
Paleobiogeography of the Ancient Pacific 

Cathryn R. Newton proposes (1) a pan- 
tropic model invoking eastward, trans-Pacif- 
ic dispersal to explain fossils of Tethyan 
(Ocean) affinity occurring in Paleozoic and 
lower Mesozoic rocks of the American Cor- 
dillera. The pantropic model is held to be 
preferable to the displaced terrane and the 
Hispanic Corridor models. 

It is difficult to find convincing arguments 
for a pervasive longitudinal component in 
the displacement of most allochthonous ter- 
ranes. The main exception is the Cache 
Creek terrane (confused with the Cassiar 
terrane in Newton's figure l), which con- 
tains Permian faunas of Tethyan (Ocean) 
affinity that differ from coeval faunas in 
flanking terranes (2); this situation is diffi- 
cult to square with the pantropic model. 
Permian (2) and Jurassic (3) faunas link 
nearly all the other terranes to the eastern 
Pacific, where most of them were involved 
in tectonic interaction with each other and 
with the craton during the Triassic and 
particularly the Middle Jurassic, when the 
Cache Creek ocean basin closed (2, 4). 

While it is too speculative to hypothesize 
a Hispanic Corridor (a seaway linking the 
Pacific and Tethyan oceans) for the pre- 
Jurassic world, this is not the case for the 
Jurassic. Early Jurassic marine strata are 
known from deep-sea drilling off Morocco 
and eastern Canada, and drilling off the 
Blake Bahama plateau shows Callovian sedi- 
ments resting on oceanic basalt. At the 
western end of what would have been the 
Corridor, in eastern Mexico and Venezuela 
(5), Early and Middle Jurassic marine rocks 
have been found. The possibility of a marine 
strait floored by ocean basalt in the Middle 
Jurassic preceded by a marine connection 
across the continental crust in the Early 
Jurassic is not precluded by the present 
meager geologic evidence. 

The Tethyan realm is recognized in the 
Jurassic as a low latitude, circumglobal bio- 
geographic unit. Within this realm, certain 
Early Jurassic organisms are restricted to the 
eastern Pacific and the western end of the 
Tethyan Ocean, pointing to a Hispanic Cor- 
ridor as the most viable means of maintain- 
ing genetic continuity between these popu- 
lations [(3), and references therein; (6)]. 
The work on the bivalve Weyla is particular- 
ly interesting, but Weyla first occurs in the 
east Pacific, where it lived throughout the 
Early Jurassic. It did not appear in the 
western Tethys Ocean until the Pliensba- 
chian, which implies an eastward, not a 

westward, migration through the Corridor 
at that time (6). It spread further eastward 
into Tethys during the Toarcian. The His- 
panic Corridor model is also supported by a 
quantitative study of bivalve endemism con- 
ducted by Hallam (7) showing progressive 
faunal convergence between the western 
Americas and Europe from the Early to the 
Middle Jurassic. 

As always, paleobiogeographic, geophysi- 
cal, and geologic evidence must be in agree- 
ment for a hypothesis to be acceptable. 
Work on the apparent polar wander path for 
North America indicates a change in abso- 
lute plate motion for North America associ- 
ated with rifting in the central Atlantic and 
the .Gulf of Mexico (8) during the Late 
Triassic to the Early Jurassic (Camian to 
Pliensbachian) ; active drifting occurred there- 
after. This plate reorganization correlates with 
Late Triassic to Early Jurassic structural defor- 
mation on the western margin of North 
America, culminating in the.so-called Dunlap 
and Ochoco orogenies in Nevada and Ore- 
gon, respectively, now known to have oc- 
cuqed in the Pliensbachian (8, 9). 

