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The velocity of species dispersal post-last glacial maximum
(LGM) is an interesting question from both paleo-historical and
contemporary perspectives. The apparent time lag between a loca-
tion’s climate becoming suitable for a given species and that spe-
cies’ arrival at that location has important implications for our
understanding of the relationship between climate variables such
as temperature and moisture and the dispersal ability of plants.
Our knowledge of species dispersal rates underlies assumptions
required for the interpretation of pollen and sediment records,
biogeochemical reconstructions, and other endemic species
distributions.

From a contemporary perspective, our expectation of future
species distributional shifts in response to a warming climate can
be informed by historic range expansion since the LGM. Thus it is
important to correctly estimate those dates and rates. Elias (2013)
attempts to calculate tree species dispersal rates along the north-
western North American coast post-LGM. This area e the largest
contiguous temperate rainforest ecosystem on the planet e was
extensively glaciated during the LGM and is currently experiencing
important transformations due to climate change. Elias concludes
that tree species migration in this region, originating from the
south, was rapid: 2e4 times the rate of similar species in eastern
North America. Unfortunately, the Elias (2013) review and analysis
does not consider localized refugia for those species, or their ecol-
ogy, within southeast Alaska during the LGM; these considerations
would likely change the conclusions. Evidence for local refugia
comes from a variety of fields, and while the geographic extent
and biological communities of these cryptic refugia are still under
study, it is important to consider themwhen reconstructing histor-
ical migration rates.

1. Geologic and geographic evidence

The basis for conclusions of rapid migration is the assumption
that there were no refugia available in coastal areas north of the
Queen Charlotte Islands (also known as Haida Gwaii) during the
last major glaciation (w26,000e13,000 years BP); “.this entire re-
gion was buried by the Cordilleran Ice Sheet during the last glacia-
tion” (Elias, 2013). Recently, however, geologic and geographic
studies have explored the possibility of non-glaciated areas in or
near the Alexander Archipelago of southeast Alaska during the
LGM. Numerous probable refugia have been identified based on
geologic characteristics and mapped along the southeast Alaskan

coast (north of Haida Gwaii) from Dixon Entrance in the south to
Lituya Bay in the northern portion of the region (southern Alex-
ander Archipelagomap, Carrara et al., 2003; regionally summarized
in Carrara et al., 2007). These postulated refugia occur not only on
islands outside the extent of the ice sheet, but also on unglaciated
ocean-facing slopes, nunataks (exposed peaks above the glaciers),
and parts of the inner continental shelf exposed by the lowered
sea level and glacial forebulges (Baichtal and Carlson, 2010).
Geologic evidence of glaciation, such as glacial till and erratics,
are likewise missing from large portions of the outer islands
(Carrara et al., 2003), and freshwater diatoms and shell-bearing de-
posits indicate that the portions of the area were both non-
glaciated and above sea level (Barron et al., 2009; Addison et al.,
2010). This evidence indicates that local glacial distributions left
large areas exposed even at the height of the LGM.

2. Genetic support

Exposed, un-glaciated land does not necessarily equate to viable
populations of flora and fauna. However, molecular evidence from a
variety of plant and animal subpopulations and endemic subspe-
cies suggests that communities did persist through the LGM on
refugia along the outer coast of the Alexander Archipelago, north
of Haida Gwaii (Fleming and Cook, 2002; Shafer et al., 2010; Cook
and MacDonald, 2013; Dawson et al., 2013). Fossil remains in
cave formations in the southern portions of the archipelago also
imply continuous habitation by various large terrestrial mammals
before and after the LGM, as well as marine mammals and small
terrestrial mammals during the LGM (Heaton and Grady, 2003).
Thus there is evidence for glacial refugia from molecular and cave
fauna data, although these materials and sites need to be explored
further.

