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Abstract
North American Canis genetics research varies in interpreting the Pre-Columbian distribution of Coyotes (Canis latrans). 
Many studies have relied on generalized species-distribution maps and a few actually cite earlier genetics works as second-
ary sources. I use archaeological, paleontological, and settlement era documents to demonstrate that Coyotes were present 
in portions of Minnesota, Wisconsin, and Illinois thousands of years prior to European arrival. This review provides impor-
tant clarification of historical Coyote distribution in the region and may have implications on the various interpretations of 
introgressed Coyote haplotypes present in Gray Wolves (Canis lupus) throughout the Great Lakes region.
Key words: Coyote (Canis latrans); Gray Wolf (Canis lupus); Great Lakes region; Coyote-wolf hybridization; Coyote-wolf 

sympatry; Coyote-wolf haplotypes

Introduction
Lehman et al. (1991) published the first study an-

alyzing DNA of Canis spp. in North America, re-
porting Coyote (Canis latrans) mtDNA haplotypes 
in Gray Wolf (Canis lupus) samples from the Great 
Lakes region and eastern Canada. They described 
Pre-Columbian Coyote distribution as “confined pri-
marily to plains and deserts ” (Lehman et al. 1999: 
105), asserting Coyotes expanded into the Great 
Lakes region following anthropogenic changes in 
Gray Wolf distribution, clearing of forests, and intro-
duction of agriculture. They concluded that hybrid-
ization between the two species “is taking place in 
regions where Coyotes have only recently become 
abundant” (Lehman et al. 1999: 104).

Since Lehman et al. (1991) many papers have ana-
lyzed the genetics of Canis populations inhabiting the 
Great Lakes region. Most focus on introgression of 
Coyote genes into large wolf-like canids (hereafter re-
ferred to as wolves). At least seven subsequent genet-
ics papers refer to Pre-Columbian Coyote distribution 
in vague terms (Roy et al. 1994; Wilson et al. 2000; 
Leonard and Wayne 2008; Koblmüller et al. 2009; 
Bozarth et al. 2011; vonHoldt et al. 2011, 2016). 
VonHoldt et al. (2011) supplied a simplified distri-
bution map (their Figure 1) showing Coyotes as far 
east as Illinois and northwest Indiana. This contrasts 
with a vonHoldt et al. (2016) map (their Figure 1) 
showing Coyote distribution reaching east to extreme  

southwest Minnesota at least 560 km west of Lake 
Michigan. The use of generalized species-distribution 
maps generates inconsistencies, especially in defining 
boundaries, as noted by Shelton and Weckerly (2007).

A trans-Mississippi-west Pre-Columbian distri-
bution of Coyotes has been promoted by many ge-
netics researchers (Lehman et al. 1991; Roy et al. 
1994; Wilson et al. 2000; Leonard and Wayne 2008; 
Koblmüller et al. 2009; Bozarth et al. 2011; vonHoldt 
et al. 2011, 2016). Some cite earlier genetics papers 
(secondary sources) in describing Coyote distribu-
tional limits (Wayne et al. 1992; Wilson et al. 2000; 
Leonard and Wayne 2008; Bozarth et al. 2011; von-
Holdt et al. 2011).

At least 13 studies claim Coyotes expanded into 
the Great Lakes region, seven providing arrival dates 
ranging from 90 to 200 years ago (approximately 
1790 to 1920; Lehman et al. 1991; Roy et al. 1994; 
Vilà et al. 1999; Wilson et al. 2000; Grewal et al. 
2004; Kyle et al. 2006; Leonard and Wayne 2008; 
Koblmüller et al. 2009; Kays et al. 2010a,b; Bozarth 
et al. 2011; vonHoldt et al. 2011, 2016). Koblmüller 
et al. (2009: 2313) sums this view succinctly: “Over 
the last century, coyotes have invaded this region and 
hybridized with wolves”.

