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a b s t r a c t

The presence of well-documented sites in the Americas predating and south of the opening of an ice-free
corridor in the North American ice sheets lends credence to a Pacific coastal migration theory (CMT)
explaining the route for the initial peopling of the Americas. This theory has been informally discussed
for more than 50 years, but until recently, has been largely ignored and never properly defined as a
result. We provide a formal definition of the CMT which, briefly stated, is that Upper Paleolithic pop-
ulations moved from Asia to coastal regions along the northwestern Pacific Rim between ~45e30 ka. By
~30 ka these coastal populations developed a mixed maritime, nearshore, and terrestrial adaptation
involving the use of boats, shell fishhooks for deep-water fishing, and a stemmed point and macroblade
core technology. About 25e24 ka a subset of these coastal populations became isolated somewhere in
the vicinity of the Japan/Paleo-Hokkaido, Sahkalin, Kuril (PSHK) region, developing genetically into the
ancient Native American (ANA) populations that eventually settled the Americas. Between ~22e16 ka
these ANA people began migrating by foot and boat along the southern Beringian coast and down the
Alaskan and Canadian coastline into the Americas south of the continental ice sheets before eventually
expanding inland. We develop a series of testable hypotheses through which the CMT can be examined.

© 2020 Elsevier Ltd. All rights reserved.
1. Introduction

The archaeological discovery of repeated instances of human
occupation south of the North American continental ice sheets
predating the appearance of fluted projectile points and before any
possible opening of an ice-free corridor (IFC) between the Lau-
rentide and Cordilleran ice sheets has essentially falsified the long
held Clovis-first hypothesis (CFH). This array of data is now suffi-
ciently large that it requires an organizational framework within
which to consider the processes and chronology underlying the
only reasonable alternative for the initial Pleistocene peopling of
the Americas: A Pacific coastal entry way into the New World.

While this is a view that has deep roots in Americanist
archaeology as a hypothesis about the process of how the Americas
were initially settled by humans, it has been largely discounted
until the last decade or so. For more than 400 years (Acosta, 1604)
the notion that the earliest Native Americans arrived in the New
World via a Beringian overland route has dominated archaeological
thought. Despite that dominance, the possibility of a coastal route
Davis).
has long been held out as a viable alternative by a small minority,
and while “… most anthropologists believe(d) that man first
entered the Western Hemisphere by a land bridge …,” others
thought entry was “… perhaps by a short trip across the water in
the region of the Bering Straits land route (Jarcho, 1959).” The
concept of a coastal route remained poorly developed, however,
being briefly mentioned from time to time but never fully formed
(e.g., Heusser, 1960; Macgowan and Hester, 1962; Laughlin, 1967;
Bryan, 1978). It was not until the late 1970s when Knut Fladmark
(1978, 1979) published his landmark papers outlining a coastal
alternative to an IFC model that the idea began to be taken seri-
ously. Now, more than 40 years later, and after the excavation and
reporting of a series of sites in both North and South America dating
to before the Clovis period, Fladmark’s “alternative” is now the
most widely accepted model for the peopling of the Americas. As a
recent review in Science suggests “… current evidence favors the
Pacific coast as the route taken by the first Americans” (Waters,
2019).

By the end of the twentieth century a number of scholars, in the
face of overwhelming opposition frommany CFH proponents, even
began to describe a possible Pacific coastal entry route as the
“Coastal Migration Theory” (e.g., Easton, 1992; Busch, 1994),
although the phrase was used primarily as a descriptive label for an
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idea rather than as a well-formulated theory. As increasing
numbers of sites dating to before the Clovis era were discovered
and reported, specific hypotheses about how, when, and where
people may have reached the Americas via a coastal route began to
be promulgated (e.g., Dixon, 1993, 1999; Gruhn, 1994; Mandryk
et al., 2001; Erlandson, 2002). This growing interest in the early
coastal record was accompanied by an increased focus on the hu-
man ecology of ancient marine environments (Erlandson, 1994;
Erlandson and Colten, 1994). One of the most well-formulated of
these ecological hypotheses was the notion of a “kelp highway” first
described by Jon Erlandson and colleagues (Erlandson et al., 2007).
They even suggested this hypothesis was connected to an over-
arching “Coastal Migration Theory,” although the theory itself was
not fully defined, nor the linkage between hypothesis and theory
clearly described. Most recently, Braje et al. (2017, 2020) argue that
although the growing record of early First Americans sites dating to
before the Clovis period underscores the importance of considering
a Pleistocene coastal migration, understanding the specifics of that
migration will require multiple working hypotheses.

Building on these groundbreaking works we here review the
evidence that informs an explicit Coastal Migration Theory (CMT)
for when, how, and fromwhere Upper Paleolithic populations first
reached the Americas. By “theory” we mean a broad framework or
model, devised to help explain an array of data on a particular topic,
and whose explanatory viability can be examined via a variety of
testable hypotheses. We then describe a series of such hypotheses,
of which the Kelp Highway hypothesis is but one, and identify a
number of tests of these hypotheses that could help resolve their
relative viability.

2. A brief review of the Clovis-first hypothesis and data
requiring its rejection

The Clovis First Hypothesis e The Clovis Paleoindian Tradition
(CPT) is radiocarbon dated between 13,125 and 12,925 cal yr BP
(Waters and Stafford, 2007) or 13,350e12,870 cal yr BP (Haynes,
1980, 1982, 1987; 1992; Haynes et al., 1984). The CPT is character-
ized by the presence of Upper Paleolithic-type lithic technology
manufactured from high quality lithic materials, and includes
diagnostic fluted lanceolate projectile points, prismatic blade cores,
discoidal cores, end scrapers, gravers, and the manufacture of
osseous rod tools (Stanford, 1991). Clovis peoples pursued a
terrestrial subsistence economy and hunted extinct megafauna,
including proboscideans and bison, as well as a variety of smaller
animals.

The CFH seeks to explain the initial peopling of the Americas as
the result of humans bearing the CPT cultural pattern (e.g., Haynes,
1964, 1980; 1987; Haynes, 2002). Clovis progenitors are assumed to
have entered North America following an occupation of western
Beringia and then Alaska and Yukon (eastern Beringia) during or
prior to the last glacial maximum (LGM) (Haynes, 1982). These
eastern Beringians migrated south through an IFC shortly before 13
ka, coinciding with the appearance of the CPT in the Great Plains
and American Southwest, or perhaps as early as ~14.8 ka (Haynes,
1982; Potter et al., 2018). These initial migrants emerged from the
IFC bearing the CPT fluted point technology (or developed it soon
afterwards in areas south of the ice sheets [e.g., Mason, 1962]) and
spread rapidly throughout the Americas. According to the CFH,
most regional archaeological sequences in the Americas have some
ancestral version of the CPT as their technological antecedent
(Willig and Aikens, 1988).

Ice-Free Corridor chronology e Although the IFC features prom-
inently in the CFH as the only possible migration route between
high and middle latitude areas of North America, until relatively
recently there were few high-resolution studies clarifying the
2

timing of glacial ice position and the paleoenvironmental condi-
tions present in the IFC. Potter et al. (2018) argue that the IFC could
have been open for human migration south from eastern Beringia
along its entire north-south extent as early as 14.8 ka. Margold et al.
(2019) studied cosmogenic nuclide exposure dating of glacial
erratic boulders distributed along the eastern front of southern
Alberta’s Rocky Mountains and found that the Laurentide and
Cordilleran glacial ice sheets detached from each other along the
southern ICF by ~14.9 ka. Since the timing of Late Wisconsinan
deglaciation that led to the opening of the IFC is modeled to have
begun first in the southern end of the corridor (Dyke, 2004),
Margold et al. (2019) stress that more research is needed to confirm
the timing of when the IFC opened in more northern areas.
Pedersen et al. (2016) examined environmental DNA (eDNA) sig-
natures from sedimentary sequences within Alberta’s Charlie and
Spring lakes and conclude that the IFC was only ecologically viable
enough to support hare and bison after ~12.6 ka, and lacked envi-
ronmental conditions required to support earlier humanmigration.
Genetic studies of Pleistocene fossil bison skeletal remains found to
the north and south of the IFC reveal that gene flow between the
two populations was delayed until 13.4 ka to 12 ka (Heintzman
et al., 2016), supporting the ecological viability interpretations of
Pedersen et al. (2016).

Sites dating to and prior to the Clovis period e Several archaeo-
logical sites suggest people were present in areas south of the
glacial margin during a window of time after a possible opening of
the IFC at ~14.8 ka, but before the IFC became biologically viable
between ~13.4e12.6 ka. These sites include Monte Verde II (~14.2
ka; Dillehay, 1997; Dillehay et al., 2008), Paisley Cave (~14.2 ka;
Gilbert et al., 2009; Jenkins et al., 2012), Page-Ladson (~14.5 ka;
Halligan et al., 2016) (Fig. 1), and a number of others more often
disputed by CFH adherents (Williams and Madsen, 2019).

Sites predating the earliest possible opening of the IFC before ~15 ka
e A smaller set of sites south of the continental ice sheets bear
evidence of cultural occupation predating 15 ka, before the earliest
hypothesized opening of the IFC at ~14.8 ka (Potter et al., 2018).
These sites include Huaca Prieta (Dillehay et al., 2012, 2017), Gault/
Friedkin (Waters et al., 2018; Williams et al., 2018), and Cooper’s
Ferry (Davis et al., 2019), as well as several more whose validity is
often disputed (Williams and Madsen, 2019) (Fig. 1). An example of
the latter set is the underwater Cinmar site located off the coast of
Virginia at a depth of ~74 m (Stanford et al., 2014). A large ~190 mm
long biface and the partial skull of a mastodon were recovered by
fishermen in a single scallop dredge in 1974, with the location and
depth of the find carefully recorded. The mastodon was subse-
quently dated to ~22.8 ka (Stanford et al., 2014). While it seems
possible that the biface and skull are associated, and represent
evidence of the human occupation of now flooded coastal margins
on the continental shelf during the LGM, the lack of a scientific
investigation of the site together with the alternative possibilities
(among others) that the finds are contextually unrelated or a
product of ice-rafted debris, precludes widespread acceptance of
the site’s validity.

The dating of these pre-Clovis-aged sites south of the conti-
nental ice sheets, combined with recognition that Clovis sites date
oldest in the U.S. Plains/Southwest region and youngest in Alaska
(Goebel et al., 2013; Buvit et al., 2018), have finally laid the CFH to
rest.

3. The coastal migration theory

Our formal CMT is:

1 The progenitors of the First Americans were Early Upper
Paleolithic (EUP) foragers who originated in interior northeast



Fig. 1. Location map showing key regions, features, archaeological sites, and potential migration routes.

L.G. Davis and D.B. Madsen Quaternary Science Reviews 249 (2020) 106605
Asia and made their way by various land and sea routes,
including a northern route, possibly down the Amur River valley
(Izhuho et al., 2020; Jeong et al., 2016; Nakazawa, 2017) and
through northern China, and a southern route, possibly through
southern China and Taiwan (Gakuhari et al., 2019; Izhuho et al.,
2020; Nakazawa, 2017), to coastal Pacific areas ranging from
South Korea to the Japanese archipelago and to its extension in
the convergent island area that emerged during late Pleistocene
marine regression known as the Paleo-Sahkalin-Hokkaido-Kuril
(PSHK) area. These populations merged prior to LGM, giving rise
to daughter populations in the PSHK area which eventually
evolved into such diverse groups as the Jomon inmore southerly
Japan, northeastern Siberians such as the Itelmen and Chukchi,
and ancient Native Americans (Jeong et al., 2016).

2 Between ~40e30 ka these foragers adopted mixed and variable
terrestrial, near shore, and maritime subsistence adaptations
along this northwestern Pacific coastal margin, with the degree
of specialization differing from area to area.
3

3 Starting in the EUP period, they developed both a stone tool
technology characterized by unifacially and bifacially-worked
stemmed projectile points and sea-going vessels capable of
reaching pelagic fishing grounds and obsidian source areas
scores of kilometers from the coast. A number of these pop-
ulations may have become isolated in the PSHK region, allowing
for genetic bottlenecks to develop via genetic drift.

4 By about 20 ka, sea levels as much as 130 m lower than modern,
and correspondingly shorter travel distances between islands
and refugia, allowed ocean-going coastal foragers in the PSHK to
begin to expand along the Kamchatka peninsula to the southern
margin of the Bering Land Bridge and Aleutian Islands to the
coastlines of southern Alaska and British Columbia.

5 Sometime between ~20e16 ka these gradually expanding Late
Upper Paleolithic populations reached coastal margins south of
the Cordilleran glaciation. Once there, they applied generalized
coastal fishing/foraging adaptations towetland, terrestrial, near-
shore, and maritime resources, which allowed more specialized
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daughter populations to expand rapidly inland, along major
waterways and onto lake-margin habitats, and down the coast
to South America through a variety of differing coastal habitats.
Over the course of the next 3000e5000 years these populations
expanded inland from the coast, developing specialized terres-
trial hunting and gather adaptations which eventually led to
later Clovis and other Paleoindian complexes.
4. Paleogenetics

The genetic composition and distribution of ancient East Asian
populations dating to before ~30 ka, as well as the relationships
between these ancient populations and those of the earliest
Americans, are complex and incomplete (e.g., Sikora et al., 2019). At
least part of the genome of the founding ancient Native American
(ANA) population is derived from populations in western Siberia.
The ~24 ka “Mal’ta boy” from the Lake Baikal-Altai Mountains re-
gion shares ~40% of his genome with Native American populations
(Raghavan et al., 2015), but that gene flow appears to have occurred
after the split between early West Eurasians (EWE) and early East
Asians (EEA) ~33e49 ka (Fig. 2).

