic
Peninsula. They demonstrated disappearance of these taxa over a
time span from the Aptian into the Paleocene and demonstrated
that, with the exception of a few belemnite taxa, all were extir-
pated prior to the end of the Maastrichtian and all were gone well
before the end of the stage. Although the pattern is suggestive,
there are far too few specimens and there is insufficient strati-
graphic control of decapod distributions to extend the pattern to
decapods.

With regard to exposure of rocks of appropriate age, the prob-
lem is particularly acute with Paleocene rocks. As discussed
above, Paleocene, and particularly Danian, exposures are limited
because that interval is characterized by a period of lowstand of
sea level. Following the Paleocene, the Eocene deposits over-
lapped those of the Paleocene as this was a time of general high-
stand of sea level. Thus, although there are widespread Maastrich-
tian marine deposits around the world, the areal extent of marine
Paleocene rocks is limited and that, in turn, limits the availability
of marine fossils of that age.

Finaly, two different problems have traditionally plagued eval-
uation of faunal change across the Cretaceous/Paleogene bound-
ary. First, compilation of taxonomic lists from the literature in-
variably must involve acceptance of the systematic judgments of
others and, given that some of the work is old, it is not always
possible to have full confidence in the identifications, particularly
in the absence of good photographic illustrations. The second
problem is that, very often, different specialists devote their ef-
forts solely to Cretaceous faunas or to Cenozoic faunas to the
exclusion of faunas of other ages. This hasled to akind of “ strati-
graphic paleontological nomenclature” in which different names
are placed on fossils of different ages despite their morphological

similarities. We have attempted to reduce the magnitude of these
problems by personally examining nearly al the fossils included
in this study. The end result has been that the problems in as-
sessment of the faunal changes across the Mesozoic/Cenozoic
boundary have been reduced as much as possible. The results and
the conclusions are based upon enough taxa that the decapod
record can now be considered robust enough to be tested against
other, even more robust, taxonomic groups, and to studies of the
Cretaceous/Paleogene extinction of decapods known from other
regions (Collins and Jakobsen, 1994; Schweitzer, 2001; Schweit-
zer et al., 2002).

Evaluation of the change in faunas across the K/P boundary is
based upon the data in Figure 4 and Tables 1 and 2. A total of
19 genera of decapods are known from both Maastrichtian oc-
currences in the study area and from Cenozoic occurrences some-
where in the world, 10 of them in the Paleocene of the Southern
Hemisphere. Of these 10, two genera are known from the Central
American, paleotropical region and eight are found in the extra-
tropical Southern Hemisphere. Twenty-one genera known from
Maastrichtian occurrences in the study area do not cross the
boundary. This number includes 11 genera represented either by
single occurrences or species that are endemic to arelatively small
Southern Hemisphere region. The remaining 10 genera are known
from the study area as well as sites elsewhere in the world. Thus,
about 50% of the genera in the study area survived the boundary
event. Thisfigure is undoubtedly affected strongly by limited col-
lecting in the area, a problem that is less severe when assessing
statistics at the family level. In the North Pecific realm, the per-
centage of generic decapod extinctions was higher: 16 of 26 gen-
era, 62%, became extinct by the end of the Cretaceous (Schweit-
zer and Feldmann, 2000c, 2001b; Schweitzer, 2001; Schweitzer
et a., 2002, 2003). Of the 16 genera that did not survive the
Cretaceous, only five, 31%, are known with certainty in the Maas-
trichtian. Only three families, the Mecochiridae, Prosopidae, and
Carcineretidae, became extinct by the end of the Cretaceous.
These numbers may be biased by a small sample size relative to
that for the Southern Hemisphere. In the Central Americas, about
70% of the decapod genera became extinct by the end of the
Cretaceous; however, 61% of those genera becoming extinct had
done so before the Maastrichtian. Thus, many of the extinctions
were not a result of the end-Cretaceous event(s). This, as well as
the differing patterns in the three study areas, suggests that the
Late Cretaceous extinctions were complex and multicausal.