Caution is necessary in using the Indo- 
West Pacific province as an analog for, and 
in support of, a Permo-Triassic pantropic 
model. At the time of Pangaea, the Pacific 
was some 3000 km wider than it is now, and 
Fallaw (10) has demonstrated that its effec- 
tiveness as a barrier to dispersal declined 
steadrly after the Early Jurassic, when the 
ocean began to narrow. Modern biogeo- 
graphic data that would have a more realistic 
bearing on this problem concern those 
Indo-West Pacific faunas from the margin of 
Africa (rather than the western Pacific) that 
have dispersed to the western ~mericas.  
Such a distance begins to approach the 
width of the Permo-Triassic Pacific, but it is 
not clear from Newton's report how com- 
mon such distributions are. It can also be 
argued that the probability of transoceanic 
dispersal is much greater in the modern 
Pacific because the latitudinal temperature 
gradient is high, the eastern portal of Tethys 
is closed, and the Panamanian land bridge 
exists, all of which increase current strength 
by enhancing gyral circulation (1 1). 
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Newton (1) presents a pantropical model 
of steady-state dispersal across the ancient 
Pacific "Panthalassa" ocean to explain the 
affinities of Permian to Jurassic biotas occur- 
ring in the former Tethys and in displaced 
terranes of Cordilleran North America. This 
model is built on a number of loosely con- 
nected ideas supported with data that do not 
appear to withstand critical examination. 
Growing evidence that a series of oceanic 
and continental fragments originating in the 
western or central Panthalassa were swept 
across this ocean, eventually to become ac- 
creted to both the eastern and western Pacif- 
ic margins (2), imparts special meaning to 
"Tethyan" occurrences within these regions. 
In arguing against long-distance tectonic 
displacement of terranes, a call is made for 
Tethyan province biotas being pantropical 
in their dispersal, with decreasing diversities 
across the former Pacific Ocean basin. 

In this context, we believe Newton's com- 
parisons between the present Pacific and the 
Panthalassa are not entirely valid. In the 
Permian and Jurassic, species diversities ap- 
pear to have been orders of magnitude less, 
and Pangaea reconstructions including the 
Tethys seaway produce a much wider and 
differently configured ocean than exists to- 
day. Also the proposed steady-state, diversi- 
ty attenuation model rests on Newton's 
statement (p. 389) that an eastward decrease 
exists in the proportion of both Permian and 
Triassic Tethyan faunas found within Cor- 
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dilleran localities. This has not been docu- 
mented. There is little difference in the 
diversitv of Late Triassic reefal cnidarians 
and sponges in terranes in central-western 
Nevada, western Idaho, the Yukon, and 
southeastern Alaska; and their diversities are 
similar to those of biotas in the distant 
Alpine Tethys (3-5). Newton may find low 
Tethyan affinities among Triassic bivalves, 
but we disagree with her statement (p. 388) 
that " 'Tethyan' species represent only a 
minor part of the diversity in most Cordille- 
ran terranes." Most Triassic terranes contain 
sponges, spongiomorphs, corals, bivalves, 
ammonites, brachiopods, crinoids and mi- 
croproblematica, which are 52 to 100% 
~e ;hyan  (3-6). Among these, a number of 
species are found to occur only in the west- 
ern Tethys and in specific Cordilleran ter- 
ranes. To say that Tethyan species are pan- 
tropical because they can also be found in 
western North America, Peru, south China, 
Japan, and Siberia is unjustified because 
such species also occur within suspect ter- 
ranes. Without knowledge of the geograph- 
ic location and extent of displacement of 
these circum-Pacific terranes, we believe one 
cannot say they support a valid pantropical 
model. Triassic species of non-Tethyan cor- 
als known only from a Siberian terrane and 
two terranes ob opposite sides of the Pacific 
in Cordilleran North America (4) could be 
interpreted as the kind of mirror image 
expected if both originated together in the 
ancestral Pacific and subsequently were tec- 
tonically dislocated to adjacent sides of the 
Pacific. 

Permian biotas do not fit the model. 
Biotas in tropical areas of Asia and cratonal 
North America are very distinct, and 
neoschwagerinid hsulinids and waageno- 
phyllid corals are indicators of Tethys be- 
cause there was so little dispersal across the 
Pacific Ocean basin. Only one occurrence of 
neoschwagerinids is known in cratonal 
North America, and the few North Ameri- 
can occurrences of waagenophyllids are in 
displaced terranes. Supposed mixtures of 
Tethyan and North American species in the 
eastern Klamath and Hayfork terranes are 
not real, because (i) the eastern Klamath 
terrane contains highly endemic biotas from 
a third province with very few Tethyan taxa, 
and (ii) the Hayfork terrane is a collage of 
rocks that was not assembled until the Trias- 
sic (7), thus providing no evidence of Permi- 
an biogeography. 