Archaeological evidence suggests seafaring EEA populations
appeared in Japan and (probably) the PSHK by at least ~38 ka
(Gakuhari et al., 2019; Izuho and Kaifu, 2015), but the genetic
composition of these groups remains largely unknown. By ~32 ka, a
foraging population had also reached the Arctic coast in far western
Beringia at the Yana Rhino Horn site (RHS) (Sikora et al., 2019), but
ANA populations are not apparently derived from this Ancient
Northern Siberian group. Rather, Native Americans are genetically
more closely related to an EEA population that returned to the
lower Yana River region between 20e11 ka after an occupational
gap during the LGM (Sikora et al., 2019). Since the earliest ancient
Native American populations split from Siberians and East Asian
Fig. 2. A simplified model for the formation of Native American populations (modified
from Moreno-Mayar et al., 2018).

4

groups ~36 ka, with gene flow between the groups continuing until
~25 ka (Moreno-Mayar et al., 2018; Raghavan et al., 2015), they
appear to be unrelated to this pre-LGM population in western
Beringia. The split is thus more likely to have occurred somewhere
along the northwestern Pacific coast in the Japan/PSHK region and/
or in southeastern Siberia rather than farther north in interior or
coastal western Beringia. We hypothesize this founding ANA pop-
ulation arose from a merger of East Asian populations entering the
Japan/PSHK region from Korea and Taiwan to the south and a
population related to the Mal’ta child moving down the Amur River
valley to the Japan/PSHK archipelago.

After this final ~25 ka split, the founding population remained
isolated from other Asian populations for a period of 4000e8000
years (Moreno-Mayar et al., 2018; Raghavan et al., 2015) before
expanding into the Americas sometime after ~19.5 ka (Llamas et al.,
2016; Pinotti et al., 2019). Where this population resided during
that standstill is generally thought to have been in interior central
and eastern Beringia. However, that notion is not derived from
archaeological data since there is no evidence of people in Beringia
during the LGM (e.g., Faught, 2017), but is based largely on the idea
that therewas a possible LGM refugium in that area that could have
supported human populations (e.g., Hoffecker et al., 2016). A pop-
ulation represented by the Upward Sun River 1 burial was in east-
central Beringia by at least ~11.5 ka (Potter et al., 2014), but this
Ancient Beringian (AB) population apparently split off from the
founding ANA population sometime ~21 ka (Moreno-Mayar et al.,
2018). Where that split happened remains unknown, but we hy-
pothesize that the most plausible location for the isolated region
where the 4000e8000 year standstill occurred was on one or more
of the islands in the PSHK.

In the Ryukyu Islands of southern Japan genetic differentiation
among Holocene age groups apparently resulted from genetic drift
(Sato et al., 2014). A similar process among PSHK islands seems
plausible, since Pleistocene age populations there were likely
smaller and more isolated than their Ryukyu Islands Holocene
counterparts. It remains to be seen if the Upper Paleolithic pop-
ulations of Japan are also related to the same isolated populations
that gave rise to the founding American populations, but Jeong et al.
(2016:261) indicate “… the Ainu [of the northernmost Japanese
islands] have a closer genetic relationship with northeast Siberians
than with central Siberians, suggesting ancient connections among
populations around the Sea of Okhotsk.” They also suggest
(2016:268) there is “… evidence for extra genetic affinity between
the Ainu and northeast Siberians (Itelmen and Chukchi), who share
ancestry with Native Americans. This finding coupled with the
ancient origin of the Ainu raises the possibility that the same
migration event led to the settlement of Jomon hunter-gatherers
and to the initial dispersal of Native American ancestors. If this is
the case, this first northward migration took place before the LGM.”

5. Distribution of people in northeast Asia during the LGM

Far western Beringia was initially occupied by at least ~32 ka, as
reflected in the occupation of Yana RHS in the lower reach of the
Yana River near the Arctic Ocean (Pitulko et al., 2004; Goebel et al.,
2013, Fig. 1). Yana RHS and the rest of northern Siberia and Beringia
were abandoned during the LGM (Goebel et al., 2000a, 2000b; Graf
and Buvit, 2017) but reoccupied during the deglacial period. Ge-
netic data suggest the lower Yana River region was reoccupied
between 20e11 ka by EEA peoples (Sikora et al., 2019), while
archaeological data suggest the rest of Beringia was abandoned
between 31e14.5 ka (Graf and Buvit, 2017). The earliest archaeo-
logical evidence of human presence in the northern Pacific Rim
region comes from South Korea and Japan where Upper Paleolithic
sites date as early as 40e35 ka and 38 ka, respectively (Izuho, 2013;
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Kaifu et al., 2015; Morisaki et al., 2019). Unlike northern Siberia and
(probably) Beringia, which was largely abandoned during the LGM,
these regions show continuous human occupation predating the
LGM and extending through the Holocene. Elsewhere in the
northern Pacific Rim region, only three archaeological sites predate
~15 ka, including: the Ustinovka complex (first occupied at ~18.5
ka; Tabarev, 2013) in the Russian Far East maritime region west of
Hokkaido and the Bol’shoi lakor’ l (~15.5 ka; Pratt et al., 2020) and
Diuktai Cave (~17 ka; Mochonav and Fedoseeva, 1996a) sites, both
located in Siberia but west of Beringia. Humans initially expand into
Beringia during the Bølling-Allerød warm interval, appearing first
in western Beringia at the Berelekh site (~13.8 ka; Mochanov and
Fedoseeva, 1996b) and soon after in eastern Beringia in the
Nenana River valley by ~14.1 ka at Swan Point (Goebel et al., 1991,
1996; Graf and Bigelow, 2011; Graf and Buvit, 2017; Graf et al., 2015;
Pearson, 1999; Powers and Hoffecker, 1989).

6. Circum-north Pacific coastal refugium during the LGM

Across Beringia and farther southward along the western Pacific
coast into PSHK and the Japanese Archipelago, glacial ice was
limited to high elevation mountain areas and lowland areas
remained ice free throughout the late Pleistocene (Sato et al., 2014;
Sawagaki et al., 2004; Elias and Brigham-Grette, 2013). In south-
western Alaska, glacial ice expanded to its maximum extent across
the Alaskan Archipelago to ground on the Pacific continental shelf
by ~27.3 ka (Mann and Peteet, 1994) and had begun to retreat by
~17.9e17 ka (Mann and Hamilton, 1995; Misarti et al., 2012). At
their maximum extents, southern Alaskan mountain glacier com-
plexes presented a discontinuous ice front along the northeastern
Pacific coastline where ice lobes separated large unglaciated areas
(Kaufman and Manley, 2004) that supported ecological refugia
(Heaton et al., 1996). In general, coastal glaciers had undergone
significant recession by 18 ka (Briner et al., 2017). Paleontological
remains from caves in the Alexander Archipelago suggest that
glacial ice advanced and retreated there between 19.5e17 ka
(Heaton and Grady, 2003). On the basis of cosmogenic exposure
chronology and radiocarbon dated paleontological remains from
caves in southeastern Alaska’s Prince of Wales Island archipelago,
Lesnek et al. (2018) show that the Cordilleran Ice Sheet expanded to
its maximum extent in southeastern Alaska between ~20e17 ka
and retreated thereafter.

Global eustatic sea level was lowered by ~130 m at the height of
the LGM between ~26e20 ka (Lambeck et al., 2002; Clark et al.,
2009), exposing continental shelf areas, merging islands together
and with mainland regions, and generally shortening travel routes
along coastal margins. Areas more proximal to continental glacial
ice experienced different changes in relative sea level during the
late Pleistocene due to glacioisostatic adjustments (e.g., Clark et al.,
2014). In the northern Pacific Rim region, eustatic lowering of sea
level notably led to the emergence of the Bering Land Bridge, which
connected Russia and Alaska before the LGM until submergence
beneath rising sea levels after ~11 ka (Clark et al., 2014). During the
onset of the Bølling-Allerød warming period, global eustatic sea
levels rose 14e18 m from 14,650e14,310 cal yr BP (Deschamps
et al., 2012). Under these conditions, accelerated deglaciation of
the Cordilleran ice sheet would have increased meltwater input to
the northeastern Pacific and greatly strengthened the westerly gyre
of the Alaska current, probably making boat travel from Asia more
difficult during this period (Royer and Finney, 2020). Thus, marine
conditions for a Pacific coastal migration appear to have been most
ideal during the period of transition from glacial to postglacial
environments at ~17e15 ka.

Migrating from Japan/PSHK to North America along the north-
ern Pacific coast could have been possible with oceangoing
5

watercraft and pedestrian travel. Departing from the eastern end of
Hokkaido and navigating along the Kuril Island chain to the
northeast and then to southern Kamchatka, maritime coastal
travelers could reach Umnak Island (the southernmost point of the
Bering Land Bridge; Laughlin, 1967) in southwestern Alaska’s
Aleutian Archipelago along a 4300 km archipelago route (Fig. 1).
Alternatively, they could have taken a slightly longer route of
~4600 km toUmnak Island via the southern edge of Beringia. Over a
seven-month period, two modern adventurers successfully trav-
eled a similar route via kayak where they paddled from northern
Hokkaido, along the Kuril Island chain, up the western edge of the
Bering Strait, to ultimately reach Alaska’s St. Lawrence Island (Turk,
2006). Initial coastal migrants may have also traveled by boat
eastward from southern Kamchatka along the Aleutian Islands.
Starting from the western edge of the Aleutian Island chain (i.e.,
Commander Island) andmoving eastward, distances between some
islands are great (~280-120 km) even during lower sea level con-
ditions at the LGM. It is worth noting that humans settled the
1200 km-long chain of Japan’s Ryukyu Islands by 36 ka (Kaifu et al.,
2015) along a route that includes several significant deep 220-
130 km-wide ocean gaps never connected during LGM sea levels.
Travelling along the southern coast of the Bering Land Bridge to the
same point may have been easier than island hopping along the
southern Aleutian Archipelago and probably provided more access
to necessary resources along the way.

7. Circum-north Pacific similarities in lithic technology

Comparing similarities in the design, manufacture, and use of
stone tools as a way to examine patterns of human migration or
cultural transmission of knowledge is a fundamental aspect of
archaeological practice and represents the primarymeans bywhich
Clovis First advocates originally argued that the spread of fluted
point technology reflected the initial peopling of the Americas (e.g.,
Haynes, 1960, 1964, 1969, 1980, 1987; Morrow and Morrow, 1999;
Haynes, 2002). During the twentieth century, archaeologists sought
to identify a technological progenitor for the CPT among late
Pleistocene-aged Beringian and Northeast Asian sites (Bonnichsen
and Schneider, 1999; Goebel, 2004) and the report of a potential
(but later dismissed) fluted point inwestern Beringia sparked great
interest within the First American studies community (King and
Slobodin, 1996). The later discovery that Alaskan fluted points
post-dated fluted point technology south of the North American
continental ice sheets (Goebel et al., 2013; Buvit et al., 2018) was
perhaps the last straw and confirmed that Clovis fluted points were
not the earliest lithic technology of the Americas. Given these de-
velopments, most archaeologists appear to consider the CPT as a
North American innovation and interest has shifted to uncovering
details about the “Proto-Clovis” ancestor to the CPT (e.g., Ferring,
2012; Haynes, 2002, 2015; Jennings and Waters, 2014).

The discovery that nonfluted stemmed projectile points predate
the CPT in North America requires us to adjust our expectations for
what a technological progenitor for the First Americans might look
like. Microblade and microcore technology appears in China and
Korea by ~30-25 ka (Bae, 2017; Coutouly, 2018), reaching Japan by
way of diffusion fromKorea shortly thereafter (Sato et al., 2014), but
possibly reaching the PSHK by other routes as early as ~27 ka
(Coutouly, 2018). This technology spreads into Beringia after 14.5 ka
(Graf and Buvit, 2017). These particular late Pleistocene microblade
and microcore production patterns (e.g., Yubetsu microblade/
microcore type; Andrefsky, 1987; Hirasawa and Holmes, 2017;
Holmes, 2001; Morlan, 1978; Nakazawa et al., 2005) have origins
that can be traced back to Upper Paleolithic Japan but are not found
in late Pleistocene-aged sites in the Americas south of Beringia,
indicating that it remained in high latitude regions. Microblade



L.G. Davis and D.B. Madsen Quaternary Science Reviews 249 (2020) 106605
technologies do not appear in the earliest lithic technological as-
semblages from the earliest components at the Gault, Friedkin, and
Cooper’s Ferry sites, nor are they a part of the pre-Clovis-aged
Nenana Complex (Graf and Buvit, 2017) or the younger CPT lithic
technology. A well-developed Upper Paleolithic biface and core
technological system is present in Japan/PSHK during the LGM,
continues through the Pleistocene, and may be the source of the
ANA traditional technological knowledge (Fig. 3). Davis et al. (2019)
point out that pre-Clovis-aged stemmed projectile point technol-
ogy from the Cooper’s Ferry site is similar in both design and
manufacture (i.e., made on linear macroflakes) to Upper Paleolithic
stemmed bifaces in Hokkaido. These Japanese sites arguably
include the most abundant, earliest, and most technologically
similar examples of late Pleistocene lithic technology in the
northern Pacific Rim region. Stemmed projectile points made on
macroblades are present in South Korea between 40e14 ka (Lee
and Sano, 2019) and are similar to Hakuhen-Sentoki stemmed
projectile points that appear in Japan between 30e23 ka (Morisaki
et al., 2019). By 16 ka, more complex bifacial stemmed projectile
point, core, and blade technologies are widespread in Japan (Sato
et al., 2014; Lee and Sano, 2019; Kudo, 2006; Nagai, 2007;
Natsuki, 2018). This period also includes the proliferation of
stemmed (or “tanged”) projectile point forms throughout Japan
and include the Tachikawa type on Hokkaido, the Kosegawsawa
type in northern Honshu near the Sea of Japan, and the Yanagimata
type in central and western Honshu (Sato et al., 2014; Nagai, 2007;
Natsuki, 2018; Befu and Chard, 1960). The younger lithic technol-
ogies of Beringia that postdate human presence south of North
American ice sheets include different, generally smaller stemmed,
lanceolate, and teardrop-shaped projectile point forms in western
Beringia at Ushki (~13 ka; Goebel et al., 2003; Slobodin, 2011) and
Fig. 3. Multiproxy record showing the timing and conditions of environmental and archaeolo
and Greenlandic stadial (GS) and interstadial (GI) timing adapted from North Greenland Ice
(2014). Cordilleran ice sheet (CIS) and ice-free corridor (IFC) conditions adapted from Lesnek
B-A ¼ Bølling-Allerød. YD ¼ Younger Dryas. Inc. Jomon ¼ incipient Jomon.