Being certain of the temporal and spatial relation-
ships of the two species is central to the interpreta-
tion of when, where, how, and if Coyote-wolf hybrid-
ization occurred in the Great Lakes region. Having 
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performed extensive historical work on the demise of 
Gray Wolves in Wisconsin (Thiel 1993), I recognized 
the Lehman et al. (1991: 105) description of Coyote 
range limited to “plains and deserts”, and many sub-
sequent papers (Roy et al. 1994; Vilà et al. 1999; 
Wilson et al. 2000; Grewal et al. 2004; Kyle et al. 
2006; Leonard and Wayne 2008; Koblmüller et al. 
2009, Bozarth et al. 2011; vonHoldt et al. 2011, 2016) 
as erroneous. In order to rectify this problem, I pro-
vide documentation of Coyote presence in Wisconsin, 
Minnesota, and Illinois between the late Holocene 
and 1850.

Methods
Paleontological, archeological, and settlement era 

documents were searched for records of Coyotes in 
Illinois, Minnesota, and Wisconsin (the tri-state re-
gion) before 1920. I did not search fur trade era re-
cords, an additional source of potential informa-
tion. I queried the Neotoma Paleoecology Database, 
(NPD, neotomadb.org—earlier version known as 
FAUNMAP; Graham and Lundelius 1994), a free-
access paleontological database, canvasing for spec-
imens morphologically identified as Canis latrans in 
Minnesota, Wisconsin, Illinois, Indiana, and north-
eastern Iowa with a timeline of 5000 to 400 years be-
fore present (YBP). Archeological periodicals from 
the tri-state region were also searched for documenta-
tion of Coyote and wolf remains at Native American 
sites. Similarly, pioneer accounts from early county 
histories within the tri-state region were canvassed for 
accounts of Coyotes and wolves. Unfortunately, many 
used the ambiguous term, “prairie wolf” that may re-
fer to either C. latrans or C. lupus. Species identifica-
tion was aided in narratives that described canid size 
(height at shoulder <55 cm, Coyote; >55 cm, wolf), 
weight (10–18 kg, Coyote; >25 kg, wolf; Way and 
Hirten 2019; R.P.T. pers. obs.), group size, existence 
of two varieties of wolf, and/or diet (primarily rodents 
and lagomorphs, Coyote; primarily ungulates, wolf). 
I organized spatial data to the county level in the tri-
state region and noted whether the area was located 
in grassland or forested biomes using maps generated 
by Curtis (1959), Anderson (1970), and McMillan 
(2006). In specific areas I noted temporal aspects 
of sympatry. I assumed Coyote occurrences prior to 
the mid-1800s in Minnesota, Wisconsin, and Illinois 
represented breeding populations because these ar-
eas were well beyond normal dispersal distances for 
Coyotes (>160 km; Pyrah 1984; Geese et al. 1989; 
Harrison 1992), based on an array of genetics litera-
ture that placed the eastern continental edge of Coyote 
range near the Minnesota-Dakota border (Lehman et 
al. 1991; Roy et al. 1994; Wilson et al. 2000; Leonard 

and Wayne 2008; Koblmüller et al. 2009; Bozarth et 
al. 2011; vonHoldt et al. 2011, 2016).

Results
The Neotoma Paleoecology Database lists five 

archaeological sites containing Coyote remains in 
Illinois, two in Indiana, and one each in Minnesota, 
Wisconsin, and northeast Iowa, dating from 5000 to 
3000 YBP to approximately the year 1650. Table 1 
lists Coyotes and wolves recorded in paleontological, 
archeological, and settlement era documents in the tri-
state region. Four archaeological documents report on 
sites also reported in NPD: (1) the Durst Rockshelter 
in Wisconsin (Theler 2000; Parmalee 1960a), and 
from Illinois, (2) the Havana River Group (Parmalee 
1960b), (3) the Fisher site (Parmalee 1962), and (4) 
Riverton (Parmalee and Stephens 1972). Two addi-
tional Illinois archaeological sites contained Coyote 
remains 800–300 YBP (Parmalee 1960b). Three ar-
chaeological sites in Minnesota did not go beyond 
the genus, Canis, level (Anfinson 1982; Mather 2004, 
2006).