Temporal changes in biogeographic pat- 
terns dictated by the longitudinal displace- 
ment model can be tested with faunal data 
from the Wallowa terrane. Well-dated late 
Triassic reefal biotas show strong Tethyan 
components, while a Jurassic biota nearly 50 
million years younger yields corals and mol- 

lusks unrelated to those of Tethys and close- 
ly related to those of the craton (8). Such 
changing temporal patterns suggest tectonic 
terrane convergence toward North America, 
resulting in isolation from the Tethys and 
free larval exchange with cratonal faunas. 

There is paleomagnetic evidence of signif- 
icant amounts of longitudinal (tectonic) 
movement in many of the Cordilleran ter- 
ranes. Terrane trajectory paths based on the 
goodness of fit of paleomagnetic data (9) 
suggest that for some terranes like Wrangel- 
lia that from only the Middle Jurassic to the 
time of cretaceous accretion to North 
America more than 60" of eastward displace- 
ment is accountable. Wrangellia is one ter- 
rane "most generally accepted as truly exotic 
to North America" (10). 

Without concrete evidence of diversity 
attenuation across terranes, a pantropical 
model is difficult to apply to biotic patterns 
from Cordilleran terranes. On the other 
hand, the longitudinal displacement idea is 
testable. Faunal similarity data can be tested 
(i) against projected relative motions of 
Pacific terranes derived from paleomagnetic 
data, (ii) by recognition of species restricted 
exclusively to the western Tethys and specif- 
ic terranes, (iii) with endemic patterns with- 
in groups of oceanic terranes and mirror- 
image patterns occurring on adjacent sides 
of. the Pacific, and (iv) by recognizing 
changing temporal patterns of paleogeo- 
graphic affinities. 
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Response: I thank my colleagues Paul 
Smith, Gerd Westermann, George Stanley, 
and Thomas Yancey for their comments. I 
particularly appreciate Smith and Wester- 
mann's comments and corrections concern- 
ing the distribution of the important Juras- 
sic bivalve Weyla and Stanley and Yancey's 
information concerning their unpublished 
work on Permian through Jurassic faunas 
(their references 7 and 8). These two groups 
present five summaries of the two different 
models-marine corridors and longitudinal 
displacement-that have traditionally been 
used to account for "Tethyan" faunal anom- 
alies in the American Cordillera. It was 
precisely this disparity in corridor-versus- 
displacement interpretation of "Tethyan" 
Cordilleran faunas that prompted me to 
propose an alternative, steady-state hypothe- 
sis of pantropic dispersal, against which 
these other models can be tested. 

I propose a more general, dispersal-based 
pantropic model (1) that can provide an 
effective starting point for paleobiogeogra- 
phic testing. I suggest that a steady-state 
model should be tested first and that only 
where faunal anomalies are quantitatively 
beyond that expected by dispersal models 
should other hypotheses, such as corridors 
and longitudinal displacement, be invoked. 
The goal of this dispersal-based model is to 
provide a general, initial model that can be 
tested before ad hoc explanations of marine 
corridors or longitudinal displacement are 
invoked. My article did not suggest that 
marine corridors cannot exist or that longi- 
tudinal translation has not taken place; these 
can be plausible explanations. Rather, I pro- 
posed a new protocol for paleobiogeogra- 
phic testing that involves explicit, quantita- 
tive consideration of dispersal mechanisms 
before alternatives are invoked. In few previ- 
ous studies (2) has dispersal been given 
thorough consideration. 

The pantropic model makes only two 
modest claims for comparison between the 
modern tropical Pacific and the ancient Pa- 
cific basin (sometimes called Panthalassa) . 
First, it asserts that some ancient species 
likely had teleplanic larvae (3) comparable to 
those of modern invertebrates. This is a 
reasonable assertion, if one judges from the 
numerous studies that have compared the 
larval shell morphology of living and fossil 
invertebrates (4). Second, equatorial marine 
species dispersing by means of teleplanic 
larvae from the Tethyan seaway into other 
regions would likely show a gradient of 
attenuated "Tethyan" diversities comparable 
to the attenuated diversities of Indo-West 
Pacific (IWP) species in the central and 
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eastern Pacific ocean today (5, 6). For west- 
ern American cratonal sites and for terranes 
that originated in the eastern proto-Pacific, 
one would expect to find attenuated "Teth- 
yan" diversities that might be as high as 50% 
[by comparison with modern, insular faunas 
of Clipperton Island, for example, (41, but 
would ordinarily be somewhat lower 
(-20% or lower for molluscan taxa) [see 
discussion in (I)]. 