6

Berelekh (~13.9 ka; Mochanov and Fedoseeva, 1996a), and in
eastern Beringia in sites bearing the Nenana (~13.6 ka), Denali
(~12.8 ka), and Mesa (~13 ka) technological complexes (Graf and
Buvit, 2017). Based on their age and inherent technological attri-
butes, the Upper Paleolithic stemmed point industries of Hokkaido
and North America may derive from the same common source,
signalling a shared cultural link in Northeast Asia.
8. Circum-north Pacific adaptive strategies

A clear pattern of generalized coastal foraging, involving the use
of littoral and near shore marine species, along with other terres-
trial coastal and riverine resources, appears by 35 ka in the Ryukyu
Islands of southern Japan (Fujita et al., 2016), in the Russian Far East
from 28 to 14 ka at multiple sites in the Amur River basin (Tabarev,
2013), during the terminal Pleistocene to early Holocene period at
sites in southern Alaska (Dixon, 1999, 2008, 2013), British Columbia
(Fedje et al., 2005, 2008, 2011), the Northern Channel Islands of
California (Braje et al., 2017, 2020) and in the Baja California
peninsula (Des Lauriers, 2010; Des Lauriers et al., 2017; Fujita,
2014). Thus, use of marine resources by the peoples of NE Asia
predates human arrival in the Americas and is seen in the earliest
late Pleistocene-aged coastal sites of the Americas. Specialized
maritime subsistence patterns appear first on Okinawa Island
where shell hookswere used to exploit fishes beyond the nearshore
zone at 35e30 ka (Fujita et al., 2016), with the use of boats further
confirmed by the conveyance of obsidian from offshore islands by
~38 ka (Ikeya et al., 2015). A similar fishing pattern appears first in
the Americas on Cedros Island in northwestern Mexico where
single piece shell hooksdremarkably similar in form to those from
Okinawadwere used to catch large deep-sea fishes during the
gical events relative to the CMT. North Greenland Ice Core Project (NGRIP) isotopic data
Core Project members (2004). Global eustatic sea level data adapted from Clark et al.
et al. (2018) and Margold et al. (2019). Timing of archaeological records are cited in text.
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terminal Pleistocene (Des Lauriers et al., 2017). Throughout the
period between ~35e15 ka, Japan/PSHK sites show patterns of
nearshore and deep-sea fishing complemented by the use of Upper
Paleolithic stemmed and lanceolate projectile points, biface, and
flake/blade core technology in the pursuit of a wide range of
terrestrial resources (e.g., Morlan, 1967; Pearson, 2006; Yamaoka,
2014; Sato et al., 2011).

9. Testable hypotheses

Determining whether or not this Coastal Migration Theory is
viable requires, as with any theory, explicit tests of its various im-
plications. In the case of the CMT, most of the testable hypotheses
involve the discovery and exploration of geological deposits and
archaeological sites around the northern Pacific Rim dating to the
LGM. Here we outline several possible hypotheses and develop a
number of tests which could falsify them.

Hypothesis 1. e This hypothesis is actually composed of two
related, but competitive, hypotheses: 1A-The earliest genetic ante-
cedents of the founding Ancient Native American population will be
found in the Upper Paleolithic populations of the PSHK region; Or 1B-
Its earliest genetic antecedents will be found in the Upper Paleolithic
populations of Beringia and can be traced southward along the
northeastern Pacific coastline.

Since the pre-LGM populations of western Beringia, as repre-
sented by DNA recovered from the Yana RHS site, were unrelated to
the ANA population(s) that settled the Americas, then the likeliest
locations of the standstill and associated genetic bottleneck are
either immediately south of Beringia in the PSHK region or in a
hypothetical interior eastern Beringian refugium. Of these two
possibilities, an interior Beringian standstill seem less parsimo-
nious 1) because of the likelihood Beringian populations withdrew
from the region during the LGM, as did their Siberian neighbors
(Graf and Buvit, 2017), and 2) because the limited gene flow be-
tween ANA and AB populations that occurred after their ~21 ka split
(Moreno-Mayar et al., 2018a) is more readily explained by isolation
on separate islands rather than in highly mobile foraging pop-
ulations living in the same small refugium.

Nonetheless, it is possible that the initial human migrants came
from interior Beringia, rather than from the PSHK, and ultimately
traveled south of the North American ice sheets via a coastal route
in a way that might have resembled the “three stage model” pro-
posed by Mulligan and Kitchen (2013). If a human population
migrated overland through western Beringia, over the Bering Land
Bridge, and into eastern Beringia before 16 ka, they would
encounter a cul de sac at the northern margin of the Cordilleran Ice
Sheet. While some people may have stayed and settled eastern
Beringia, later creating the occupation layers at Swan Point
(Holmes, 2001, 2011) and in the sites bearing the Nenana Complex,
it is also possible that some humans traveled on to the Pacific coast
and continued moving southward around the Cordilleran Ice Sheet
through a combination of walking and paddling. These ancient
Beringian peoples could have brought the Upper Paleolithic biface,
core, and small projectile point technologies that are hallmarks of
ancient Beringian culture to mid-latitude North Americadprovid-
ing the cultural transmissionmechanism for the long-hypothesized
technological link between Nenana and the CPT (Goebel et al., 1991;
Meltzer, 2009). Considering that there are no known Beringian or
Pacific coastal sites that contain human skeletal remains or artifacts
that predate 16 ka, these related, but competitive, hypotheses
remain speculative.

H1 Teste Finding genetic evidence of ancestral ANA populations
either in central Beringia or in locations outside the PSHK region
would falsify hypothesis 1A, just as finding evidence that ANA
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populations are more closely related to populations from Japan/
PSHK or in other locations outside of Beringia (e.g., Russian Far East)
would falsify hypothesis 1B. Such genetic tests may be even more
difficult to achieve than other hypotheses suggested here. Not only
do they involve finding sites of the right age in the right spots, many
of which are likely now underwater, but they also involve finding
preserved human DNA. Human skeletal material is rare even in
early Holocene sites in areas now above sea level; in sites around
the northern Pacific Rim dating to 25e15 ka, finding and extracting
ancient DNA (aDNA) from human skeletal remains may be even
more problematic. However, recent advancements in extracting
aDNA from soils in high latitude and altitude locations where
colder temperatures can preserve readable human DNA for tens of
thousands of years (e.g., Willerslev et al., 2003; Slon et al., 2017;
Zhang et al., 2020) provides some promise for testing these H1
hypotheses. In cold climate localities stretching from the Hokkaido/
Sahkalin/Karil islands to the Kamchatka peninsula to the Aleutian
islands chain to the coastal margins of southern Alaska and British
Columbia, where sites dating to the LGM may occur above modern
sea levels (see below), there is a good chance aDNA can also be
recovered.

Hypothesis 2. e Only lithic technologies in East Asia in the Japan/
PSHK region are old enough and similar enough to be the logical
progenitor(s) of the earliest stemmed projectile point traditions in the
Americas.

This is the archaeological expression of Hypothesis 1, added here
because finding human remains of the appropriate age in the right
places may be difficult. Stemmed and lanceolate projectile points
appear as the earliest weaponry forms in the Americas between
~16e13.4 ka at sites like Monte Verde, Gault, Friedkin, Paisley
Caves, and Cooper’s Ferry. Similar point forms do not occur in
western and east-central Beringia until well after their appearance
in the Americas. These earliest points are accompanied by core,
blade, and biface technologies that, like the point styles, appear to
share strong similarities with Upper Paleolithic lithic technologies
of Japan/PSHK (Davis et al., 2019). Correlations between archaeo-
logical patterns in North America and the Japanese Islands have
been made before. Most recently, Erlandson and Braje (2011)
correlate small, triangular bladed, contracting stemmed points
(called Channel Island Barbed) found on the northern Channel
Islands (dating between ~12.2e11.2 ka; Erlandson et al., 2011) with
other incipient Jomon-era projectile points from Japan, arguing that
these artifacts provide potential evidence of a Pacific coastal
migration. This claim is problematic as these particular projectile
point forms occur in sites on Paleo-Honshu Island only after 14.5 ka
(Sato et al., 2011) and are thus younger than the earliest North
American sites. Therefore, the Channel Island Barbed-Incipient Jo-
mon projectile point connection either represents an example of
evolutionary convergence or some unclarified mechanism of cul-
tural transmission that significantly postdates the initial peopling
of the Americas. That said, the fact that the earliest projectile point
form found so far on the Channel Islands bears a stemmed hafting
element is consistent with the emerging pattern from other North
American pre-Clovis sites. Thus, the initial presence of stemmed
point forms on the Channel Islands may be a signal of continued
cultural transmission among North American peoples from an early
pattern of northern Pacific Rim stemmed point technology and only
coincidentally similar to Japanese styles.

H2 Test - Archaeological excavations that produce evidence
showing humans were in interior Beringia prior to 16 ka and
possessed lithic technological patterns similar to those present at
the earliest sites in the Americas will falsify this hypothesis.
Although numerous archaeological surveys and excavations have
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been conducted by a variety of research teams over recent decades,
evidence people were in Beringia during the LGM or earlier has yet
to emerge. While this absence of evidence cannot be definitive, and
there is always the possibility that a technological complex dating
to this early period may be found, the probability this hypothesis
will be falsified appears to be limited.

Importantly, this test will require the application of archaeo-
logical methods that can identify the links between the design,
manufacture, and uses of technologies found in late Pleistocene-
aged sites around the northern Pacific Rim region. Comparative
artifact assemblage studies do not highlight this issue appropri-
ately, since humans in nearly all Upper Paleolithic societies knew
how to make bifaces, blades, unifaces, and cores. What is important
to establish is how specific patterns of technological production
were created and used across time and space. In essence, we want
to measure and compare the patterns of how technological con-
cepts were put into action through the design, manufacture, and
use of artifacts among the earliest peoples of the northern Pacific
Rim. We anticipate that a deeper integration of three-dimensional
digital artifact model analysis can play an important role in tracing
the connections between NE Asia and the Americas.

Hypothesis 3. e Late Pleistocene northern Pacific Rim marine eco-
systems could not adequately support initial human migrants during a
journey from Northeastern Asia to mid-latitude North America.

Paleoenvironmental records show that many areas of the
northern Pacific Rim region were ecologically rich, complex in
operation, and exhibited dynamic changes throughout the late
Pleistocene period (e.g., Mandryk et al., 2001; Heaton et al., 1996;
Clark et al., 2014; Dixon, 2013; Fedje and Christensen, 1999; Fedje
et al., 2018). The combined influences of continental glaciation,
lower sea levels, and colder climates produced non-analogous
environmental conditions. For example, marine core records ob-
tained from multiple localities along the northeastern Pacific
margin appear to show lower-than-modern marine productivity
associatedwith cold periods during the LGM and the Younger Dryas
periods (Davis, 2011). How this variation in marine productivity
translated to changes in foraged resource return rates along the
northern Pacific Rim is unknown, but because of the inherent dif-
ficulty of quantifying paleoecological productivity at landscape
scales, it may be necessary to accept presence/absence information
about species availability as indicators of environmental resource
availability (e.g., Pedersen et al., 2016).

H3 Test e If paleoenvironmental and paleoecological proxy re-
cords from northern Pacific Rim coastal environments show the
presence of marine resources that are known to support later
period coastal foragers then this hypothesis will be falsified. The
complex interplay between advancing and retreating glacial ice
lobes, neotectonic deformation of coastal landscapes under gla-
cioisostatic stresses, and the history of landform emergence and
submergence driven by relative sea level trends produced a highly
dynamic environment for the northern Pacific Rim’s earliest
foraging peoples. While we often assume that a coastal migration
would require boat travel around glacial ice or between islands,
there may have been times when paleoenvironmental conditions
produced more extensive terrestrial passages than others.
Expanding the search for ice-free terrestrial paleolandscape fea-
tures along the northern Pacific Rim both above and below sea level
will improve our understanding of regional Pleistocene paleo-
environmental contexts and can aid in identifying stratigraphic
units that hold important proxy paleoecological and archaeological
records. Thus, the search for and study of late Pleistocene terrestrial
landscape features and the stratigraphic records they hold is
fundamental to the study of the CMT. Suitable paleoecological tests
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could involve the study of eDNA records, micro/macrofossil as-
semblages, isotopic, biochemical, and other suitable proxy in-
dicators obtained from late Pleistocene-aged sediments cored from
submerged terrestrial landforms or, alternatively, extracted from
nearshore lakes and ponds that remained above sea level since the
LGM.

Hypothesis 4. e Archaeological sites predating the earliest sites
south of North America’s continental ice sheets will not be located
along the coastlines of southern Alaska and British Columbia.