Dated Coyote material extends from 5000 to 3000 
YBP (Durst Rockshelter, Wisconsin) to 1910. Settler 
accounts document the presence of Coyotes in all 
three states, from 1807–1808 (Minnesota) to about 
1910 (Illinois). Scientist-naturalist Increase Lapham 
lists a wolf from Milwaukee County and a Coyote in 
adjacent Racine County, Wisconsin (Lapham 1853). 
Even in eastern sites Coyote material dates to well be-
fore European contact (Table 1).

Overall, Coyotes and wolves were reported to-
gether in eight of 23 occurrences (35%; Table 1). Two 
archaeological sites reported remains of both spe-
cies prior to 2000 YBP; three sites between 1000 and 
400 YBP; and three sites in the 1800s. Late Holocene 
overlap between the two species within this region 
points toward a shared range through much of the re-
gion south of the northern forests (Table 1, Figure 1). 
Sympatric occurrences were limited to areas that fa-
voured Coyote distribution, i.e., prairie and prai-
rie savannah habitats (Curtis 1959; Anderson 1970; 
McMillan 2000), whereas wolves seemed to roam 
more widely throughout the region (Table 1; Thiel 
1993). Significantly, three Illinois archaeological sites 
contained remains of both Coyote and wolf. These 
dated to roughly 2000 to 400 YBP. Additionally, 
Coyote and wolf occurrences in adjacent coun-
ties leave little doubt that Coyotes and wolves were 
broadly sympatric within tri-state region grasslands.

Discussion
Coyotes were present within prairie and savannah 

habitats from the South Dakota-Minnesota border to 
the Illinois-Indiana border for at least several thou-

https://www.neotomadb.org/
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sand years prior to the arrival of Europeans (Table 1). 
Temporal sympatry in archaeological remains is dif-
ficult to ascertain, but occurrences of both species at 
the same sites extend from earlier than 2000 YBP to 
the point of European contact (approximately 1650). 
Temporal sympatry during the settlement period, re-
gion-wide, is unambiguous. This was captured in 
maps of two genetics papers (Kays et al. 2010b; von-
Holdt et al. 2011), but papers by Roy et al. (1994), 
Wilson et al. (2000), Leonard and Wayne (2008), 
Koblmüller et al. (2009), Bozarth et al. (2011), and 
vonHoldt et al. (2016) stand in contrast.

Habitat destruction (n = 10) and deforestation (n = 
5), along with predator control and changes in Canis 
species distributions (n = 9), were the most often cited 
bases for supposed Coyote invasion into the western 
Great Lakes region (Lehman et al. 1991; Wayne et al. 
1992; Roy et al. 1994; Vilà et al. 1999; Wilson et al. 
2000; Grewal et al. 2004; Kyle et al. 2006; Leonard 
and Wayne 2008; Koblmüller et al. 2009; Chambers 
2010; Kays 2010a,b; Bozarth et al. 2011; Rutledge et 
al. 2011; vonHoldt et al. 2011, 2016). Although First 
Nations occupied the Great Lakes region greater than 

12 000 YBP, and First Nations people impacted eco-
systems (see Delcourt and Delcourt 2004 and Riley 
2013), large scale, region-wide anthropogenic eco-
logical disturbances did not likely begin until the pe-
riod between when each state became a United States 
Territory and each gained statehood: Illinois, 1809 and 
1818; Wisconsin, 1836 and 1848; and Minnesota, 1849 
and 1858, respectively (Buley 1950; Smith 1985).

