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Comment (1) on “Formation of the Isthmus of Panama”
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A review and reanalysis of geological, molecular, and paleontological data led O'Dea et al. () to propose (i) that reports
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by Montes et al. (2) and Bacon et al. (3) regarding a middle Miocene closure of the Central American Seaway (CAS) are
unsupported, and (ii) a new age of the formation of the Isthmus at 2.8 million years ago (Ma). Here, we reject both of

these conclusions.

THE CAS

An unambiguous definition of the CAS is critical to any discussion re-
garding the Isthmus of Panama, yet O’Dea et al. (1) failed to provide
one. O’'Dea et al. (1) appear to suggest that the CAS is any body of water
connecting the Caribbean with the Pacific Ocean. In contrast, papers
from our research group (2-6) have explicitly restricted the term CAS
to the “oceanic seaway along the tectonic boundary of the South
American plate and the Panamanian microplate” (3). Although our
definition was ignored and/or misrepresented by O’Dea et al. (1), this
is the definition that we maintain here when referring to the CAS. This
definition is far more than a semantic issue because deepwater flow
often occurs along tectonic boundaries, and both modeling and em-
pirical data indicate that the blockage of deep and intermediate waters
(>200- to 500-m depth) across the Isthmus affects global oceanogra-
phy at least as much as the blockage of shallow waters (6).

MONTES ET AL. (2015)

O’Dea et al. (1) dismiss the geological data presented in Montes et al. (2)
using two main lines of argument. First, O’Dea et al. (I) state that “sedi-
ments of the Atrato Basin were connected with the Uraba Basin entirely
unaffected by the Cuchillo Hills.” Their statement is based on modeling
of seismic and gravimetric data by Garzon-Varon (7), which lacks em-
pirical evidence of age and accumulation environments of strata in the
Uraba Basin. O’Dea et al. (I) do not present any additional evidence to
support their interpretation that sediments of the southern Uraba Basin
are early Pliocene in age and accumulated in marine environments with
Pacific connections. The Atrato hydrographic basin is characterized by
high rainfall (averaging 4944 mm/year) and high water discharge
(2740 m? s7") (8). Therefore, it is equally possible that sediments ob-
served in the seismic lines of Garzon-Varon (7) are fluvial deposits of
the Atrato River. Furthermore, the geological interpretation of the cross
section [Figure 8.2 in the study by Garzon-Varon (7)] shows sedimen-
tary cover being disrupted by the Cuchillo Hills rather than being “en-
tirely unaffected,” as O’Dea et al. (1) suggest.

Second, O’Dea et al. (1) state that “the true extent of Eocene zircons
in the region [South American Block] categorically negates the asser-
tions of Montes [that middle Eocene zircons found in Miocene sedi-
ments in the South American Block are derived from the Panama
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Block].” To support this statement, O'Dea et al. (1) present 131 ages
of possible South American sources [table S2 in the study by O'Dea
et al. (I)] and conclude that the zircons reported in Montes et al. (2)
could also be derived from the South American Block. This collection
of ages ignores hundreds of published magmatic and detrital ages [for
example, (2, 9, 10-15)]. Among the 131 ages presented by O’Dea et al.
[table S2 in the study by O’Dea et al. (1)], 118 ages cannot be considered
as valid ages for a possible source rock derived from South America
(Table 1). They include 41 K/Ar and Ar/Ar dates that record magmat-
ic cooling rather than crystallization and therefore could not have
affected the ages of zircons, 36 from rocks that are west of the suture
and therefore belong to the Panama Block (16, 17), 23 are K/Ar and
Ar/Ar ages in metamorphic rocks that record reheating and cooling
due to intrusives older than 50 Ma (18), 11 ages reported as Eocene
correspond to Cretaceous ocean floor sequence basalts (19, 20), 4 are
of an unreported rock type, 2 date veins in Cretaceous rocks, and
1 lacks geographic coordinates (Table 1 and Fig. 1). The remaining
13 ages of table S2 of O’Dea et al. (2) that did date South American
source rocks are significantly older than the middle Eocene Panamani-
an signal reported in Montes et al. (2) (¢ test, P<0.001, df = 19.8; Fig. 1). In
summary, the arguments O’Dea et al. (1) used to dismiss Montes et al. (2)
are not supported by the data presented or available in the literature.

BACON ET AL. (2015 A, B)

The goal of the study by Bacon et al. (3) was to test the assumption
that “no vicariant date [3.5 Ma] is better dated than the Isthmus” (21).
O’Dea et al. (1) dismiss the molecular results using analysis derived
from a single gene presented by Bacon et al. (3, 22). They further in-
dicate disagreement with the use of a universal rate of mitochondrial
DNA (mtDNA) divergence and point out that several published data
sets had not been included in the study [despite the fact that the latter
has already been addressed (22)]. To circumvent these issues, O’Dea et al.
(1) compiled data to examine a “corresponding concentration of [marine]
divergences...to imply a common geological cause.” Here, we used the
data presented in O’Dea et al. [table S3 in the study by O’Dea ef al.
(1)] to explicitly examine the temporal distribution of vicariance events
using a nonhomogeneous Poisson process to infer statistical signif-
icance of rate shifts [table S1 and Fig. 2; following Supporting In-
formation 1.6 from the study by Bacon et al. (3)]. Both our results
and those shown by O’Dea et al. (Fig. 3) (1) fully support the con-
clusions of Bacon et al. (3, 22), showing two rate shifts of vicariance,
one increase at 12 Ma (14.77 to 9.76 Ma) and another decrease at
3.01 Ma (4.65 to 1.61 Ma). These results propose a scenario of ongoing
divergence of geminate species over several million years as a function
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Table 1. Annotated table S2 of O’Dea et al. (7).