If the initial migrants into the Americas followed a Pacific coastal
route of entry, then we should find archaeological evidence of this
journey and subsequent settlement. Finding archaeological evi-
dence along the northeastern Pacific coastline is extremely chal-
lenging due to the effects that postglacial marine transgression and
deglaciation had on landscapes and any sites they might have held.
In many parts of the coast, early sites will likely be deeply sub-
merged and probably buried beneath thick deposits of marine and
terrigeneous sediments. In other areas where glacioisostatic-driven
crustal uplift closely tracked rising sea levels, late Pleistocene-aged
coastal sites may exist at or above the modern shoreline (Fedje
et al., 2015; Fedje and Christensen, 1999; Fedje et al., 2018; McLaren
et al., 2020). Searching for archaeological evidence in this dynamic
glacially active coastal environment will be challenging and will
require robust multidisciplinary efforts to find, characterize, and
sample buried and submerged deposits that contain archaeological
evidence older than ~16 ka. Given that submerged late Pleistocene-
aged and Holocene-aged sites have been found previously on
continental shelf zones in the Americas and elsewhere (e.g., Stan-
ford et al., 2014; Faught and Gusick, 2011; Peeters et al., 2019) we
have reasons to expect that continued search efforts will lead to
discoveries of submerged precontact sites along the northeastern
Pacific rim. Two research projects funded by the U.S. Bureau of
Ocean Energy Management and the U.S. National Oceanic and At-
mospheric Administration are currently underway in California and
Oregon (Braje et al., 2019; Klotsko et al., 2020) that are focused on
modeling submerged coastal landscapes, coring potential sub-
merged paleolandforms, and recovering associated archaeological
evidencedprecisely the kinds of approaches needed to find evi-
dence of an initial human migration along the Pacific coast.

North and South American LGM coastal sites may also be found
inland where critical resources were located. For example, on
Cedros Island in Baja California, archaeological evidence of late
Pleistocene offshore deep-sea fishing was found concentrated at
freshwater spring sources located many kilometers inland from the
ancient shoreline (Des Lauriers et al., 2018). At the Indian Sands site
on the southern Oregon coast late Pleistocene foragers appear to
have ventured inland to exploit local chert toolstone in order to
repair hunting equipment (Davis, 2006, 2008; Davis et al., 2004;
Davis and Willis, 2011). Finally, marine resources found at Monte
Verde and Huaca Prieta suggest coastal foragers included inland
sites as part of a generalized coastal/terrestrial foraging adaptation
(Dillehay et al., 2008, 2017).

H4 Test e Discovering northeastern Pacific coastal sites that
predate archaeological evidence found south of North American ice
sheets will falsify this hypothesis. So far, systematic efforts to find
Pleistocene-aged archaeological sites along the northeastern Pacific
Rim region have led to the discovery of sites ranging in age from ~13
to 12 ka at several locations (Fig.1). Intensive geoarchaeological and
archaeological investigations to locate and test late Pleistocene-
aged deposits along the Alaskan and British Columbian coastlines
have focused thus far on relatively small areas within an otherwise
large geographic region. Research efforts must be significantly
expanded here to provide a meaningful test of this hypothesis.
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Hypothesis 5. e Initial human migrants employed true maritime
technological adaptations during their journey to the Americas.

If the First Americans employed a comprehensive adaptation to
coastal environments as they followed a route of initial entry into
North America along the northern Pacific Rim, we should see
archaeological evidence of an expansive maritime adaptation to a
broad range of Pleistocene coastal resources that demonstrates an
ability to forage beyond the limits of the littoral/nearshore zone.
Such an archaeological signature of this maritime maximization
adaptation may be seen in the presence of specialized tools used to
extract marine resources from ocean environments that extend
well beyond the shoreline and should differ, perhaps in an additive
fashion, from the archaeological signature of subsistence activities
related to nearshore adaptations. A true maritime maximization
adaptation should be reflected in an archaeological assemblage that
contains specialized tools, such as shell/bone hooks and harpoons
that significantly extend the foraging reach beyond the shoreline,
and most importantly, the associated remains of marine animals
that live in ocean habitats that cannot be accessed from littoral/
nearshore zones.

H5 Test e Excavation of northeastern Pacific coastal archaeo-
logical sites that reveal cultural components that predate 16 ka but
consistently lack evidence of maritime maximization adaptations,
will falsify this hypothesis. Here again, tests of this hypothesis are
dependent on an intensified search for early coastal sites as noted
for H4.

Hypothesis 6. e Initial human migrants lacked true maritime ad-
aptations during their journey to the Americas but developed them
after arrival.

If the First Americans did not bring a deep adaptation to marine
ecosystems with them during their initial migration into the
Americas, but instead possessed a more generalized terrestrial and
nearshore orientation to subsistence pursuits, thenwe should see a
more restricted adaptation to a limited range of Pleistocene coastal
environments that are limited to the nearshore zone. Such an
archaeological signature of this maritime minimization adaptation
should be seen in the presence of generalized tools that can be used
to extract a broad-based economy that includes both terrestrial and
marine resources from coastal environments that are easily
accessed along the littoral/nearshore zone. The development of
more complex, specialized approaches to marine resource extrac-
tion, like those seen in the manufacture and use of shell fishhooks
to capture deep sea fishes offshore of Cedros Island in Baja Cali-
fornia, will be absent because they represent later developments
within coastal communities after the initial period of entry into the
Americas. Under this hypothesis, the similarities seen between
shell fishhooks found in southern Japan and northwestern Mexico
can be explained merely as the result of evolutionary convergence
working to produce similar technological solutions to similar ma-
rine resource opportunities.

H6 Test - Finding evidence of maritime maximization adapta-
tions in northeastern Pacific coastal sites predating 16 kawill falsify
this hypothesis. Like H4 and H5, falsification is dependent on an
increase in archaeological explorations focused on the coastal
margins of the northern Pacific Rim.

Hypothesis 7. e Kelp forest productivity increased significantly
during the late Pleistocene under glacial conditions, enabling migra-
tion along the northern Pacific Rim and into the Americas by foragers
focused primarily on the exploitation of resources in that ecosystem.

This hypothesis focuses on the role of kelp forest ecosystems
from four related perspectives. According to Erlandson (2013), the
central premise of the Kelp Highway hypothesis (KHH) is: “The
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ecologically based Kelp Highway Hypothesis proposes that coastal
peoples may have followed the shorelines of the Pacific Rim from
northeast Asia into the Americas, migrating along a linear route
with no major obstacles after about 16,000 years ago, through
productive coastal habitats that offered a variety of very similar
marine species (e.g., seals, sea otters, cetaceans, shellfish, seaweeds,
etc.) along the way (Erlandson et al., 2007).” While the idea that
coastal environments could have supported early migrants had
been stated earlier (e.g., Fladmark, 1978), the concern with the
productivity of Pleistocene coastal environments is important (see
Hypothesis 3) and published discussion of the KHH presents key
arguments that coastal ecosystems are resource rich, present a
relatively predictable environmental structure through a wide
range of latitudes, and as such are expected to have sufficiently
supported human migration into the Americas during the late
Pleistocene.

Erlandson et al. (2007; see also Erlandson et al., 2015) also
suggest that kelp forests of the North Pacific expanded significantly
beyond their modern extents under the glacial conditions of the
late Pleistocene to create a continuous nearshore marine ecozone
along the northern Pacific Rim that provided an enhanced resource
corridor (a “kelp highway”) that attracted and supported human
migrants into the Americas. If this is true, then we should expect
that the archaeological record of an initial coastal migration will
reflect a foraging specialization on kelp forest exploitation.
Devising a test for resource productivity aspects of the KHH re-
quires care since many of the animals found within kelp forests do
not exclusively live in these environments. For example, kelp bass
(Paralabrax clathratus), despite their common name, are not
definitive indicators of a kelp forest since they will “… congregate
around any type of structure, like shipwrecks, rocks, pipes and
pilings” (Monterey Bay Aquarium, 2020). Modern northern Pacific
sea otters (Enhydra lutris lutris, E. lutris kenyoni, E. lutris nereis) favor
outer coast kelp forests but do not forage there exclusively and are
also seen to live in inner coast seagrass and saltmarsh habitats
(Johnson et al., 1994; Allen and Hovey, 2001; Tinker et al., 2017;
Lowe et al., 2003). As a result, finding the remains of otters and kelp
bass in an archaeological site might suggest support for the KHH,
but could also signal other kinds of habitats; thus, these faunas are
equivocal proxy indicators for kelp forests. That said, some kelp
obligate species do exist (Graham, 2004:Fig. 2B), including kelp
crabs (Pugettia producta), umbrella crabs (Cryptolithodes sitchensis),
certain hydroids (e.g., Sertularella sp.), and a variety of macroalgae
and sponges that could be found in late Pleistocene sites. For
example, at the Monte Verde site in Chile, Dillehay et al. (2008)
report the discovery of nine species of marine algae from cultural
features directly radiocarbon dated between 14.2e13.9 ka, which
support interpretations about Pleistocene marine environments in
nearby coastal areas. A broader array of marine floral and faunal
species prefer to exploit (but are not obligate to) the trophic
framework that kelp forests provide (Graham, 2004:Table 1). These
nonobligate kelp forest associated taxa include even more marine
mammals, fishes, crustaceans, mollusks, algae, and other in-
vertebrates (Graham, 2004:Table 1A); however, the list of ubiqui-
tous marine species that show no clear preference to kelp forests is
even longer (Graham, 2004:Table 1B). Thus, except in cases where
kelp-obligate species are found, it will be challenging to quantify
the degree to which kelp forests were present along Pleistocene
coastlines in the past and how they were used by early coastal
foragers.

Questions about the KHH can thus be posed in a variety of ways:
1) were kelp forests more continuously present around the
northern Pacific Rim during the LGM than they are today; 2) were
northern Pacific Rim marine resources significantly more produc-
tive immediately prior to the appearance of people in sub-glacial
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North America; 3) were coastal foragers focused primarily on other
offshore, littoral, and nearshore zone resources; or 4) did coastal
foragers focus on kelp forests because they provide a more pro-
ductive (i.e., have a higher return rate per work unit) resource patch
than do other coastal resource patches? If kelp forests were neither
more plentiful nor more productive in the Pleistocene and/or were
merely one of many resource patches exploited by early coastal
peoples then kelp ecosystems may not have played an oversized
role in promoting an initial migration into the Americas. These and
othermore readily testable questions help focus the larger question
of whether or not and to what degree early peoples specifically
used kelp forest resources as they migrated into the Americas.

H7 Tests - Finding that kelp forest ecosystems were geospatially
and temporally discontinuous over large stretches of the northern
Pacific Rim before ~16 ka will falsify this hypothesis. Finding that
the productivity of the kelp forest ecosystems during the LGM was
the same as, or lower than, modern conditions will also falsify this
hypothesis. Finally, finding that early ANA populations were not
significantly focused on kelp forest resources but rather foraged
more broadly for resources above and below sea level within the
littoral and nearshore zones as a whole would falsify this hypoth-
esis. Measuring the presence and relative distribution of kelp for-
ests along Pleistocene shorelines could be achieved through the
study of fossil remnants or proxy indicators of kelp forest obligates
(e.g., eDNA, isotopic signatures, biochemical markers) held in cored
sediments sampled from dated coastal stratigraphic sequences.
Building on these proxy studies, the intensity of subsistence focus
that early coastal foragers directed toward kelp forest ecosystems
could be achieved by devising microeconomic analyses of the
relative presence of kelp obligate and kelp-nonobligate faunal and
floral remains preserved in archaeological sites.
10. Summary and conclusions

Based on the overwhelming genetic evidence that the indige-
nous peoples of the Americas share ancestral origins in Northeast
Asia, coupled with the recent discovery of multiple archaeological
occurrences of humans south of North American continental ice
sheets prior to an opening of an ice-free corridor, we logically
conclude that the First Americans initially migrated from Asia via a
coastal route of entry before ~16 ka.While our understanding of the
paleoenvironmental context of the northern Pacific coastline is
imperfect, the current state of knowledge about this region in-
dicates that Pleistocene peoples had many opportunities to travel
along lowered shorelines into the Americas.

Given the timing and technological nature of the earliest
archaeological evidence in North America, we argue that the closest
archaeological ancestor can be seen in the Japan/PSHK archipelago
and not in Beringia. Currently there is no evidence suggesting
Beringia was occupied during the time when humans were initially
present south of the continental ice sheets, casting doubt that
Beringia was the location of any “genetic standstill” that happened
during the late Pleistocene. While the absence of evidence is not
definitive, the failure of archaeological research in the Beringian
region to uncover any such evidencemay be telling.While there are
no known Pacific coastal sites in North America predating ~16 ka,
we hypothesize that because of inland North American sites such as
Cooper’s Ferry (Davis et al., 2019) dating to ~16 ka and near coastal
sites with evidence of marine resource acquisition in South Amer-
ica dating to as early as ~15 ka, such as Huaca Prieta (Dillehay et al.,
2017), archaeological evidencewill be found for an initial migration
along the northeastern Pacific coastline.

Although many people have written about the role a Pacific
coastal migration may have had in explaining the initial peopling of
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the Americas, these ideas have not yet been framed in terms of
falsifiable hypotheses; nor has the evidence against an interior
route of migration been so strong. In light of these developments,
we articulate an overarching Coastal Migration Theory and offer a
series of working hypotheses that, in their pursuit, can provide a
scientific approach to evaluating various elements of the CMT. As
research moves forward in the search for archaeological sites
containing evidence for human occupation on the northeastern
Pacific coast that is at least coeval with known pre-Clovis-aged sites
in mid-latitude North America, it is imperative that research in-
cludes a focus on retrieving information about the past that can
help to address the hypotheses we present here. By articulating a
Coastal Migration Theory, we hope it will stimulate a new gener-
ation of sustained, focused multidisciplinary research projects that
contribute critical information to the themes we describe.

Declaration of competing interest

The authors declare that they have no known competing
financial interests or personal relationships that could have
appeared to influence the work reported in this paper.