Statistics regarding the fate of families of decapods permit a
somewhat different conclusion. Of the 27 families of decapods
known from the Cretaceous of the study area, 23 families sur-
vived into the Cenozoic, atotal of 85%. Of the four families that
suffered extinction in the Cretaceous, only the Mecochiridae had
a globa distribution in the Cretaceous, and their diversity cer-
tainly had declined well before the end of the period (Forster,
1971). The Torynommatidae was endemic to Australiain the Ear-
ly Cretaceous but, in the Late Cretaceous its distributional pattern
becomes diffuse. Eodorippe, known from the Campanian and
Maastrichtian of New Zealand, has an earlier occurrence in Japan
(Collins et al., 1993), and Binkhorstia Noetling, 1881, which re-
cently has been assigned to the family (Glaessner, 1980; van Bak-
el et a., 2003), is known from the Maastrichtian of Europe. The
generic placements within this family must be reevaluated before
decisive pal eobiogeographic interpretations can be made. The oth-
er two families had limited distribution throughout their history.
The Retrorsichelidae were known from a single region in Ant-
arctica from a single genus. The Carcineretidae were limited to
several genera endemic to the Central American region. One ge-
nus within the family, Carcineretes, is known to occur very close
to the Cretaceous/Tertiary boundary and may, indeed, be the only
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decapod taxon clearly suffering extinction as a result of the Chix-
ulub impact (Vega et a., 1997; Feldmann et al., 1998). The over-
all pattern of survival of families across the Cretaceous/Paleogene
boundary in the study area mirrors that previously recognized
with decapod faunas elsewhere in the world (Collins and Jakob-
sen, 1994; Schweitzer, 2001, Schweitzer et al., 2002). In the North
Pacific, eight of the nine families, 89%, known from Cretaceous
rocks survived into the Paleocene (Schweitzer, 2001). Of the
decapod families known from Cretaceous rocks of the Centra
Americas, only the Dakoticancridae and Carcineretidae, which
were endemic to the region, and the Etyiidae Guinot and Tavares,
2001, became extinct. The remainder of the families, at least 14
and perhaps more, survived into the Paleocene. The decapods, at
least at the family level, were not severely affected by the bound-
ary “‘extinction” event.

SUMMARY AND CONCLUSIONS

Knowledge of the geological record of fossil decapod crusta-
ceans in the Southern Hemisphere has grown rapidly in the past
two decades and has now reached the level where it is possible
to attempt a paleobiogeographic synthesis. Verification of nearly
every one of the 441 species-level records, in 154 genera, has
provided a database that is both internally consistent and that can
be readily compared to decapod records that have been similarly
verified in the North Pacific and Central American regions.

Decapod crustaceans have been described in rocks in the South-
ern Hemisphere, ranging in age from Early Triassic to Pleistocene;
however, the Triassic occurrences are limited to endemic shrimp
taxa in Madagascar that do not presently provide paleobiogeo-
graphic information. In the Jurassic a pattern of high latitude or-
igin of decapod taxa is first recognized and this pattern persists
into the Eocene. Although some of the taxa that originated in the
high southern latitudes remained endemic to that region, numer-
ous of them were progenitors of genera that later appeared in
shallow- and deepwater assemblages throughout both hemi-
spheres. At least one genus, Homolodromia, that evolved in the
Late Cretaceous of New Zealand, survives today.

The distributional patterns of Southern Hemisphere decapods
document a long history of interchange of taxa between the
Southern and Northern hemispheres. This pattern is first observed
in the Jurassic and is a prominent distributional pattern throughout
subsequent time intervals. Although some of this interchange oc-
curs within the tropical and subtropical regions, a significant num-
ber of taxa are known from temperate and high latitude occur-
rences in both hemispheres, the so-called amphitropical and/or
bipolar distributions. These distributional occurrences have been
interpreted to have been possible by means of passage through
the tropica regions along deeper, cooler water pathways. Inter-
change between hemispheres during the Miocene was enhanced
by general amelioration of oceanic temperatures as a result of the
MMCO.

Patterns of endemism changed throughout the history of de-
velopment of Southern Hemisphere decapods. Early history, at
least into the Late Cretaceous, was marked by a kind of Gond-
wanan distribution with similar taxa inhabiting broad regions of
the southern continents, including the Weddellian Province.
Breakup of the southern continents in the Paleogene resulted in
increased endemism so that highly endemic faunas characterize
Eocene occurrences, and endemicity remained fairly high there-
after. That pattern was probably strengthened by the onset of the
circum-Antarctic circulation pattern that was initiated near the
close of the Eocene and has persisted, and generally strengthened,
to the present. Development of that circulation pattern aso
marked a severe decline in the influence of the high southern
latitudes on global decapod distributions.

The magnitude of the effect of the Cretaceous/Paleogene ex-
tinction event on Southern Hemisphere decapods seems to be of
similar magnitude to that documented in Europe, the North Pa-
cific, and Central America. The percentage of genera that do not
cross the K/P boundary is about 50%; however, 85% of families
survived the event. Lack of precise stratigraphic resolution in
some Southern Hemisphere occurrences obscures detail of the ex-
tinction patterns, but it appears that most extinctions in the Cre-
taceous occurred either in the Campanian or the very early Maas-
trichtian; only a few taxa can be documented to survive up to the
end of the Cretaceous and then become extinct.

Although the precision of the distributional patterns of South-
ern Hemisphere decapods will undoubtedly be improved with ad-
ditional discovery and interpretation of faunas, the patterns de-
scribed herein mark the first attempt at a global-scale synthesis
of paleobiogeographic patterns. The magnitude of the database is
now great enough to make such a synthesis possible. Subsequent
work on the phylogeny of the Decapoda, coupled with additional
records of occurrence, will permit more rigorous methods of an-
alyzing the biogeographic patterns. It is hoped that this work will
serve as a stimulus for workers to expand our knowledge of the
fauna of those regions as well.
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