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The Great Lakes Region is a melting pot for vicariant red fox 
(Vulpes vulpes) populations
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During the Pleistocene, red fox (Vulpes vulpes) populations in North America were isolated in glacial refugia 
and diverged into 3 major lineages: the Nearctic-Eastern subclade of eastern Canada, the Nearctic-Mountain 
subclade of the western mountains, and the Holarctic clade of Alaska. Following glacial retreats, these genetically 
distinct populations of foxes expanded into newly available habitat. Along with subsequent translocation from fur 
farms, these expansions have resulted in red foxes now occupying most of the continent. The origin of foxes that 
colonized the Great Lakes Region, however, remains unknown. Furthermore, it is unclear whether contemporary 
populations inhabiting this region are the result of natural range expansion or if foxes released from fur farms 
colonized the landscape in the 1900s. To determine the origin of red foxes in the Great Lakes Region, we collected 
genetic samples from 3 groups: 1) contemporary wild foxes, 2) historical wild foxes collected before fur farming, 
and 3) fur-farmed foxes from a contemporary fur farm. We constructed a network of mtDNA haplotypes to identify 
phylogeographic relationships between the 3 sample groups, and examined genetic signatures of fur-farmed 
foxes via the androgen receptor gene (AR) associated with tame phenotypes. Historical wild foxes demonstrated 
natural colonization from all 3 major North American lineages, which converged within the Great Lakes Region, 
and contemporary wild foxes maintained the historically high genetic diversity. Most contemporary wild foxes 
also matched haplotypes of fur-farmed foxes; however, AR was not useful in distinguishing fur-farm origins 
in samples of contemporary wild foxes. Our results show that geographically disparate populations naturally 
merged in the Great Lakes Region before fur-farmed foxes were introduced. Due to the historically high genetic 
diversity in the Great Lakes Region, any introductions from fur farms likely contributed to, but did not create, the 
genetic structure observed in this region.
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Understanding continental-scale patterns in a species� phylo-
geography and identifying the origins of genetically discrete 
subpopulations can provide insight into historical dynamics 
(Arbogast and Kenagy 2001), and is important when predict-
ing the effects of environmental changes (Mills et  al. 2018). 
During the Pleistocene glaciations in North America, a large 
number of taxonomic groups was isolated in southern forested 
refugia (Shafer et al. 2010), and species diverged into geneti-
cally distinct eastern and western lineages separated by xeric 
grasslands (Topp et al. 2013). Following glacial retreats, many 
eastern populations expanded northwest through the Great 
Lakes Region into newly available habitat (e.g., Lynx rufus�
Loveless et al. 2016). Molecular-based phylogeography, how-
ever, has revealed notable exceptions to this general pattern of 
post-Pleistocene recolonization by vertebrates. For example, 

careful examination of eastern gray wolves (Canis lupus lyc-
aon�Koblmuller et al. 2009) has found a clade unique to the 
Great Lakes Region.

The red fox (Vulpes vulpes), a small-bodied canid common 
to much of North America, similarly experienced postglacial 
expansion from isolated refugia in North America, but its colo-
nization history and lineages that occur across most Midwestern 
states, especially within the Great Lakes Region, are unclear 
(Frey 2013). Mitochondrial DNA (mtDNA) sequences indi-
cated that red foxes colonized North America from Eurasia via 
the Bering Land Bridge twice (Fig. 1). The �rst mitochondrial 
clade to colonize the continent, known as the Nearctic clade, 
arrived 279-408K generations ago (Aubry et al. 2009; Kutschera 
et al. 2013) and split into 2 geographically restricted subclades 
in southern refugia during the last glaciation. The resulting 3 
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Nearctic subclades that inhabit North America today include 
1) the ancestral, Nearctic-Widespread lineage; 2) the Nearctic-
Mountain lineage of the western mountains (Rockies, Cascade 
Range, Sierra Nevada); and 3) the Nearctic-Eastern lineage that 
occupies eastern Canada (Aubry et al. 2009). The second mito-
chondrial clade, the Holarctic clade, arrived ~56K generations 
ago and colonized Alaska and western Canada, where Nearctic 
red foxes were extirpated during the last glaciation (Aubry et al. 
2009). In the 1800s, concomitant with human-induced land-
scape changes to North America, some populations of foxes 
expanded to lower elevations (Fichter and Williams 1967). 
The Nearctic-Eastern populations expanded into the southern 
Atlantic states, while some Nearctic-Mountain populations 
colonized the lower elevations of the Great Basin and western 
Oregon (Statham et al. 2012).

Recent human translocations of foxes through fur farm-
ing, however, complicate the historic patterns of fox 

phylogeography (Frey 2013). The �rst red fox fur farm in 
North America was established on Prince Edward Island in 
eastern Canada in the early 1900s, and their breeding stock 
was shipped to fur farms globally (Statham et al. 2011) and are 
still bred today (Merson et al. 2017). As a result, contempo-
rary farmed foxes are North American in origin but represent 
several Nearctic-Widespread and Nearctic-Eastern haplotypes, 
plus at least 2 Holarctic haplotypes and 1 Nearctic-Mountain 
haplotype that were supplemented to captive breeding stock 
by farms in western states of the United States (Statham et al. 
2011, 2012; Kasprowicz et al. 2016; Lounsberry et al. 2017). 
Release of captive-bred red foxes from fur farms occurred 
across much of the United States (Aubry 1984; Bailey 1992; 
Lewis et al. 1999), including the Great Lakes Region. In par-
ticular, the states of Wisconsin, Minnesota, and Michigan 
produced more than one-half of fox pelts in the United States 
in the 1930s (Ashbrook 1938) and likely had a number of 

Fig. 1.�Historical range expansion of the red fox (Vulpes vulpes) in North America, adapted from Aubry et al. (2009). The �rst red foxes colo-
nized North America 279-408K generations ago from Asia, and formed the Nearctic clade (blue) while in a northern refugium during the Illinoian 
glaciation. During the following interglacial period, the Nearctic clade expanded across the continent and populations subsequently became 
isolated during the Wisconsin glaciation. Climatic changes extirpated Nearctic foxes in their northern refugium and a second colonization by the 
Holarctic clade (purple) occurred from Beringia 56K generations ago. The Nearctic foxes in southern refugia diverged 20K generations ago into 
the Nearctic-Eastern (orange) and Nearctic-Mountain (green) geographically restricted lineages. Following glacial retreats, red foxes expanded 
but remained con�ned to high elevations until the 1800s when European settlement led to natural expansion by some native populations into the 
lower elevations of the United States. Also in the 1800s, European foxes brought to North America for hunting established wild populations on 
the east coast (Kasprowicz et al. 2016), and in the 1900s translocated fur-farmed foxes established wild populations throughout the United States 
in varying degrees of completely non-native to admixed populations (Sacks et al. 2010; Statham et al. 2012).
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