3. Tree populations: biogeography and biology

Tree population persistence in the Alexander Archipelago dur-
ing the LGM has been less studied, but it would be inappropriate
to completely discount that possibility given the strong evidence
for exposed land and the molecular data indicating that animal
populations also persisted in the region. The biogeography of two
tree species also suggests post-glacial colonization from nearby
coastal refugia. Subalpine fir (Abies lasiocarpa) has several disparate
populations in the southern Alexander Archipelago which may be
descendant from coastal populations (Harris, 1965; Carrara et al.,
2007; see Worley and Jaques (1974) for alternate hypothesis). The
discontinuous presence of yellow-cedar (Callitropsis nootkatensis)DOI of original article: http://dx.doi.org/10.1016/j.quascirev.2013.07.023.

Contents lists available at ScienceDirect

Quaternary Science Reviews

journal homepage: www.elsevier .com/locate/quascirev

Quaternary Science Reviews 93 (2014) 167e169

http://dx.doi.org/10.1016/j.quascirev.2014.02.020
0277-3791/� 2014 Elsevier Ltd. All rights reserved.



Author's personal copy

in the eastern portions of the Alexander Archipelago, which align
geographically with the proposed coastal refugia (to the west;
Carrara et al. (2007)), also supports this hypothesis if one assumes
a slow rate of dispersal eastwards and a low reproductive capacity
(Hennon et al., 2012). Unfortunately, much of the landscape that
could provide pollen data and tree macrofossils to support/refute
the coastal refugia hypothesis is now below sea level. Elias does
cite palynological and fossil tree data in his biogeographical recon-
structions, but there are a variety of studies that were not included
in the review which suggest alternate conclusions. For example, a
study on Pleasant Island, near Glacier Bay, found near contempora-
neous establishment of lodgepole pine and mountain hemlock
(Tsuga mertensiana) after glaciation, and concluded that there
were likely nearby refugia (Hansen and Engstrom, 1996). Other
authors’ data were misinterpreted; Heusser’s review (1985) is
heavily cited by Elias throughout, but Heusser applied his dated
chronology of vegetation history from Juneau to the undated re-
cords from Ketchikan (a distance south of w400 km) for summary
purposes. In another case, the fossil spruce stump from Copper
River basin discussed by Ager (1989), and cited by Elias (2013) as
support for the Sitka spruce timeline, is not actually Sitka spruce,
but rather white spruce (Picea glauca), a boreal species (Ager, 1989).

Colonization of recently deglaciated terrain depends on precip-
itation, temperature, competition, and other factors, as outlined
by Elias (2013). However, some of the environmental require-
ments are not as stringent as Elias assumes. For example, citing
Chapin et al. (1994), Elias states that a lack of appropriate seed-
beds essentially precludes Sitka spruce (Picea sitchensis) “from
playing a pioneering role on the landscape.” Yet Lawrence
(1950), and several other studies in the region, recognized that
spruce can establish in the open, within a decade of deglaciation,
and work in Glacier Bay by Fastie (1995) and Chapin et al. (1994)
documents spruce establishment without facilitation from other
tree species. Sitka spruce is also a common pioneer on uplifted
beaches in the area (Griffith, 1992; Motyka, 2003). Overall, it is un-
likely that there is a particular successional sequence required for
spruce establishment, a similar conclusion reached by others (e.g.
Johnson and Miyanishi, 2008). Furthermore, in conditions not
favorable to sexual reproduction and/or seedling establishment,
many of these species (Sitka spruce, western hemlock (Tsuga het-
erophylla), mountain hemlock, western redcedar (Thuja plicata)
and yellow-cedar; Burns and Honkala 1990) can maintain popula-
tions asexually via layering. Vegetative reproduction has two con-
sequences: first, there is potential for these species to have
maintained populations in marginal habitat in periglacial areas
during the LGM if conditions for seedling establishment were
not favorable, and second, there may be a genetic signal of those
periods present in the phylogeography of current populations
that could be examined to test this hypothesis. The location of po-
tential refugia would explain some of the discordance between
the pollen/macrofossil dating sites and the reconstructed range
maps in Elias (2013), which show dates for pine and spruce which
are more conducive to northern coastal refugia than dispersal
from southern refugia. For example, in Fig. 5 of Elias (2013), the
oldest spruce pollen records are from the Fairweather region
north of the Alexander Archipelago, which was identified as a po-
tential refugium by Carrara et al. (2007).