Record # Lithology Age (Ma) Error (Ma) Method Latitude Longitude Comment*

1 Dacite 339 0.7 K/Ar wr 2.56 -76.69 Cretaceous ages

continued on next page

Jaramillo et al., Sci. Adv. 2017;3:e1602321 14 June 2017 20f 8

/102 ‘vT aunr uo /Bio°Bewasuslos saoueApe//:diy woly papeojumoq


http://advances.sciencemag.org/

SCIENCE ADVANCES | TECHNICAL COMMENT

Record # Lithology Age (Ma) Error (Ma) Method

Latitude Longitude

Comment*

37 Amaime Fm. 42.0 13.0 Ar/Ar wr

continued on next page
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3.70 —-76.18

Unreported rock type
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Record # Lithology Age (Ma) Error (Ma) Method

Latitude Longitude

Comment*

75 Santa Marta batholith (granodiorite) 483 0.9 Ar/Ar Hb

continued on next page
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Cooling age
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Record # Lithology

Age (Ma) Error (Ma) Method

Latitude Longitude Comment*

113 El Hatillo stock (quartz diorite)

0.7 U/Pb Zr Not Panamanian signal

131 Manizales stock

0.7 U/Pb Zr 5.12 Not Panamanian signal

*Comments:
text and Fig. 1.

1) Not Panamanian signal: These ages, although representing South American rocks, are significantly older than the middle Eocene signal. See
2) West of suture: Rocks that are located west of the Uramita suture and therefore belong to the Panama-Choco block or oceanic terranes

west of the South American realm. The suture was defined by Duque-Caro (76), and its corresponding trace in the Gelogic Map of Colombia is to the south (77).
See Fig. 1. 3) Cooling age: Ages indicate cooling, not magmatism. For instance, table S2 of O'Dea et al. reports several ages for a single site of Santa Marta
batholith including a U/Pb in zircon of 50.1 + 0.7 Ma (record #84), as well as Ar/Ar ages of 48 to 47 Ma in hornblende (records #75 and #66), 44 to 43 Ma age in
biotite (records #47 and #46), and 40 Ma in K-feldspar (records #25 to #27). This succession shows the gradual cooling of the batholith. By the time the Ar/Ar
system closed in K-feldspar at 40 Ma, zircons in the same pluton were already 10 million years old. Thus, detritus derived from this body will therefore yield
zircons in the 50-Ma range rather than the 40-Ma range as O’'Dea wrongly assumed. 4) Metamorphic age: These ages reflect metamorphic cooling or
reheating events unrelated to magmatism. These metamorphic rocks are intruded by plutonic rocks older than 50 Ma (78), therefore being older. 5) Vein
unrelated to magmatism: These ages date veins in Cretaceous rocks associated to deformation, not magmatism. 6) Cretaceous ages: These Eocene ages
had been previously dismissed by (79), because they were obtained in Cretaceous ocean floor sequence basalts. These Eocene ages are therefore unreliable and

most likely related to heating and cooling by the thermal effects of well-dated Cretaceous and Miocene intrusions (34).
knowledge of the rock type dated, it is impossible to assess the meaning of the age.

assess the meaning of the age.

of Isthmus formation. This corroboration of results clearly shows that
any issues with mtDNA calibration do not affect the conclusions
presented by Bacon et al. (3, 22).

Bacon et al. (3, 22) demonstrated that several pulses of terrestrial mi-
gration and marine vicariance occurred in the Neogene, rather than a
single, time-limited event at 3.5 Ma. Can we therefore assume, a priori,
that any given marine sister taxa found on either side of the Isthmus
split 3.5 Ma? The answer given by Bacon et al. (3, 22) based on 424 data
points from molecular phylogenies across multiple taxonomic groups
and ecological forms, and further supported by the smaller data set
(38 data points) in Figure 4 of O’Dea et al. (1), is no.

NEW AGE FOR THE FORMATION OF THE ISTHMUS OF PANAMA
O’Deacet al. (1) propose a new age for the formation of the Isthmus of
Panama at 2.8 Ma. This new hypothesis is based on the (i) “end of
surface water exchange at 2.76 Ma based on marine plankton assem-
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7) Unreported rock type: Without
8) No coordinates: Without sample coordinates, it is impossible to

blages and surface ocean salinity contrast” (Figure 3 in the study by
O’Dea et al. 1), (ii) absence of gene flow between shallow marine
animal populations after ~3.2 Ma [Figure 4 in the study by O’Dea et al.
()], and (iii) acceleration of the dispersal rate of terrestrial mammals at
~2.7 Ma [Figure 5 and table S2 in the study by O’Dea et al. (I)]. An ex-
amination of each of these points indicates that there is insufficient support
for their hypothesis.