Acknowledgments

Thanks to Ian Buvit, Anna Linderholm, and Masami Izuho for
their constructive comments on an earlier version of this paper. We
also appreciate the helpful and insightful reviews provided by Jon
Erlandson and a second anonymous referee. Davis is supported by a
U.S. Bureau of Ocean Energy Management Cooperative Agreement
Award (No. M15AC00012), the U.S. National Oceanic and Atmo-
spheric Administration’s Office of Exploration and Research (award
NA16OAR0110197), the Bernice Peltier Huber Charitable Trust, and
the Keystone Archaeological Research Fund.

References

Acosta, J. de, 1604. The Natural and Moral History of the Indies. Reprinted from the
English Translated Edition of Edward Grimston and. In: Markham, Clements R.
(Ed.). Hakluyt Society, London.

Allen, L.G., Hovey, T.E., 2001. Kelp bass. In: Larson, E.J. (Ed.), California’s Living
Marine Resources: A Status Report. University of California Press, Davis,
pp. 222e223.

Andrefsky Jr., W., 1987. Diffusion and innovation from the perspective of wedge
shaped cores in Alaska and Japan. In: Johnson, J.K., Morrow, C.A. (Eds.), The
Organization of Core Technology, Westview, Boulder, pp. 13e43.

Bae, K., 2017. Paleolithic archaeology in Korea. In: Habu, J., Lape, P.V., Olsen, J.W.
(Eds.), Handbook of East and Southeast Asian Archaeology. Springer, New York,
pp. 219e239.

Befu, H., Chard, C.S., 1960. Preceramic cultures in Japan. Am. Anthropol. 62 (5),
815e849.

Braje, T.J., Dillehay, T.D., Erlandson, J.M., Klein, R.G., Rick, T.C., 2017. Finding the first
Americans. Science 358, 592e594.

Braje, T.J., Erlandson, J.M., Rick, T.C., Davis, L.G., Dillehay, T.D., Fedje, D.W., Froese, D.,
Gusick, A.E., Mackie, Q., McLaren, D., Pitblado, B.L., Raff, J., Reeder-Myers, L.,
Waters, M.R., 2020. Fladmark þ40: what have we learned about a potential
Pacific coast peopling of the Americas? Am. Antiq. 85 (1), 1e21.

Braje, T.J., Maloney, J.M., Gusick, A.E., Erlandson, J.M., Nyers, A.J., Davis, L.G., Gill, K.,
Reeder-Myers, L., Ball, D., 2019. Working from the known to the unknown:
linking the subaerial archaeology and submerged paleogeography of Santarosae
Island, California. Open Quat. 5 (10), 1e15.

Briner, J.P., Tulenko, J.P., Kaufman, D.S., Young, N.E., Baichtal, J.F., Lesnek, A., 2017.
The last deglaciation of Alaska. Cuadernos de Investigaci�on Geogr�afica 43.
https://doi.org/10.18172/cig.3229.

Bryan, A.L., 1978. An overview of Paleo-American prehistory from a circum-Pacific
perspective. In: Bryan, A.L. (Ed.), Early Man in America from a Circum-Pacific
Perspective, vol. 1. Occasional Papers of the University of Alberta, pp. 306e327.

Busch, L., 1994. A glimmer of hope for coastal migration. Science 263 (5150),
1088e1090.

Buvit, I., Rasic, J., Kuehn, S.R., Hedman, W.H., 2018. Fluted projectile points in a
stratified context at the Raven Bluff site document a late arrival of Paleoindian
technology in northwest Alaska. Geoarchaeology 34, 3e14.

Clark, J., Mitrovica, J.X., Alder, J., 2014. Coastal paleogeography of the Cal-
iforniaeOregoneWashington and Bering Sea continental shelves during the
latest Pleistocene and Holocene: implications for the archaeological record.

http://refhub.elsevier.com/S0277-3791(20)30567-9/sref1
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref1
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref1
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref3
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref3
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref3
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref3
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref4
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref4
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref4
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref4
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref5
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref5
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref5
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref5
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref6
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref6
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref6
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref7
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref7
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref7
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref8
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref8
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref8
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref8
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref8
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref8
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref9
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref9
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref9
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref9
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref9
https://doi.org/10.18172/cig.3229
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref11
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref11
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref11
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref11
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref12
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref12
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref12
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref13
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref13
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref13
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref13
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref15
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref15
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref15
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref15
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref15


L.G. Davis and D.B. Madsen Quaternary Science Reviews 249 (2020) 106605
J. Archaeol. Sci. 52, 12e23.
Clark, P.U., Dyke, A.S., Shakun, J.D., Carlson, A.E., Clark, J., Wohlfarth, B.,

Mitrovica, J.X., Hostetler, S.W., McCabe, A.M., 2009. The last glacial maximum.
Science 325, 710e714.

Coutouly, Y.A.G., 2018. The emergence of pressure knapping microblade technology
in Northeast Asia. Radiocarbon 60, 821e855.

Davis, L.G., 2006. Geoarchaeological insights from Indian Sands, a late Pleistocene
site on the southern northwest coast. Geoarchaeology 21 (4), 351e361.

Davis, L.G., 2008. New support for a late Pleistocene-aged coastal occupation at the
Indian Sands site, Oregon. Curr. Res. Pleistocene 25, 74e76.

Davis, L.G., 2011. The Paleocoastal concept reconsidered. In: Bicho, N., Haws, J.,
Davis, L.G. (Eds.), Trekking the Shore: Changing Coastlines and the Antiquity of
Coastal Settlement. Springer Publishing Company, New York, pp. 3e26.

Davis, L.G., Madsen, D.B., Becerra-Valdivia, L., Higham, T., Sisson, D.A., Skinner, S.M.,
Stueber, D., Nyers, A.J., Keen-Zebert, A., Neudorf, C., Cheyney, M., Izuho, M.,
Iizuka, F., Burns, S.R., Epps, C.W., Willis, S.C., Buvit, I., 2019. Late upper paleo-
lithic occupation at Cooper’s Ferry, Idaho, USA, ~16,000 Years ago. Science 365,
891e897.

Davis, L.G., Punke, M.L., Hall, R.L., Fillmore, M., Willis, S.C., 2004. Evidence for late
Pleistocene occupation on the southern northwest coast. J. Field Archaeol. 29
(1), 7e16.

Davis, L.G., Willis, S.C., 2011. Technology, mobility, and adaptation among early
foragers of the southern Northwest Coast: the view from Indian Sands,
southern Oregon Coast, USA. In: Bicho, N., Haws, J., Davis, L.G. (Eds.), Trekking
the Shore: Changing Coastlines and the Antiquity of Coastal Settlement.
Springer Publishing Company, New York, pp. 137e160.

Des Lauriers, M.R., 2010. Island of Fogs: Archaeological and Ethnohistorical In-
vestigations of Isla Cedros, Baja California. University of Utah Press, Salt Lake
City.

Des Lauriers, M.R., Davis, L.G., Turnbull III, J., Southon, J.R., Taylor, R.E., 2017. Earliest
shell fishhooks in Americas reveal technology of Pleistocene maritime foragers.
Am. Antiq. 82 (3), 498e516.

Deschamps, P., Durand, N., Bard, E., Hamelin, B., Camoin, G., Thomas, A.L.,
Henderson, G.M., Okuno, J., Yokoyama, Y., 2012. Ice-sheet collapse and sea-level
rise at the Bølling warming 14,600 years ago. Nature 483, 559e564.

Dillehay, T.D., 1997. Monte Verde: a late Pleistocene settlement in Chile. In: The
Archaeological Context and Interpretation, vol. 2. Smithsonian Institution Press,
Washington, DC.

Dillehay, T.D., Ramírez, C., Pino, M., Collins, M.B., Rossen, J., Pino-Navarro, J.D., 2008.
Monte Verde: seaweed, food, medicine, and the peopling of South America.
Science 320 (5877), 784e786.

Dillehay, T.D., Bonavia, D., Goodbred, S., Pino, M., V�asquez, V., Rosales Tham, T.,
2012. A late Pleistocene human presence at Huaca Prieta, Peru, and early Pacific
coastal adaptations. Quat. Res. 77 (3), 418e423.

Dillehay, T.D., Goodbred, S., Pino, M., V�asquez S�anchez, V.F., Rosales Tham, T.,
Adovasio, J., Collins, M.B., Netherly, P.J., Hastorf, C.A., Chiou, K.L., Piperno, D.,
Rey, I., Velchoff, N., 2017. Simple technologies and diverse food strategies of the
late Pleistocene and early Holocene at Huaca Prieta, coastal Peru. Sci. Adv. 3,
e1602778.

Dixon, E.J., 1993. Quest for the Origins of the First Americans. University of New
Mexico Press, Albuquerque.

Dixon, E.J., 1999. Bones, Boats, and Bison. University of New Mexico Press,
Albuquerque.

Dixon, E.J., 2008. Bifaces from on your knees cave, southeast Alaska. In: Carlson, R.L.,
Magne, M.P.R. (Eds.), Projectile Point Sequences in Northwestern North Amer-
ica. Archaeology Press, Burnaby, British Columbia, pp. 11e18.

Dixon, E.J., 2013. Late Pleistocene colonization of North America from Northeast
Asia: new insights from large-scale paleogeographic reconstructions. Quat. Int.
285, 57e67.

Dyke, A.S., 2004. An outline of North American deglaciation with emphasis on
central and northern Canada. In: Ehlers, J., Gibbard, P.J. (Eds.), Quaternary Gla-
ciationsdExtent And Chronology, Part II. Elsevier, Amsterdam, pp. 373e424.

Easton, N.A., 1992. Mal de mer above terra incognita, or, "What ails the coastal
migration theory? Arctic Anthropol. 28e41.

Elias, S., Brigham-Grette, J., 2013. Late Pleistocene glacial events in Beringia. In:
Elias, S.A., Mock, C.J. (Eds.), Encyclopedia of Quaternary Science, second ed.
Elsevier, Amsterdam, pp. 191e201.

Erlandson, J.M., 1994. Early maritime adaptations on the northern Channel islands.
In: Erlandson, J.M., Colten, R.H. (Eds.), Hunter-gatherers of Early Holocene
Coastal California. Institute of Archaeology, University of California, Los Angeles,
pp. 101e112.

Erlandson, J.M., 2002. Anatomically modern humans, maritime voyaging, and the
Pleistocene colonization of the Americas. In: Jablonski, N.G. (Ed.), First Ameri-
cans: the Pleistocene Colonization of the New World, vol. 27. Memoirs of the
California Academy of Science, Berkeley, pp. 59e92.

Erlandson, J.M., 2013. After clovis-first collapsed: reimagining the peopling of the
Americas. In: Graf, K.E., Ketron, C.V., Waters, M.R. (Eds.), PaleoAmerican Odys-
sey. Center for the Study of the First Americans, Texas A&M University, College
Station, pp. 127e132.

Erlandson, J.M., Braje, T.J., 2011. From Asia to the Americas by boat? Paleogeography,
paleoecology, and stemmed points of the northwest Pacific. Quat. Int. 239,
28e37.

Erlandson, J.M., Colten, R.H. (Eds.), 1994. Hunter-gatherers of Early Holocene Coastal
California. Institute of Archaeology, University of California, Los Angeles.

Erlandson, J.M., Graham, M.H., Bourque, B.J., Corbett, D., Estes, J.A., Steneck, R.S.,
11
2007. The kelp highway hypothesis: marine ecology, the coastal migration
theory, and the peopling of the Americas. J. of Isl. and Coast. Archaeol. 2 (2),
161e174.

Erlandson, J.M., Braje, T.J., Gill, K.M., Graham, M.H., 2015. Ecology of the kelp
highway: did marine resources facilitate human dispersal from northeast Asia
to the Americas? J. of Isl. and Coast. Archaeol. 10, 392e411.

Erlandson, J.M., Rick, T.C., Braje, T.J., Casperson, M., Culleton, B.J., Fulfrost, B.,
Garcia, T., Guthrie, D.A., Jew, N., Kennett, D.J., Moss, M.L., Reeder, L., Skinner, C.,
Watts, J., Willis, L., 2011. Paleoindian seafaring, maritime technologies, and
coastal foraging on California’s Channel Islands. Science 331 (6021), 1181e1185.

Faught, M.K., 2017. Where was the PaleoAmerind standstill? Quat. Int. 444, 10e18.
Faught, M.K., Gusick, A.E., 2011. Submerged prehistory in the Americas. In:

Benjamin, J., Bonsall, C., Pickard, C., Fischer, A. (Eds.), Submerged Prehistory.
Oxbow Books, Oxford, pp. 145e157.

Fedje, D.W., Christensen, T., 1999. Modelling paleoshorelines and locating early
Holocene coastal sites in Haida Gwaii. Am. Antiq. 64, 635e652.

Fedje, D.W., Magne, M.P.R., Christensen, T., 2005. Test excavations at raised beach
sites in southern Haida Gwaii and their significance to Northwest Coast
archaeology. In: Fedje, D.W., Mathewes, R.W. (Eds.), Haida Gwaii: Human His-
tory and Environment from the Time of Loon to the Time of the Iron People.
University of British Columbia Press, Vancouver and Toronto, pp. 245e273.

Fedje, D.W., Mackie, Q., McLaren, D., Christensen, T., 2008. A projectile point
sequence for Haida Gwaii. In: Carlson, R.L., Magne, M.P.R. (Eds.), Projectile Point
Sequences in Northwestern North America. Archaeology Press, Burnaby, British
Columbia, pp. 19e40.

Fedje, D.W., McLaren, D., James, T.S., Mackie, Q., Smith, N.F., Southon, J.R.,
Mackie, A.P., 2018. A revised sea level history for the northern Strait of Georgia,
British Columbia, Canada. Quat. Sci. Rev. 192, 300e316.