Such ecological upheavals may have occasioned 
Gray Wolf hybridization event(s) as their numbers 
declined and Coyotes increased, as suggested by 
many researchers (Lehman et al. 1991; Wayne et al. 
1992; Roy et al. 1994; Vilà et al. 1999; Wilson et al. 
2000; Grewal et al. 2004; Kyle et al. 2006; Leonard 
and Wayne 2008; Koblmüller et al. 2009; Chambers 
2010; Kays 2010a,b; Bozarth et al. 2011; Rutledge 
et al. 2011; vonHoldt et al. 2011, 2016). However, 
the timing and circumstances of Canis population de-
clines and changes in relative abundance of sympat-
ric Coyote and wolf populations in the western Great 
Lakes states remain unclear.

Direct impacts in region-wide Canis populations 
in response to persecution and ecological upheavals 

Table 1. Records of Coyotes (Canis latrans) and wolves in Illinois, Minnesota, and Wisconsin based on paleontological, ar-
chae ological, and European settlement documents.

State County Approximate year Species* Reference

Minnesota Blue Earth 1807–1808 C Anonymous (1881)
Becker 1878 C W West and Wilcox (1907)
Rock & Pipestone ~1885 C Rose (1911)

Wisconsin Sauk 5000–3000 YBP C W Parmalee (1960a), Theler (2000), NPD 4614
LaFayette 1831 C Kinzie (1975)
La Crosse 3000 400 YBP W Theler (2000)
Crawford 1000–2000 YBP W Theler (2000)
Vernon 1000–400 YBP W Theler (2000)
Iowa 1832 C Draper (1903)
Grant 1838 C W Butterfield (1884)
Waukesha 1839 C W Anonymous (1880)
Milwaukee <1852 W Lapham (1853)
Racine <1852 C Lapham (1853)

Illinois Crawford 2000–800 YBP C W Parmalee and Stephens (1972), NPD 7491
Will 300–800 C W Parmalee (1962)
St. Claire <1650 C Parmalee (1960b)
Pike C W
Calhoun W
Cook C W Parmalee (1962), NPD 6137
Fulton W Parmalee (1962), NPD 7626
Williamson W Parmalee (1962)
Bureau 1911 C Cory (1912)
Edgar 1830s C Anonymous (1879)

*C = Coyote, W = wolf.
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caused by settlement likely took decades, gener-
ally moving southeast to northwest within the tri-
state region. Such impacts likely did not occur dur-
ing early phases of settlement (e.g., Illinois became a 
United States Territory in 1809; Minnesota in 1849). 
Wisconsin territorial bounties on both Canis spe-
cies commenced in 1839, continuing into statehood 
(1848), but Gray Wolves were not extirpated from 
southern Wisconsin until the 1880s and northern re-
gion until the 1950s. While Coyotes likely expanded 
their range northwards, they were similarly perse-
cuted throughout Wisconsin during this entire period 
(Thiel 1993).

Coyotes probably did not occur regularly in the 
mixed forests surrounding Lake Superior prior to 
European settlement. However, even there, periodic 
fire and wind-throw created large temporary open-
ings in which dispersing Coyotes may have occasion-
ally colonized (Schorger 1944, 1953; Loucks 1983). 
Coyotes expanded north into the Lake Superior ba-
sin as anthropogenic destruction of forests resulted 
in conversion of much of the landscape into imper-
manent prairie-like conditions (Schorger 1944; Allen 
1979; Breitenstein and Thiel in press). Kays et al. 
(2010b: 249) map occurrences of museum specimens, 

“before 1940” but do not elaborate on the earliest 
dates these were collected. They demonstrate that by 
1940 Coyotes were present throughout the region sur-
rounding Lake Superior.