As in the molecular and fossil data, the evidence for forests in
coastal refugia is not conclusive, but the strong indirect evidence
means one cannot discount the possibility. Rather than only
spreading north from British Columbia as assumed, tree species
could actually be spreading east, and from more local sources.
The likely presence of refugia undermines Elias’s key conclusions,
that the rate of spread of these species was surprisingly rapid (4�
the rate of spruce dispersal in Eastern North America, for example).

Given the refugia proposed by Carrara et al. (2007), dispersal rates
were potentially slower, in line with estimates from other regions,
explaining some of the incongruities in Elias’ dispersal timing
maps. It is alsoworth noting that the current distributional patterns
of tree speciese both to the north and the easte as well as the mo-
lecular evidence from faunal species, might represent the combina-
tion of migration from multiple refugia (Cook et al., 2006); these
two potential refugia patterns (small areas in situ and larger areas
further south) are not mutually exclusive, and may have played
different roles for different species.

4. Conclusions

The possibility of glacial refugia on the coastal margins of the
Alexander Archipelago must be considered in any rate-of-
migration estimates, and the lack of consideration in Elias
(2013) of the geologic, genetic, and full pollen record is unfortu-
nate, as is the inaccurate understanding of the ecology. If refugia
were indeed present, as the physical and biological evidence
suggests, then dispersal rates for tree species were likely slower
and other mechanisms may have played a role in limiting their
dispersal success, such as tectonic instability or disturbance fre-
quency (Sykes and Prentice, 1996; Johnstone and Chapin, 2003).
Truly conclusive evidence (e.g. a tree macrofossil dated from the
height of the LGM) has yet to be found, and fluctuations in sea
level make investigations difficult. Genetic analysis of these spe-
cies throughout their geographic range would provide impor-
tant insights into their origins and migration pathways. But
the potential for refugial populations cannot be discounted
given the geologic evidence of available land and the genetic
and archaeological suggestions of persistent floral and faunal
populations. Previous work in the region has considered the
possibility of coastal refugia in southeast Alaska in addition to
southern refugia only (e.g. Harris, 1965; Peteet, 1991; Hansen
and Engstrom, 1996; Carrara et al., 2007; Ager et al., 2010;
Shafer et al., 2010; Hennon et al., 2012); as geologic and molec-
ular evidence accumulates for this alternate hypothesis, it re-
mains an important part of any discussion on species dispersal
in the region. These considerations are important for at least
two reasons. First, an overestimate of species dispersal rates
hinders our understanding of the historical record, and could
lead to incorrect conclusions about the environment at the
time of the LGM. This is important both to reconstructions of
regional climate and habitat for fauna inhabiting the coastal
refugia. Second, this phenomenon of extremely slow (and in
some cases ongoing) dispersal post-LGM is a valuable proxy
for tree migration in the era of a warming climate e the same
factors that have driven slow migration rates historically are
likely to limit species around the world as they migrate to
higher latitudes to maintain equilibrium with climate in the
future. Therefore getting this issue “correct” is vital to informing
our attempts to understand how other species will move in a
warming climate (e.g. Nathan et al., 2011). This is not only
important from an ecological perspective, but also for forest
management programs aimed at climate adaptation that rely
on understanding natural migration rates for their planning.
Although there is no “smoking gun” as yet demonstrating the
presence or lack of forests in glacial refugia along the southeast
Alaskan coast (identified by Carrara et al., 2007), a large body of
indirect evidence from geologic/geographic research, molecular
data, and species biogeography strongly suggests this possibil-
ity. Further work is required to confirm or refute this hypothesis,
which has important implications for both historical interpreta-
tion and the contemporary issue of climate change.
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