Fedje, D.W., Mackie, Q., Smith, N.F., McLaren, D., 2011. Function, visibility, and
interpretation of archaeological assemblages at the Pleistocene/Holocene
transition in Haida Gwaii. In: Goebel, T., Buvit, I. (Eds.), From the Yenisei to the
Yukon: Interpreting Lithic Assemblage Variability in Late Pleistocene/Early
Holocene Beringia. Texas A&M University Press, College Station, pp. 323e342.

Fladmark, K.R., 1978. The feasibility of the Northwest Coast as a migration route for
early man. In: Bryan, A.L. (Ed.), Early Man In America from a Circum-Pacific
Perspective. Occasional Papers of the Department of Anthropology, No. 1. Uni-
versity of Alberta, Edmonton, pp. 119e128.

Fladmark, K.R., 1979. Routes: alternate migration corridors for early man in North
America. Am. Antiq. 44, 55e69.

Fujita, H., 2014. Early Holocene pearl oyster circular fishhooks and ornaments of
espíritu santo island, Baja California sur. West. N. Am. Nat. 7, 129e134.

Fujita, M., Yamasaki, S., Katagiri, C., Oshiro, I., Sano, K., Kurozumi, T., Sugawara, H.,
Kunikita, D., Matsuzaki, H., Kano, A., Okumura, T., Sone, T., Fujita, H.,
Kobayashi, S., Naruse, T., Kondo, M., Matsu’ura, S., Suwa, G., Kaifu, Y., 2016.
Advanced maritime adaptation in the western Pacific coastal region extends
back to 35,000-30,000 years before present. Proc. Natl. Acad. Sci. Unit. States
Am. 113, 11184e11189.

Gakuhari, T., Nakagome, S., Rasumussen, S., Allentoft, M., Sato, T., Korneliussen, T.,
Ni Chuinneagain, B., Matsumae, H., Koganebuchi, K., Schmidt, R., Mizushima, S.,
Kondo, O., Shigehara, N., Yoneda, M., Kimura, R., Ishida, H., Masuyama, Y.,
Yamada, Y., Tajima, A., Shibata, H., Toyoda, A., Tsurumoto, T., Wakebe, T.,
Shitara, H., Hanihara, T., Willerslev, E., Sikora, M., Oota, H., 2019. Jomon Genome
Sheds Light on East Asian Population History bioRxiv 579177.

Gilbert, M.T.P., Jenkins, D.L., G€otherstrom, A., Naveran, N., Sanchez, J.J., Hofreiter, M.,
Thomsen, P.F., Binladen, J., Higham, T.F.G., Yohe II, R.M., Parr, R., Scott
Cummings, L., Willerslev, E., 2009. DNA from Pre-Clovis human coprolites in
Oregon, North America. Science 230, 787e789.

Goebel, T., 2004. The search for a Clovis progenitor in sub-arctic Siberia. In:
Madsen, D.B. (Ed.), Entering America: Northeast Asia and Beringia before the
Last Glacial Maximum. University of Utah Press, Salt Lake City, pp. 311e356.

Goebel, T., Smith, H.L., DiPietro, L., Waters, M.R., Hockett, B., Graf, K.E., Gal, R.,
Slobodin, S.B., Speakman, R.J., Driese, S.G., Rhode, D., 2013. Serpentine Hot
Springs Alaska: results of excavations and implications for the age and signif-
icance of northern fluted points. J. Archaeol. Sci. 40, 4222e4233.

Goebel, T., Powers, W.R., Bigelow, N.H., Higgs, A.S., 1996. Walker road. In: West, F.H.
(Ed.), American Beginnings: the Prehistory and Palaeoecology of Beringia.
University of Chicago Press, Chicago, pp. 356e363.

Goebel, T., Waters, M.R., Meshcherin, M.N., 2000b. Masterov kliuch and the early
upper paleolithic of the transbaikal, Siberia. Asian Perspect. 39 (1/2), 47e70.

Goebel, T., Waters, M.R., Dikova, M., 2003. The archaeology of Ushki lake, Kam-
chatka, and the Pleistocene peopling of the Americas. Science 301, 501e505.

Goebel, T., Waters, M.R., Buvit, I., Konstantinov, M.V., Konstantinov, A.V., 2000a.
Studenoe-2 and the origins of microblade technologies in the Transbaikal,
Siberia. Antiq 74, 567e575.

Graf, K.E., Bigelow, N.H., 2011. Human response to climate during the Younger Dryas
chronozone in central Alaska. Quat. Int. 242, 343e451.

Graf, K.E., Buvit, I., 2017. Human dispersal from Siberia to Beringia: assessing a
Beringian standstill in light of the archaeological evidence. Curr. Anthropol. 58
(17), S583eS603.

Graf, K.E., DiPietro, L.M., Krasinski, K.E., Gore, A.K., Smith, H.L., Culleton, B.J.,
Kennett, D.J., Rhode, D., 2015. Dry Creek revisited: new excavations, radiocarbon
dates, and site formation inform on the peopling of eastern Beringia. Am. Antiq.
80 (4), 671e694.

Gruhn, Ruth, 1994. The Pacific Coast route of initial entry: an overview. In:
Bonnichsen, R., Steele, D.G. (Eds.), Methods and Theory for Investigating the

http://refhub.elsevier.com/S0277-3791(20)30567-9/sref15
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref15
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref16
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref16
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref16
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref16
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref17
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref17
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref17
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref18
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref18
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref18
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref19
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref19
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref19
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref20
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref20
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref20
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref20
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref21
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref21
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref21
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref21
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref21
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref21
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref22
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref22
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref22
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref22
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref23
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref23
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref23
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref23
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref23
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref23
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref24
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref24
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref24
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref25
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref25
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref25
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref25
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref26
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref26
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref26
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref26
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref26
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref27
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref27
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref27
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref28
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref28
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref28
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref28
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref29
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref29
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref29
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref29
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref29
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref30
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref30
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref30
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref30
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref30
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref30
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref30
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref31
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref31
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref32
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref32
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref33
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref33
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref33
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref33
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref34
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref34
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref34
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref34
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref36
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref36
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref36
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref36
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref36
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref37
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref37
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref37
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref38
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref38
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref38
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref38
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref39
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref39
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref39
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref39
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref39
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref40
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref40
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref40
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref40
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref40
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref41
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref41
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref41
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref41
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref41
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref41
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref42
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref42
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref42
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref42
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref43
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref43
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref44
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref44
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref44
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref44
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref44
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref45
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref45
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref45
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref45
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref46
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref46
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref46
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref46
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref46
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref47
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref47
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref48
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref48
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref48
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref48
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref49
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref49
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref49
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref50
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref50
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref50
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref50
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref50
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref50
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref51
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref51
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref51
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref51
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref51
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref52
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref52
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref52
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref52
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref53
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref53
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref53
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref53
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref53
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref53
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref53
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref54
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref54
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref54
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref54
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref54
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref55
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref55
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref55
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref56
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref56
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref56
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref57
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref57
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref57
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref57
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref57
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref57
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref57
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref58
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref58
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref58
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref58
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref58
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref58
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref59
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref59
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref59
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref59
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref59
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref59
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref60
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref60
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref60
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref60
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref61
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref61
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref61
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref61
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref61
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref62
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref62
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref62
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref62
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref63
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref63
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref63
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref64
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref64
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref64
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref65
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref65
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref65
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref65
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref66
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref66
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref66
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref67
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref67
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref67
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref67
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref68
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref68
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref68
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref68
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref68
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref69
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref69


L.G. Davis and D.B. Madsen Quaternary Science Reviews 249 (2020) 106605
Peopling of the Americas. Center for the Study of the First Americans, Oregon
State University, Corvallis, pp. 249e256.

Halligan, J.J., Waters, M.R., Perrotti, A., Owens, I.J., Feinberg, J.M., Bourne, M.D.,
Fenerty, B., Winsborough, B., Carlson, D., Fisher, D.C., Stafford Jr., T.W.,
Dunbar, J.S., 2016. Pre-Clovis occupation 14,550 years ago at the Page-Ladson
site, Florida, and the peopling of the Americas. Sci. Adv. 2 (5), e1600375.

Haynes Jr., C.V., 1964. Fluted projectile points: their age and dispersion. Science 145
(3639), 1408e1413.

Haynes Jr., C.V., 1980. The Clovis culture. Can. J. Anthropol. 1 (1), 115e121.
Haynes Jr., C.V., 1982. Were Clovis progenitors in Beringia? In: Hopkins, D.M.,

Matthews, J.V., Schweger, C.E., Young, S.B. (Eds.), Paleoecology of Beringia. Ac-
ademic Press, New York, pp. 383e398.

Haynes Jr., C.V., 1987. Clovis origin update. KIVA 52 (2), 83e93.
Haynes Jr., C.V., 1992. C-14 dating of the peopling of the New World. In: Taylor, R.E.,

Long, A., Kra, R. (Eds.), Radiocarbon after Four Decades: an Interdisciplinary
Perspective. Springer Verlag, New York, pp. 503e518.

Haynes Jr., C.V., Donahue, D.J., Jull, A.T., Zabel, T.H., 1984. Application of accelerator
dating to fluted point paleoindian sites. Archaeol. E. N. Am. 12, 184e191.

Haynes, G., 2002. The Early Settlement of North America: the Clovis Era. Cambridge
University Press, New York.

Haynes, G., 2015. The millennium before Clovis. Pal�eo 1 (2), 134e162.
Heaton, T.H., Grady, F., 2003. The late Wisconsin vertebrate history of Prince of

Wales Island, southeast Alaska. In: Schuber, B.W., Mean, J.I., Graham, R.W. (Eds.),
Ice Age Cave Faunas of North America. Indiana University Press, Bloomington,
pp. 17e53.

Heaton, T.H., Talbot, S.L., Shields, G.F., 1996. An ice age refugium for large mammals
in the Alexander Archipelago, southeastern Alaska. Quat. Res. 46 (2), 186e192.

Heintzman, P.D., Froese, D., Ives, J.W., Soares, A.E.R., Zazula, G.D., Letts, B.,
Andrews, T.D., Driver, J.C., Hall, E., Hare, P.G., Jassi, C.N., MacKay, G., Southon, J.R.,
Stiller, M., Woywitka, R., Suchard, M.A., Shapiro, B., 2016. Bison phylogeography
constrains dispersal and viability of the Ice Free Corridor in western Canada.
Proc. Natl. Acad. Sci. U.S.A. 113 (29), 8057e8063.

Heusser, C.J., 1960. Late Pleistocene environments of pacific north America. Am.
Geol. Soc. Spec. Pub. 35.

Hirasawa, Y., Holmes, C.E., 2017. The relationship between microblade morphology
and production technology in Alaska from the perspective of the Swan Point
site. Quat. Int. 442, 104e117.

Hoffecker, J.F., Elias, S.A., O’Rourke, D.H., Scott, G.R., Bigelow, N.H., 2016. Beringia
and the global dispersal of modern humans. Evol. Anthropol. 25, 64e78.

Holmes, C.E., 2001. Tanana River valley archaeology circa 14,000 to 9,000 BP. Arctic
Archaeol 38 (2), 154e170.

Holmes, C.E., 2011. The Beringian transitional periods in Alaska: technology of the
east Beringian Tradition as viewed from Swan Point. In: Goebel, T., Buvit, I.
(Eds.), From the Yenisei to the Yukon: Interpreting Lithic Assemblage Variability
in Late Pleistocene/Early Holocene Beringia. Texas A&M University Press, Col-
lege Station, pp. 179e191.

Ikeya, N., Kaifu, Y., Izuho, M., Goebel, T., Sato, H., Ono, A., 2015. Maritime transport of
obsidian in Japan during the upper paleolithic. In: Kaifu, Y., Izuho, M., Goebel, T.,
Sato, H., Ono, A. (Eds.), Emergence and Diversity of Modern Human Behavior in
Paleolithic Asia. Texas A&M University Press, College Station, pp. 362e375.

Izuho, M., 2013. Human technological and behavioral adaptation to landscape
changes around the last glacial maximum in Japan: a focus on Hokkaido. In:
Graf, K.E., Ketron, C.V., Waters, M.R. (Eds.), Paleoamerican Odyssey. Texas A&M
University Press, College Station, pp. 45e64.

Izuho, M., Kaifu, Y., 2015. The appearance and characteristics of the early upper
paleolithic in the Japanese archipelago. In: Kaifu, Y., Izuho, M., Goebel, T.,
Sato, H., Ono, A. (Eds.), Emergence and Diversity of Modern Human Behavior in
Paleolithic Asia. Texas A&M University Press, College Station, pp. 289e313.

Jarcho, S., 1959. Origin of the American Indian as suggested by fray joseph de Acosta
(1589). Isis 50 (4), 430e438.

Jenkins, D.L., Davis, L.G., Stafford Jr., T.W., Campos, P.F., Hockett, B., Jones, G.T., Scott
Cummings, L., Yost, C., Connolly, T.J., Yohe, R.M., II Gibbons, S.C., Raghavan, M.,
Rasmussen, M., Paijmans, J.L.A., Hofreiter, M., Kemp, B.M., Barta, J.L., Monroe, C.,
Thomas, M., Gilbert, P., Willerslev, E., 2012. Clovis age Western Stemmed pro-
jectile points and human coprolites at the Paisley Caves. Science 337, 223e228.