While not within the scope of this study, the pres-
ence of both Coyotes and wolves in three archaeo-
logical sites—one along the Illinois-Indiana border 
(Parmalee and Stephens 1972, NPD site 7491), one 
in extreme southwestern Indiana (Bergman and Peres 
2014, NPD site 6600), and one in central Indiana 
(NPD site 6602)—extends Coyote presence and pos-
sibly the area of sympatry much further east (but see 
map in Kays et al. 2010b). These sites date to 3400 
to 350 YBP. An 1830s era settler account affirms an 
area of sympatry along the Illinois-Indiana border 
confounding hypotheses for the mechanisms, places 
and timing of hybridization of sympatric Canis pop-
ulations (Anonymous 1879). These sites position 
Coy otes much closer to eastern North America than 
acknowledged by current studies regarding the an-
cestries of Eastern Coyote, Red Wolf (Canis rufus), 
and Eastern Timber Wolf (Canis lycaon; Wilson et al. 
2000; Kyle et al. 2006; Chambers 2010; Kays et al. 
2010a,b; Rutledge et al. 2010a, 2012; Wheeldon et 
al. 2010; Bozarth et al. 2011; vonHoldt et al. 2011, 
2016; Way 2013).

In-depth studies on Holocene–Anthropocene Coy-
ote distribution, using fur-trade records and genetically 
testing the ancestries of paleontological and archaeo-
logical site specimens are necessary to fully under-
stand areas of Canis sympatry between the Ohio River 
and Lakes Erie and Ontario. Archeological specimens 
subjected to genetic testing, such as that conducted by 
Rutledge et al. (2010b), would aid in determining ar-
eas of sympatry, temporal affinities, confirm identi-
ties of Canis species, and further our understanding of  
Canis haplotypes over distant time.

Acknowledgements
I extend thanks to P. DeWitt who constructed the 

map.

Literature Cited
Allen, D.L. 1979. The Wolves of Minong: Their Vital Role 

in a Wild Community. Houghton Mifflin Co., Boston, 
Massachusetts, USA.

Anderson, R.C. 1970. Prairies in the prairie state. Trans-
actions of the Illinois State Academy of Science 63: 
214–221.

Anfinson, S.F. 1982. Faunal remains from the Big Slough 
site (21MU1) and woodland cultural stability in south-
western Minnesota. Minnesota Archaeologist 41: 53–71.

Anonymous. 1879. The History of Edgar County, Illinois. 
Wm. Le Baron, Jr. & Sons, Chicago, Illinois, USA.

Anonymous. 1880. History of Waukesha County, Wis-

Figure 1. The spatial distribution of paleontological, arche-
ological, and settlement era canid records. Occurrences of 
Coyotes (Canis latrans, C), wolves (W), and both Coyotes 
and wolves (B) are summarized by county in Minnesota, 
Wisconsin, and Illinois, USA.



40 The Canadian Field-Naturalist Vol. 134

consin. Western Historical Company, Chicago, Illinois, 
USA.

Anonymous. 1881. History of Grant County, Wisconsin. 
Western Historical Company, Chicago, Illinois, USA.

Bergman, C.A., and T.M. Peres. 2014. Scientific recov-
ery investigations at the Kramer Mound (12Sp7): pre-
historic artifact assemblages, faunal and floral remains, 
and human osteology. Indiana Archeology 9: 13–101.

Bozarth, C., F. Hailer, L. Lockwood, C.W. Edwards, and 
J.E. Maldonado. 2011. Coyote colonization of north-
ern Virginia and admixture with Great Lakes wolves. 
Jour nal of Mammalogy 92: 1070–1080. https://doi.org/ 
10.1644/10-mamm-a-223.1

Breitenstein, J., and R.P. Thiel. in press. As the Twig is 
Bent: A Memoir. University of Wisconsin Press, Madi-
son, Wisconsin, USA.

Buley, R.C. 1950. The Old Northwest. Indiana University 
Press, Volume 1, Bloomington, Indiana, USA.

Butterfield, C. 1884. History of Crawford County, Wis con-
sin. Union Publ. Co., Springfield, Illinois, USA.