The most important-and surprising- 
element in the pattern of "Tethyan" Cordil- 
leran fossils is the occurrence of "Tethyan" 
species (usually in minor proportions) in 
both cratonal and parautochthonous rocks 
of the Cordillera, as well as in the allochtho- 
nous terranes. The existence of such "Teth- 
yan" taxa in a broad range of invertebrate 
groups in cratonal or craton-related sites 
provides strong evidence that these orga- 
nisms did disperse across the vast proto- 
Pacific ocean basin. This key observation 
was documented in my article, but is not 
mentioned in either of the comments. 
"Tethyan" taxa represented in cratonal and 
parautochthonous terranes of the Cordillera 
include (but are not restricted to) scleractin- 
ian corals, brachiopods, bivalves, ammo- 
noids, microcrinoids, and conodonts (1, 7, 
8). Since publication of my article, evidence 
of such pantropic distributions has contin-' 
ued to increase (7, 8). There is also evidence 
from the cratonal Permian Basin of west 
Texas for one species of neoschwagerinid 
fusulinids (9), a group widely believed to be 
a "Tethyan" indicator in the western Cordil- 
leran terranes (10). In view of the cratonal 
nature of the west Texas Permian basin, 
Stevens (11) proposed a short-lived, Pan- 
gaeic marine corridor to explain this neosch- 
wagerinid occurrence. I offer an alternative 
explanation: the west Texas neoschwager- 
inid occurrence likely represents a low-diver- 
sity occurrence of broadly dispersed "Teth- 
yan" fusulinids on the western North Amer- 
ican continent. Ironically, then, one of the 
two Permian groups used by Stanley and 
Yancey to support the longitudinal-displace- 
ment model may actually provide a nice 
example of an attenuated, pantropic distri- 
bution. 

In addition to larval shell morphology 
and broad geographic ranges, another fea- 
ture of ancient pantropic taxa is that certain 
ecological groups may be differentially rep- 
resented. As an example, among modern 
IWP bivalves occurring in the eastern Pacif- 
ic, most are attached species (epibyssate or 
cemented) or borers (6). It is therefore 
striking that of the seven bivalve genera 
from the Wallowa terrane cited in my article 
(1, p. 387) as having "Tethyan" aikiities, all 
are attached: five show evidence of byssal 
structures and two are cementers (12). In- 

deed, in reviewing the whole discussion of 
Triassic bivalve genera with "Tethyan" a i h -  
ities, I found only one-Palaeonucula, a bur- 
rower-that is an exception (Palaeonucula 
was a broadly distributed genus in Triassic 
time). 

Given the complex history of accretion 
that has characterized the North American 
Cordillera-particularly the large-scale 
strike-slip faulting that has tectonically re- 
shuffled the terranes of the western Cordille- 
ra-it is unlikely that simple east-west bio- 
geographic gradients will be preserved ev- 
erywhere along the western Cordillera. 
However, as I outlined in my article, such a 
trend has been reported for some California 
terranes (13), Permian faunas of the Death 
Valley region lived on the North American 
margin; the eastern Klamath faunas have 
North American ties in the early Permian, 
but "Tethyan" ties in the late Permian; and 
the western Klamath region (Hayfork ter- 
r ~ e )  contains limestone masses that yield 
"Tethyan" fusulinids and waagenophyllid 
corals. Luken et al. conclude, "thus, the 
faunas suggest that the eastern Klamath 
Mountains lay between the western Klam- 
aths and North America. . . and that there 
has been an enormous amount of shortening 
since then" (13, p. 367).'Stanley and Yancey 
have challenged this interpretation on the 
grounds that the eastern Klamath terrane 
does not contain a mixture of North Ameri- 
can and 'Tethyan" fossils. The published 
literature on the subject contains some con- 
flicting results: for the eastern Klamath ter- 
rane alone, some studies have found North 
American faunas, others have described 
mixed North American and "Tethyan" as- 
semblages, and still others have recorded 
distinctive, endemic taxa (14). Watluns and 
Wilson have argued that Yancey and Hang- 
er's model of a spatially isolated eastern 
Klamath terrane that originated far from 
North America is not consistent with ob- 
served occurrences of Palaeoaplysina, which 
require that there was some faunal exchange 
with North America during Permian time 
(15). Tfiere is also evidence of temporal 
variation in the influx of "Tethyan" species 
in assemblages of the eastern Klamath ter- 
rane (13-15). 