Jennings, T.A., Waters, M.R., 2014. Pre-Clovis lithic technology at the Debra L.
Friedkin site, Texas: comparisons to Clovis through site-level behavior, tech-
nological trait-list, and cladistic analyses. Am. Antiq. 79 (1), 25e44.

Jeong, C., Nakagome, S., Di Rienzo, A., 2016. Deep history of East Asian populations
revealed through genetic analysis of the Ainu. Genetics 202 (1), 261e272.

Johnson, T.D., Barnett, A.M., DeMartini, E.E., Craft, L.L., Ambrose, R.F., Purcell, L.J.,
1994. Fish production and habitat utilization on a southern California artificial
reef. Bull. Mar. Sci. 55 (2e3), 709e723.

Kaifu, Y., Fujita, M., Yoneda, M., Tamasaki, S., 2015. Pleistocene seafaring and colo-
nization of the Ryukyu Islands, southwestern Japan. In: Kaifu, Y., Izuho, M.,
Goebel, T., Sato, H., Ono, A. (Eds.), Emergence and Diversity of Modern Human
Behavior in Paleolithic Asia. Texas A&M University Press, College Station,
pp. 345e361.

Kaufman, D.S., Manley, W.F., 2004. Pleistocene maximum and Late Wisconsinan
glacier extents across Alaska, USA. In: Ehlers, J., Gibbard, P.L. (Eds.), Quaternary
Glaciations Extent and Chronology Part II: North America. Elsevier, New York,
pp. 9e27.

King, M.L., Slobodin, S.B., 1996. A fluted point from the Uptar site, northeastern
Siberia. Science 273 (5275), 634e636.

Klotsko, S., Gusick, A.E., Braje, T.J., Ball, D., 2020. Submerged paleoshoreline
12
mapping using high-resolution chirp subbottom data: northern Channel Islands
platform, California, USA. Quat. Res. 93, 1e22.

Kudo, Y., 2006. The temporal correspondence between archaeological chronology
and environmental changes 28,000-11,000 CALYBP in eastern Honshu. Curr.
Res. Pleistocene 23, 11e14.

Lambeck, K., Esat, T.M., Potter, E.-K., 2002. Links between climate and sea levels for
the past three million years. Nature 419, 199e206.

Laughlin, W.S., 1967. Human migration and permanent occupation in the Bering Sea
area. In: Hopkins, D.M. (Ed.), The Bering Land Bridge. Stanford University Press,
Stanford, pp. 409e450.

Lee, G.-K., Sano, K., 2019. Were tanged points mechanically delivered armatures?
Functional and morphometric analyses of tanged points from an Upper
Paleolithic site at Jingeuneul, Korea. Archaeol. and Anthropol. Sci. 11,
2453e2465.

Lesnek, A.J., Briner, J.P., Lindqvist, C., Baichtal, J.F., Heaton, T.F., 2018. Deglaciation of
the Pacific coastal corridor directly preceded the human colonization of the
Americas. Science Advances 4, eaar5040.

Llamas, B., Fehren-Schmitz, L., Valverde, G., Soubrier, J., Mallick, S., Rohland, N.,
Nordenfelt, S., Valdiosera, C., Richards, S.M., Rohrlach, A., Barreto Romero, M.I.,
Flores Espinoza, I., Tomasto Cagigao, E., Watson Jim�enez, L., Makowski, K.,
Santiago Leboreiro Reyna, I., Mansilla Lory, J., Alejandro Ballivi�an Torrez, J.,
Rivera, M.A., Burger, R.L., Constanza Ceruti, M., Reinhard, J., Wells, R.S.,
Politis, G., Santoro, C.M., Standen, V.G., Smith, C., Reich, D., Ho, S.Y.W., Cooper, A.,
Haak, W., 2016. Ancient mitochondrial DNA provides high resolution timescale
of the peopling of the Americas. Sci. Adv. 2 (4), 1e10.

Lowe, C.G., Topping, D.T., Cartamil, D.P., Papastamatiou, Y.P., 2003. Movement pat-
terns, home range, and habitat utilization of adult kelp bass Paralabrax cla-
thratus in a temperate no-take marine reserve. Mar. Ecol. Prog. Ser. 256,
205e216.

Macgowan, K., Hester Jr., J.A., 1962. Early Man in the New World. Doubleday, New
York.

Mandryk, C.A.S., Josenhans, H., Fedje, D.W., Mathewes, R.W., 2001. Late Quaternary
paleoenvironments of northwestern North America: implications for inland
versus coastal migration routes. Quat. Sci. Rev. 20, 301e314.

Mann, D.H., Peteet, D.M., 1994. Extent and time of the last glacial maximum in
southwest Alaska. Quat. Res. 42, 136e148.

Mann, D.H., Hamilton, T.D., 1995. Late Pleistocene and Holocene paleoenvironments
of the North pacific coast. Quat. Sci. Rev. 14, 449e471.

Margold, M., Gosse, J.C., Hidy, A.J., Woywitka, R.J., Young, J.M., Froese, D., 2019.
Beryllium-10 dating of the foothills erratics train in Alberta, Canada, indicates
detachment of the Laurentide ice sheet from the Rocky mountains at ~15 ka.
Quat. Res. 92, 469-448.

Mason, R.I., 1962. The paleoindian tradition in eastern north America. Curr.
Anthropol. 3, 227e283.

McLaren, D., Fedje, D.W., Mackie, Q., Davis, L.G., Erlandson, J.M., Gauvreau, A.,
Vogelaar, C., 2020. Late Pleistocene archaeological discovery models on the
Pacific coast of North America. Pal�eo 6 (1), 43e63.

Meltzer, D.J., 2009. First Peoples in a New World: Colonizing Ice Age America.
University of California Press, Berkeley.

Misarti, N., Finney, B.P., Jordan, J.W., Maschner, H.D.G., Addison, J.A., Shapley, M.D.,
Krumhardt, A., Beget, J.E., 2012. Early retreat of the Alaska peninsula glacier
complex and the implications for coastal migrations of first Americans. Quat.
Sci. Rev. 48, 1e6.

Mochanov, Y.A., Fedoseeva, S.A., 1996a. Dyuktai cave. In: West, F.H. (Ed.), American
Beginnings: the Prehistory and Palaeocology of Beringia. University of Chicago
Press, Chicago, pp. 164e173.

Mochanov, Y.A., Fedoseeva, S.A., 1996b. Berelekh, allakhovsk region. In: West, F.H.
(Ed.), American Beginnings: the Prehistory and Palaeocology of Beringia. Uni-
versity of Chicago Press, Chicago, pp. 218e222.

Monterey Bay Aquarium, 2020. Kelp bass. https://www.montereybayaquarium.org/
animals-and-exhibits/animal-guide/fishes/kelp-bass. (Accessed 7 March 2020).

Moreno-Mayar, J.V., Potter, B.A., Vinner, L., Steinrücken, M., Rasmussen, S.,
Terhorst, J., Kamm, J.A., Albrechtsen, A., Malaspinas, S.-A., Sikora, M.,
Reuther, J.D., Irish, J.D., Malhi, R.S., Orlando, L., Song, Y.S., Nielsen, R.,
Meltzer, D.J., Willerslev, E., 2018. Terminal Pleistocene Alaskan genome reveals
first founding population of Native Americans. Nature 553 (7687), 203e207.

Morisaki, K., Sano, K., Izuho, M., 2019. Early upper paleolithic blade technology in
the Japanese archipelago. Archaeol. Res. in Asia 17, 79e97.

Morlan, R., 1978. Technological characteristics of some wedge-shaped cores in
northwestern North America and Northeast Asia. Asian Perspect. 19 (1),
96e106.

Morlan, R.E., 1967. The preceramic period of Hokkaido: an outline. Arctic Anthropol.
4 (1), 164e220.

Morrow, J.E., Morrow, T.A., 1999. Geographic variation in fluted projectile points: a
hemispheric perspective. Am. Antiq. 64 (2), 215e231.

Mulligan, C., Kitchen, A., 2013. Three-stage colonization model for the peopling of
the Americas. In: Graf, K.E., Ketron, C.V., Waters, M.R. (Eds.), PaleoAmerican
Odyssey. Center for the Study of the First Americans, Texas A&M University,
College Station, pp. 171e181.

Nagai, K., 2007. Flake scar patterns of Japanese tanged points: toward an under-
standing of technological variability during the Incipient Jomon. Anthropol. Sci.
115, 223e226.

Nakazawa, Y., Izuho, M., Takakura, J., Yamada, S., 2005. Toward an understanding of
technological variability in microblade assemblages in Hokkaido, Japan. Asian
Perspect. 44 (2), 276e292.

http://refhub.elsevier.com/S0277-3791(20)30567-9/sref69
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref69
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref69
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref70
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref70
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref70
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref70
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref71
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref71
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref71
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref72
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref72
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref73
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref73
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref73
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref73
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref74
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref74
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref75
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref75
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref75
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref75
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref76
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref76
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref76
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref77
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref77
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref78
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref78
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref78
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref79
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref79
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref79
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref79
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref79
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref80
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref80
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref80
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref81
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref81
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref81
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref81
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref81
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref81
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref82
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref82
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref83
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref83
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref83
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref83
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref84
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref84
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref84
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref85
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref85
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref85
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref86
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref86
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref86
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref86
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref86
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref86
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref86
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref87
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref87
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref87
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref87
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref87
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref87
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref88
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref88
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref88
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref88
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref88
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref88
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref89
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref89
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref89
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref89
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref89
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref89
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref90
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref90
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref90
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref91
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref91
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref91
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref91
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref91
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref91
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref92
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref92
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref92
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref92
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref93
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref93
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref93
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref94
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref94
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref94
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref94
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref94
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref95
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref95
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref95
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref95
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref95
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref95
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref95
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref96
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref96
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref96
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref96
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref96
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref97
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref97
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref97
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref98
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref98
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref98
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref98
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref99
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref99
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref99
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref99
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref100
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref100
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref100
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref101
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref101
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref101
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref101
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref102
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref102
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref102
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref102
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref102
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref103
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref103
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref103
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref104
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref104
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref104
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref104
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref104
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref104
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref104
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref104
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref104
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref104
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref104
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref105
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref105
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref105
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref105
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref105
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref106
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref106
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref107
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref107
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref107
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref107
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref108
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref108
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref108
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref109
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref109
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref109
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref110
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref110
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref110
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref110
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref111
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref111
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref111
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref112
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref112
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref112
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref112
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref112
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref113
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref113
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref114
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref114
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref114
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref114
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref114
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref115
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref115
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref115
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref115
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref116
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref116
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref116
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref116
https://www.montereybayaquarium.org/animals-and-exhibits/animal-guide/fishes/kelp-bass
https://www.montereybayaquarium.org/animals-and-exhibits/animal-guide/fishes/kelp-bass
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref118
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref118
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref118
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref118
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref118
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref118
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref120
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref120
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref120
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref121
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref121
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref121
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref121
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref122
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref122
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref122
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref123
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref123
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref123
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref124
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref124
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref124
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref124
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref124
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref124
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref125
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref125
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref125
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref125
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref126
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref126
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref126
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref126


L.G. Davis and D.B. Madsen Quaternary Science Reviews 249 (2020) 106605
Natsuki, D., 2018. Incipient Jomon culture in Hokkaido. Ronshu Oshorokko 5,
209e234.

North Greenland Ice Core Project members, 2004. High-resolution record of
Northern Hemisphere climate extending into the last interglacial period. Nature
431 (7005), 147e151.

Pearson, G.A., 1999. Early occupations and cultural sequence at Moose Creek: a late
Pleistocene site in central Alaska. Arctic 52 (4), 332e345.

Pearson, R., 2006. Jomon hot spot: increasing sedentism in south-western Japan in
the Incipient Jomon (14,000e9250 cal. BC) and Earliest Jomon (9250e5300 cal.
BC) periods. World Archaeol. 38 (2), 239e258.

Pedersen, M.W., Ruter, A., Schweger, C.E., Friebe, H., Staff, R.A., Kjeldsen, K.K.,
Mendoza, M.L.Z., Beaudoin, A.B., Zutter, C., Larsen, N.K., Potter, B.A., Nielsen, R.,
Rainville, R.A., Orlando, L., Meltzer, D.J., Kjær, K.H., Willerslev, E., 2016. Post-
glacial viability and colonization in North America’s ice-free corridor. Nature
216, 45e49.

Peeters, J.H.M., Amkreutz, L.W.S.W., Cohen, K.M., Hijma, M.P., 2019. North Sea
Prehistory Research and Management Framework (NSPRMF) 2019: retuning the
research and management agenda for prehistoric landscapes and archaeology
in the Dutch sector of the continental shelf. Rijksdienst voor het Cultureel
Erfgoed 63.

Pinotti, T., Bergstr€om, A., Geppert, M., Bawn, M., Ohasi, D., Shi, W., Lacerda, D.R.,
Solli, A., Norstedt, J., Reed, K., Dawtry, K., Gonzalez-Andrade, F., Paz-y-Mi~no, C.,
Revollo, S., Cuellar, C., Jota, M.S., Santos Jr., J.E., Ayub, Q., Kivisild, T.,
Sandoval, J.R., Fujita, R., Xue, Y., Roewer, L., Santos, F.R., Tyler-Smith, C., 2019.
Y chromosome sequences reveal a short Beringian standstill, rapid expansion,
and early population structure of Native American founders. Curr. Biol. 29,
149e157.