Chambers, S.M. 2010. A perspective on the genetic com-
position of eastern coyotes. Northeastern Naturalist 17: 
205–210. https://doi.org/10.1656/045.017.0203

Cory, C.B. 1912. The mammals of Illinois and Wisconsin. 
Field Museum of Natural History Publication 153. Zoo-
logical Series 11. https://doi.org/10.5962/bhl.title.15682

Curtis, J.T. 1959. The Vegetation of Wisconsin. University 
of Wisconsin Press, Madison, Wisconsin, USA.

Delcourt, P.A., and H.R. Delcourt. 2004. Prehistoric 
Native Americans and Ecological Change. Cambridge 
Uni versity Press, New York, New York, USA.

Draper, L.C. 1903. Wisconsin Historical Collections. Vol-
ume 1. State Historical Society of Wisconsin, Madi son, 
Wisconsin, USA.

Geese, E.M., O.J. Rognstad, and W.R. Mytton. 1989. 
Population dynamics of coyotes in southeastern Colo-
rado. Journal of Wildlife Management 53: 174–181. 
https://doi.org/10.2307/3801326

Graham, R.W., and E.L. Lundelius, Jr. 1994. FAUNMAP: 
a database documenting late Quarternary distributions 
of mammal species in the United States. Illinois State 
Museum, Scientific Papers 25: 290–690.

Grewal, S.K., P.J. Wilson, T.K. Kung, K. Shami, M.T. 
Theberge, J.B. Theberge, and B.N. White. 2004. A 
genetic assessment of the Eastern Wolf (Canis lycaon) 
in Algonquin Provincial Park. Journal of Mammalogy 
85: 625–632. http://doi.org/ffxxhw

Harrison, D.J. 1992. Dispersal characteristics of juvenile 
coyote in Maine. Journal of Wildlife Management 56: 
128–138. https://doi.org/10.2307/3808800

Kays, R., A. Curtis, and J.J. Kirchman. 2010a. Rapid 
adaptive evolution of northeastern coyotes via hybri-
dization with wolves. Biology Letters. 6: 89–93. https://
doi.org/10.1098/rsbl.2009.0575

Kays, R., A. Curtis, and J. J. Kirchman. 2010b. Reply 
to Wheeldon et al. ‘Colonization history and ancestry 
of northeastern coyotes’. Biology Letters 6: 248–249. 
https://doi.org/10.1098/rsbl.2009.1022

Kinzie, J.M. 1975. Wau-bun: The Early Day in the North-
west. The National Society of Colonial Dames in Wis-
consin, Portage, Wisconsin, USA.

Koblmüller, S., M. Nord, R. Wayne, and J.A. Leonard. 
2009. Origin and status of the Great Lakes wolf. 
Molecular Ecology 18: 2313–2326. https://doi.org/10.11 
11/j.1365-294x.2009.04176.x

Kyle, C.J., A.R. Anderson, B.R. Patterson, P.J. Wilson, 
K. Shami, S.K. Grewal, and B.N. White. 2006. Genetic 
nature of eastern wolves: past, present and future. Con-
servation Genetics 7: 273–287. https://doi.org/10.1007/s 
10592-006-9130-0

Lapham, I.A. 1853. Fauna and flora of Wisconsin. A syste-
matic catalogue of the animals of Wisconsin. Pages 337–
370 in Transactions of the Wisconsin State Agricultural 
Society. Volume 2. Edited by A. Ingram. Beriah Brown, 
State Publisher, Madison, Wisconsin, USA.

Lehman, N., A. Eisenhawer, K. Hansen, L.D. Mech, R.O. 
Peterson, P. Gogan, and R. Wayne. 1991. Introgression  
of coyote mitochondrial DNR into sympatric North 
American gray wolf populations. Evolution 45: 104–119.  
https://doi.org/10.1111/j.1558-5646.1991.tb05270.x

Leonard, J., and R.K. Wayne. 2008. Native Great Lakes 
wolves were not restored. Biology Letters 4: 94–98. 
https://doi.org/10.1098/rsbl.2007.0354

Loucks, O.L. 1983. New light on the changing forest. Pages 
17–32 in The Great Lakes Forest: an Environmental and 
Social History. Edited by S.L. Flader. University of 
Minnesota Press, Minneapolis, Minnesota, USA.

