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Climate refugia, i.e. areas where popu-
lations of a species avert extinction 

during periods of unfavorable regional 
climate, may play a central role in main-
taining regional-to-global biodiversity. 
Paleoecologists and biogeographers 
have a long-standing interest in refugia 
as a means to explain latitudinal migra-
tion or stasis of the geographic distribu-
tion of a species through glacial periods 
and the resulting relictual distributions 
and endemism (Hampe and Jump 2011). 
More recently, the burgeoning field of 
phylogeography has demonstrated the 
value of genetic information to comple-
ment the fossil record in understanding 
past species distributions. This has lead to 
increased recognition that far more spe-
cies than previously thought may have 
maintained small and scattered popula-
tions through the Last Glacial Maximum 
in refugia situated at relatively high 
latitude (Stewart et al. 2010). Indeed, a 
generally low rate of extinction attribut-
able to the dramatic climate change of 
the Quaternary is not congruent with 
high rates of future extinction that are 
projected by many species distribution 
models (Botkin et al. 2007). The existence 
of climate refugia in heterogeneous 
landscapes may provide one solution to 
this conundrum and contribute to im-
portant assessments regarding the risks 
of future climate change to biodiversity. 
Specifically, a better knowledge of the 
functioning and dynamics of historical 
climate refugia can enhance our under-
standing of how current populations may 
react to future climate changes, help with 
identifying potential refugia for species 
of concern, and improve our understand-
ing of biotic responses to continued cli-
mate warming (Keppel et al. 2012).

We convened a three-day work-
shop, with support from PAGES and the 
University of Oregon, to bring together 
experts from diverse disciplines that 
provide complementary insights into 
the identification, characterization, and 
importance of climate refugia. The work-
shop engaged 33 participants from 10 
countries with backgrounds in paleo-
ecology, climatology, phylogeography, 

biodiversity research, and species distri-
bution modeling. Three days of meetings 
were used to discuss advances within 
each discipline and opportunities for 
transdisciplinary research approaches.

There remains much untapped po-
tential to study climate refugia by using a 
joint inference across multiple disciplines 
(Fig. 1). Joint analysis of data across disci-
plines enables a clearer and more robust 
picture of species history, as the strengths 
of the different disciplines are combined. 
For instance, the fossil record can be used 
to evaluate the performance of paleocli-
mate simulations and species distribu-
tion models (Varela et al. 2011). Second, 
hindcasted species distributions have 
been used to generate hypotheses that 
can be tested by phylogeographic studies 
(Richards et al. 2007), or simply to reveal 
past range dynamics that can explain the 
current distribution of genetic lineages 
(e.g. Hugall et al. 2002). The successful 
application of species distribution mod-
eling to the study of refugia requires not 
only reliable paleoclimate estimates from 
coarse-resolution models, but also realis-
tic downscaling of relevant variables over 
complex terrain in the present and the 
past (Dobrowski 2011). Phylogeography 
can notably help to detect small popu-
lations (cryptic refugia) and reveal the 
direction of past population expansions 

that went undetected in the fossil record, 
whereas the fossil record can constrain 
the timing of such expansions and detect 
past range contractions (i.e. local extinc-
tions; Hu et al. 2009). Where sufficient 
data exist, a network of fossil sites may be 
interpreted with respect to the refugia in-
ferred from genetics to constrain the spa-
tial and temporal patterns of postglacial 
expansion, as has been done for Fagus 
sylvatica in Europe (Magri et al. 2006). 
Few studies to date have attempted joint 
inferences across all three approaches, 
and a quantitative framework that con-
siders the strengths and weaknesses of 
each approach is needed for rigorous as-
sessment of past species refugia and mi-
gration patterns. Such studies are likely 
to provide the most informed view of 
how individual species persisted through 
the Quaternary and, potentially, into the 
future.
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Figure 1: Three broad approaches to studying past species responses to climate change may be used jointly to exploit 
the complementary strengths of each approach to obtain the most complete reconstruction of  historical refugia.
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