Pitulko, V.V., Nikolsky, P.A., Girya, E.Y., Basilyan, A.E., Tumskoy, V.E., Koulakov, S.A.,
Astakhov, S.N., Pavlova, E.Y., Anisimov, M.A., 2004. The Yana RHS site: humans
in the Arctic before the last glacial maximum. Science 303 (5654), 52e56.

Potter, B.A., Irish, J.D., Reuther, J.D., McKinney, H.J., 2014. New insights into Eastern
Beringian mortuary behavior: a terminal Pleistocene double infant burial at
Upward Sun River. Proc. Natl. Acad. Sci. U.S.A. 111, 17060e17065.

Potter, B.A., Baichtal, J.F., Beaudoin, A.B., Fehren-Schmitz, L., Haynes, C.V.,
Holliday, V.T., Holmes, C.E., Ives, J.I., Kelly, R.L., Llamas, B., Malhi, R.S., Miller, D.S.,
Reich, D., Reuther, J.D., Schiffels, S., Surovell, T.A., 2018. Current evidence allows
multiple models for the peopling of the Americas. Sci. Adv. 4, eaat5473.

Powers, W.R., Hoffecker, J.F., 1989. Late Pleistocene settlement in the Nenana valley,
central Alaska. Am. Antiq. 54 (2), 263e287.

Pratt, J., Goebel, T., Graf, K.E., Izuho, M., 2020. A circum-Pacific perspective on the
origin of stemmed points in North America. Pal�eo 6 (1), 64e108.

Raghavan, M., Steinrücken, M., Harris, K., Schiffels, S., Rasmussen, S., DeGiorgio, M.,
Albrechtsen, A., Valdiosera, C., �Avila-Arcos, M.C., Malaspinas, A.-S., Eriksson, A.,
Moltke, I., Metspalu, M., Homburger, J.R., Wall, J., Cornejo, O.E., Moreno-
Mayar, J.V., Korneliussen, T.S., Pierre, T., Rasmussen, M., Campos, P.F.,
Damgaard, P.B., Allentoft, M.E., Lindo, J., Metspalu, E., Rodríguez-Varela, R.,
Mansilla, J., Henrickson, C., Seguin-Orlando, A., Malmstr€om, H., Stafford Jr., T.,
Shringarpure, S.S., Moreno-Estrada, A., Karmin, M., Tambets, K., Bergstr€om, A.,
Xue, Y., Warmuth, V., Friend, A., Singarayer, J., Valdes, P., Balloux, F., Leboreiro, I.,
Luis Vera, J., Rangel-Villalobos, H., Pettener, D., Luiselli, D., Davis, L.G., Heyer, E.,
Zollikofer, C.P.E., Ponce de Le�on, M.S., Smith, C.I., Grimes, V., Pike, K.-A., Deal, M.,
Fuller, B.T., Arriaza, B., Standen, V., Luz, M.F., Ricaut, F., Guidon, N., Osipova, L.,
Voevoda, M.I., Posukh, O.L., Balanovsky, O., Lavryashina, M., Bogunov, Y.,
Khusnutdinova, E., Gubina, M., Balanovska, E., Fedorova, S., Litvinov, S.,
Malyarchuk, B., Derenko, M., Mosher, M.J., Archer, D., Cybulski, J., Petzelt, B.,
Mitchell, J., Worl, R., Norman, P.J., Parham, P., Kemp, B.M., Kivisild, T., Tyler-
Smith, C., Sandhu, M.S., Crawford, M., Villems, R., Smith, D.G., Waters, M.R.,
Goebel, T., Johnson, J.R., Malhi, R.S., Jakobsson, M., Meltzer, D.J., Manica, A.,
Durbin, R., Bustamante, C.D., Song, Y.S., Nielsen, R., Willerslev, E., 2015. Genomic
evidence for the Pleistocene and recent population history of Native Americans.
Science 349 (6250). https://doi.org/10.1126/science.aab3884.

Royer, T.C., Finney, B., 2020. An oceanographic perspective on early human migra-
tions to the Americas. Oceanography 33 (1), 32e41.

Sato, H., Izuho, M., Morisaki, K., 2011. Human cultures and environmental changes
in the Pleistocene-Holocene transition in the Japanese Archipelago. Quat. Int.
237, 93e102.

Sato, T., Nakagome, S., Watanabe, C., Yamaguchi, K., Kawaguchi, A., Koganebuchi, K.,
Haneji, K., Yamaguchi, T., Hanihara, T., Yamamoto, K., Ishida, H., Mano, S.,
Kimura, R., Oota, H., 2014. Genome-wide SNP analysis reveals population
13
structure and demographic history of the Ryukyu Islanders in the southern part
of the Japanese archipelago. Mol. Biol. Evol. 31, 2929e2940.

Sawagaki, T., Aoki, T., Hasegawa, H., Iwasaki, S., Iwata, S., Hirakawa, K., 2004. Late
quaternary glaciations in Japan. In: Ehlers, J., Gibbard, P.L. (Eds.), Quaternary
GlaciationsdExtent and Chronology, Part III: South America, Asia, Africa, Aus-
tralasia, Antarctica. Developments in Quaternary Science, vol. 2c. Elsevier,
Amsterdam, pp. 217e225.

Sikora, M., Pitulko, V.V., Sousa, V.C., Allentoft, M.E., Vinner, L., Rasmussen, S.,
Margaryan, A., de Barros Damgaard, P., de la Fuente Castro, C., Renaud, G.,
Yang, M., Fu, Q., Dupanloup, I., Giampoudakis, K., Bravo Nogues, D., Rahbek, C.,
Kroonen, G., Peyrot, M., McColl, H., Vasilyev, S.V., Veselovskaya, E.,
Gerasimova, M., Pavlova, E.Y., Chasnyk, V.G., Nikolskiy, P.A., Grebenyuk, P.S.,
Fedorchenko, A.Y., Lebedintsev, A.I., Slobodin, S.B., Malyarchuk, B.A.,
Martiniano, R., Meldgaard, M., Arppe, L., Palo, J.U., Sundell, T., Mannermaa, K.,
Putkonen, M., Alexandersen, V., Primeau, C., Mahli, R., Sj€ogren, K.-G.,
Kristiansen, K., Wessman, A., Sajantila, A., Mirazon Lahr, M., Durbin, R.,
Nielsen, R., Meltzer, D.J., Excoffier, L., Willerslev, E., 2019. The population history
of northeastern Siberia since the Pleistocene. Nature 570, 182e188.

Slobodin, S.B., 2011. Late Pleistocene and early Holocene cultures of Beringia: the
general and the specific. In: Goebel, T., Buvit, I. (Eds.), From the Yenisei to the
Yukon: Interpreting Lithic Assemblage Variability in Late Pleistocene/Early
Holocene Beringia. Texas A&M University Press, College Station, pp. 91e116.

Slon, V., Hopfe, C., Weiß, C.L., Mafessoni, F., De La Rasilla, M., Lalueza-Fox, C.,
Rosas, A., Soressi, M., Knul, M.V., Miller, R., Stewart, J.R., 2017. Neandertal and
denisovan DNA from Pleistocene sediments. Science 356 (6338), 605e608.

Stanford, D.J., 1991. Clovis origins and adaptations: an introductory perspective. In:
Bonnichsen, R., Turnmire, K. (Eds.), Clovis: Origins and Adaptations. Center for
the Study of the First Americans, Oregon State University, Corvallis, pp. 1e13.

Tabarev, A.V., 2013. Blades and microblades, percussion and pressure: toward the
evolution of lithic technologies of the stone age period, Russian Far East. In:
Desrosiers, P. (Ed.), The Emergence of Pressure Blade Making: from Origin to
Modern Experimentation. Springer, New York, pp. 329e345.

Tinker, M.T., Tomoleoni, J., LaRoche, N., Bowen, Lizabeth, Miles, A.K., Murray, M.,
Staedler, M., Randell, Z., 2017. Southern Sea Otter Range Expansion and Habitat
Use in the Santa Barbara Channel, California. U.S. Geological Survey Open-File
Report 2017e1001 (OCS Study BOEM 2017-002. https://doi.org/10.3133/
ofr20171001.

Turk, J., 2006. In the Wake of the Jomon: Stone Age Mariners and a Voyage across
the Pacific. McGraw-Hill, New York.

Waters, M.R., 2019. Late Pleistocene exploration and settlement of the Americas by
modern humans. Science 365 (6449). https://doi.org/10.1126/science.aat5447.

Waters, M.R., Stafford Jr., T.W., 2007. Redefining the age of Clovis: implications for
the peopling of the Americas. Science 315, 1122e1126.

Waters, M.R., Keene, J.L., Forman, S.L., Prewitt, E.R., Carlson, D.L., Wiederhold, J.E.,
2018. Pre-Clovis projectile points at the Debra L. Friedkin site, Texas–implica-
tions for the late Pleistocene peopling of the Americas. Sci. Adv. 4 (10) https://
doi.org/10.1126/sciadv.aat4505.

Willerslev, E., Hansen, A.J., Binladen, J., Brand, T.B., Gilbert, M.T.P., Shapiro, B.,
Bunce, M., Wiuf, C., Gilichinsky, D.A., Cooper, A., 2003. Diverse plant and animal
genetic records from Holocene and Pleistocene sediments. Science 300 (5620),
791-779.

Williams, T.J., Madsen, D.B., 2019. The new World upper paleolithic. Pal�eo 6, 4e22.
Williams, T.J., Collins, M.B., Rodrigues, K., Rink, W.J., Velchof, N., Keen-Zebert, A.,

Gilmer, A., Frederick, C.D., Ayala, S.J., Prewitt, E.R., 2018. Evidence of an early
projectile point technology in North America at the Gault Site, Texas, USA. Sci.
Adv. 4 (7) https://doi.org/10.1126/sciadv.aar5954.

Willig, J.A., Aikens, C.M., 1988. The clovis-archaic interface in far western north
America. In: Willig, J., Aikens, C., Fagan, J. (Eds.), Early Human Occupation In Far
Western North America: the Clovis-Archaic Interface. Nevada State Museum
Anthropological Papers No. 21, Carson City, pp. 1e40.

Yamaoka, T., 2014. Early upper paleolithic assemblages from the Japanese islands: a
case study from the musashino upland around tokyo. Archaeol. Ethnol.
Anthropol. Eurasia 42 (2), 18e30.

Zhang, D., Xia, H., Chen, F., Li, B., Slon, V., Cheng, T., Yang, R., Jacobs, Z., Dai, Q.,
Massilani, D., Shen, X., Wang, J., Feng, X., Cao, P., Yang, M., Yao, J., Yang, J.,
Madsen, D.B., Han, Y., Ping, W., Liu, F., Perreault, C., Chen, X., Meyer, M., Kelso, J.,
P€a€abo, S., Fu, Q., 2020. Denisovan DNA in late Pleistocene sediments from
baishiya karst cave on the Tibetan plateau. Science (in press).

http://refhub.elsevier.com/S0277-3791(20)30567-9/sref127
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref127
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref127
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref128
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref128
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref128
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref128
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref129
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref129
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref129
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref130
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref130
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref130
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref130
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref130
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref130
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref131
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref131
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref131
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref131
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref131
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref131
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref132
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref132
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref132
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref132
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref132
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref133
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref133
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref133
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref133
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref133
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref133
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref133
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref133
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref133
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref133
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref134
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref134
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref134
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref134
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref135
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref135
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref135
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref135
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref136
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref136
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref136
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref136
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref137
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref137
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref137
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref138
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref138
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref138
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref138
https://doi.org/10.1126/science.aab3884
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref140
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref140
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref140
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref141
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref141
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref141
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref141
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref142
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref142
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref142
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref142
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref142
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref142
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref143
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref143
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref143
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref143
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref143
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref143
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref143
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref144
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref144
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref144
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref144
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref144
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref144
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref144
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref144
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref144
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref144
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref144
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref144
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref144
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref146
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref146
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref146
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref146
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref146
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref146
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref147
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref147
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref147
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref147
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref147
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref148
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref148
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref148
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref148
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref149
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref149
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref149
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref149
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref149
https://doi.org/10.3133/ofr20171001
https://doi.org/10.3133/ofr20171001
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref151
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref151
https://doi.org/10.1126/science.aat5447
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref153
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref153
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref153
https://doi.org/10.1126/sciadv.aat4505
https://doi.org/10.1126/sciadv.aat4505
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref155
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref155
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref155
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref155
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref156
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref156
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref156
https://doi.org/10.1126/sciadv.aar5954
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref158
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref158
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref158
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref158
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref158
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref159
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref159
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref159
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref159
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref160
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref160
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref160
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref160
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref160
http://refhub.elsevier.com/S0277-3791(20)30567-9/sref160

	The coastal migration theory: Formulation and testable hypotheses
	1. Introduction
	2. A brief review of the Clovis-first hypothesis and data requiring its rejection
	3. The coastal migration theory
	4. Paleogenetics
	5. Distribution of people in northeast Asia during the LGM
	6. Circum-north Pacific coastal refugium during the LGM
	7. Circum-north Pacific similarities in lithic technology
	8. Circum-north Pacific adaptive strategies
	9. Testable hypotheses
	10. Summary and conclusions
	Declaration of competing interest
	Acknowledgments
	References