I agree wholeheartedly with my col- 
leagues that the late Paleozoic-early Meso- 
zoic proto-Pacific ocean was larger than its 
modern counterpaft and that there are con- 
siderable uncertainties regarding the pat- 
terns of circulation in this enormous ocean. 
However, I do not agree that this larger size 
and different configuration rule out pantro- 
pic dispersal as an important mechanism. 
For one thing, as my article noted, there 
have been no quantitative models yet devel- 
oped for latest Paleozoic-early Mesozoic 

global paleocirculation. A recent, quantita- 
tive reappraisal of Cretaceous circulation 
provided some surprises: predominant cir- 
culation in the Tethyan seaway was found to 
be eastward-, rathe; than weskard-directed 
(16). Until such modeling is done for earlier 
intervals, we should not presume that broad 
equatorial circulation was not possible for 
the Paleozoic-early Mesozoic ocean; in- 
stead, we should look directly for faunal 
evidence of the extent of dispersal. The 
cratonal and parautochthonous occurrences 
of "Tethyan" taxa mentioned above argue 
strongly for dispersal across this enormous 
ocean. 

Much of the comment by Smith and 
Westermann concerns the timing of origin 
of the Hispanic Corridor, the inferred Juras- 
sic seaway that extended from the western 
Americas to western Tethys. My article dealt 
only with the problem of pre-Middle Juras- 
sic "Tethvan" occurrences in the Cordillera. 
and henck much of their discussion is not 
strictly relevant to my arguments. Since in 
the Blake-Bahama-Gulf of Mexico region " 
the oldest ocean crust with overlying sedi- 
ments is of Callovian (latest Middle Jurassic) 
age (17), there is considerable doubt as to 
whether during Early Jurassic time a marine 
connection existed in the Central America- 
Gulf of Mexico region. The statement by 
Smith and Westermann that there are Earlv 
Turassic marine sediments on both ends of 
the corridor therefore seems overoptimistic. 
Although early Jurassic (Sinemurim?- 
Pliensbachian) marine strata are known 
from the Huayococotla Formation in Mexi- 
co and were initially interpreted as the be- 
ginning of a throughgoing rift in the Gulf of 
Mexico (18), more recent and extensive re- 
gional surveys suggest that "the Huayaco- 
cotla does not mark the beginning of contin- 
uous marine deposition in the circum-Gulf 
region" (19, p. 326). These studies consider 
the Huayococotla and related sediments in 
Mexico as "pre-opening sedments" (19, p. 
328). Thus, the isolated marine basins with 
Lower Jurassic sediments in Mexico and 
Morocco evidently do not interconnect. 
Other Jurassic marine occurrences cited by 
Smith and Westermann, such as the Vene- 
zuela locality, are of Middle Jurassic age (20) 
and hence were explicitly younger than any 
of the case studies considered in mv article. 
In summary, there is no substantive sedi- 
mentological evidence for a trans-Pangaeic 
marine connection between the eastern Pa- 
cific and west Tethys until at least Middle 
Jurassic time. Even faunal data, as presented 
in the excellent studies of Hallam (21) and of 
Damborenea and Mancefiido (22). show no 