First, O’'Dea et al. (1) discuss how salinity and carbonate accumula-
tion rates diverge at 4.2 Ma, but there is no significant change at 2.8 Ma
[Figure 3 in the study by O’Dea et al. (I)]. Second, Figure 3 of O’Dea
et al. (1) provides no evidence of “marine plankton assemblages”
splitting between Caribbean and Pacific waters at 2.8 Ma. Third,
the youngest divergence time estimated from the molecular data set
(Mellita quinquiesperforata; table S3 in the study by O’Dea et al.) has
a mean age of 3.21 Ma with a 95% credible interval of 3.91 to 2.51 Ma
and therefore does not define a precise split at 2.8 Ma, as O'Dea et al. (1)
conclude. Fourth, although O’Dea et al. (1) show an increase in terrestrial
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mammal migration at ~2.7 Ma [Figure 5 and table S2 in the study by
O’Dea et al. (I1)], this age does not necessarily reflect formation of a ter-
restrial land bridge. From an analysis of 1411 migrating mammal fossil
records [versus 68 in O'Dea et al. (1)] of 35 families and 124 genera,
Bacon et al. (23) had already obtained a similar result. Alternative
hypotheses have been proposed to explain this acceleration in mammal
migration. These include habitat and environmental changes due to the
onset of the Northern Hemisphere glaciation and concomitant reduc-
tions in precipitation across the Americas (23-30) and lower sea levels
during glacial periods (31, 32).

Agesin O'Dea et al. (2016)
o Not Panamanian signal (13)
e West of suture (19)
o Cooling age and west of suture (17)
e Cooling age (41)
© Metamorphic age (23)
© Vein (2)
® Cretaceous ages (11)
® Unreported rock type (4)
No coordinates (1) Total: 131
L Suture

Cuchillo Hills
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TRANSMOGRIFICATION

O’Dea et al. (1) published several statements that are incorrect and mis-
lead readers. “If, on the other hand, one assumes that the Panama Arc
permanently blocked all genetic exchange from 23 to 13 Ma (Montes et al.
2015)” misrepresents the data, results, and interpretation presented in
Montes et al. (2). That publication and additional papers from our re-
search groups (4-6, 22) have indicated that since the final closure of
CAS ~10 to 15 Ma until 4.2 to 3.5 Ma, the Caribbean Sea and Pacific
Ocean were still connected by shallow water, albeit intermittently,
through other passages than CAS.
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Fig. 1. Data from O’Dea et al. [table S2 plotted and categorized (7)]. Colored circles show that none of the 131 localities listed in that publication could be sources for the
Panamanian signal in middle Miocene sediments reported by Montes et al. (2). Location of suture after Duque-Caro (76) mapped onto a geological map of Colombia (77). One
hundred eighteen of those ages do not represent valid ages for a possible source rock derived from South America. Inset shows that 13 ages that do date South American source
rocks are significantly older (t test, P < 0.001, df = 19.8) than the middle Eocene Panamanian signal reported in Montes et dl. (2).
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O’Deaetal. (2016) data

Vicariance rate

T T T T T
40 30 20 10 0

Millions of years

Fig. 2. Data from O’Dea et al. [table S3 analyzed and plotted (7)]. Rate through
time plot showing the tempo of vicariance events (estimated number of events
per million year) in marine organisms inferred from the data presented in table S3
of O'Dea et al. (7). Shaded area shows the 95% confidence interval (95% Cl)
around the rate estimates based on 1000 replicated analyses, in which the ages
of the vicariance events were resampled from the age intervals presented in
O'Dea et al. (7). Two statistically significant shifts in vicariance rate are detected,
at 12 Ma (95% Cl: 14.77 to 9.76 Ma) and 3.01 Ma (95% Cl: 4.65 to 1.61 Ma). The red
dashed line shows the new, 2.8-Ma date for the formation of the Isthmus of Panama
proposed by O'Dea et al. (7).

CONCLUSIONS

The rise of the Isthmus of Panama is a fascinating event in Cenozoic
history that has attracted worldwide attention, mostly because it has
been linked to four major events in the history of Earth: the onset of
the Thermohaline Circulation, the onset of Northern Hemisphere gla-
ciation, the birth of the Caribbean Sea, and the Great American Biotic
Interchange (4). Some of these links have been criticized or dismissed
[for example, (4, 25, 33)] and are still far from being resolved. Un-
fortunately, O’Dea et al. (1), rather than providing a clear synthesis
on the issue, have added more confusion. Further fieldwork and new
data generation are needed to fully understand the implication of the
rise of the Isthmus of Panama.

SUPPLEMENTARY MATERIALS

Supplementary material for this article is available at http://advances.sciencemag.org/cgi/
content/full/3/6/€1602321/DC1

table S1. Molecular results from O’Dea et al. (1) used as input for the migration rate through
time (MRTT) and the MRTT results from model testing.
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