\ ,, 

indication of interconnection until the late 
Early Jurassic (P1iensbachian)-again, an 
age younger than that of the Jurassic "Teth- 
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yan" faunas I was considering. 
Stanley and Yancey misrepresent the 

available evidence on the "Tethyan" fre
quencies in Triassic terrane assemblages. Al
though it is true that Stanley and his co
workers find high "Tethyan" frequencies 
among Late Triassic scleractinian corals in 
Cordilleran terranes, cratonal North Ameri
can scleractinians of this age are poorly 
known; hence, it is not likely that "North 
American affinities" would be the result of 
investigations on Cordilleran Triassic corals. 
In contrast, for invertebrate taxa for which 
there is abundant North American cratonal 
representation (for example, mollusks and 
brachiopods), relative "Tethyan" frequen
cies are much lower, and a mixed North 
American-"Tethyan" signal is more often 
observed. Stanley and Yancey do not cor
rectly portray the "Tethyan" frequencies in 
bivalves from Cordilleran terranes. My arti
cle and previous papers (1, 9, 23) have 
clearly shown that for bivalves, which are 
represented in craton-bound, parautochth-
onous, and allochthonous terranes, "Teth
yan" frequencies are low (18 to 19% for 
early Norian; possibly as low as 10% for late 
Norian). Stanley and Yancey also also err in 
stating that brachiopods show overwhelm
ing (52 to 100%) affinities in the Cordille
ran terranes. Although little has been pub
lished on Triassic Cordilleran brachiopods, 
and Stanley and Yancey cite no brachiopod 
systematics papers in support of their state
ment, Ager (24) has shown that the brachi-
pod Halorella occurs both in the Tethyan 
seaway and in several localities in Oregon 
and Nevada; of these two species (H. amphi-
toma and H. cf. H. ancilla)^ H. amphitoma has 
a broad distribution within Tethys and has 
been found in the Alps, in the Pamir region 
of the U.S.S.R., and on the island of Seram, 
as well as in the Cordilleran sites. The 
distribution of H. cf. H. ancilla was not 
discussed in detail by Ager. Even more 
significantly, a new database on Cordilleran 
Late Triassic cyrtinoid spiriferinaceans (8) 
indicates that only two of nine species 
(22%) of these articulate brachiopods occur 
in the Tethyan seaway; both of these Zug-
mayerella species are broadly distributed 
tropical species, which indicates a pantropic 
distribution. 

A recurring problem for the longitudinal 
displacement model has been to design ade
quate and convincing scientific tests of the 
model. I have suggested a protocol for such 
testing (1, p. 390), but Stanley and Yancey 
have not presented these sorts of tests. They 
state that temporal variation in the frequen
cy of "Tethyan" components provides a 
yardstick for longitudinal displacement of 
terranes. In fact, although spatial proximity 
may sometimes govern such patterns, cli

matic variation can also cause the expansion 
and contraction of longitudinal distribution 
of equatorial species. A short-term example 
of this is provided by recent documentation 
of multiple species of IWP organisms invad
ing the eastern Pacific as a result of El Nino 
events (25). Longer term climatic variations 
affecting geographic ranges of Tethyan sea
way species have been documented by Pic-
coli et al. (26) and were also reviewed in my 
article. Since climate clearly exerts a major 
control on the expansion and contraction of 
distributions of equatorial organisms, varia
tion in frequency of "Tethyan" species does 
not provide a simple index for longitudinal 
terrane motions. 

Stanley and Yancey, in suggesting that 
paleomagnetic evidence can locate terranes 
with respect to longitudinal position, do not 
correctly portray the implications of recent 
paleomagnetic models for terrane motion 
presented by Debiche et al. (27). These 
models were designed "in order to establish 
the southern and western limits to possible 
points of origin of terranes within the proto-
Pacific ocean (27, p. 1); they therefore pro
vide trajectories from the most distant points 
of origin for terranes within the basin, given 
known interactions of oceanic plates over 
the last 180 million years. These models do 
not provide unique positions for any indi
vidual terrane; for most case studies, the 
authors provided several possible trajector
ies. There is the further constraint, not 
mentioned by Stanley and Yancey, that for 
the eastern Pacific, only the Kula, Farallon, 
and Pacific plates are included; any addition
al plates involved in terrane motion could 
change the model appreciably. Moreover, 
the motions implied by these models are 
sensitive to variations in docking times for 
individual terranes. In conclusion, these pa
leomagnetic models are excellent, but they 
should not be applied more literally than 
their authors intended. 
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