Mather, D. 2004. Zooarchaeology of the dining hall: ani-
mal bone from the original Hamline University Cam pus 
(21GD212), Red Wing, Minnesota. Minnesota Archae-
o logist 63: 43–55.

Mather, D. 2006. Animal remains and bone tools from the 
North Twin Lake site (21MH5), Mahnomen County, 
Minnesota. Minnesota Archaeologist 65: 93–111.

McMillan, R.B. 2006. Perspectives on the biogeography 
and archaeology of bison in Illinois. Pages 67–146 in 
Records of Early Bison in Illinois. Edited by R.B. 
McMil lan. Illinois State Museum Scientific Papers Vol-
ume 31, Springfield, Illinois, USA.

Parmalee, P.W. 1960a. Animal remains from the Durst 
Rockshelter, Sauk County, Wisconsin. The Wisconsin 
Archaeologist 41: 11–17.

Parmalee, P.W. 1960b. Use of mammalian skulls and man-
dibles by Pre-historic Indians of Illinois. Transactions 
of the Illinois State Academy of Science 52: 85–95.

Parmalee, P.W. 1962. Faunal complex of the Fisher Site, 
Illinois. American Midland Naturalist 68: 399–408. 
https://doi.org/10.2307/2422745

Parmalee, P.W., and D. Stephens. 1972. A wolf mask and 
other carnivore skull artifacts from the Palestine site, 
Illinois. Pennsylvania Archaeologist 42: 71–74.

Pyrah, D. 1984. Social distribution and population esti-
mates of coyotes in north-central Montana. Journal of 
Wildlife Management 48: 679–690. https://doi.org/10.23 
07/3801415

Riley, J.L. 2013. The Once and Future Great Lakes Coun-
try: an Ecological History. McGill-Queen’s University 
Press, Kingston, Ontario, Canada.

Rose, A.P. 1911. An Illustrated History of the Counties 
of Rock and Pipestone, Minnesota. Northern History 
Publishing, LuVerne, Minnesota, USA.

Roy, M.S., E. Geffen, D. Smith, E.A. Ostrander, and 

https://doi.org/10.1644/10-mamm-a-223.1
https://doi.org/10.1644/10-mamm-a-223.1
https://doi.org/10.1656/045.017.0203
https://doi.org/10.5962/bhl.title.15682
https://doi.org/10.2307/3801326
http://doi.org/ffxxhw
https://doi.org/10.2307/3808800
https://doi.org/10.1098/rsbl.2009.0575
https://doi.org/10.1098/rsbl.2009.0575
https://doi.org/10.1098/rsbl.2009.1022
https://doi.org/10.1111/j.1365-294x.2009.04176.x
https://doi.org/10.1111/j.1365-294x.2009.04176.x
https://doi.org/10.1007/s10592-006-9130-0
https://doi.org/10.1007/s10592-006-9130-0
https://doi.org/10.1111/j.1558-5646.1991.tb05270.x
https://doi.org/10.1098/rsbl.2007.0354
https://doi.org/10.2307/2422745
https://doi.org/10.2307/3801415
https://doi.org/10.2307/3801415


2020 Thiel: Late Holocene Coyote-wolf sympatry 41

R.K. Wayne. 1994. Patterns of differentiation and hy-
bridization in North American wolflike canids, revealed 
by analysis of microsatellite loci. Molecular Biology and 
Evolution 11: 553–570. https://doi.org/10.1093/oxford 
journals.molbev.a040137

Rutledge, L.Y., C.J. Garroway, K.M. Loveless, and B.R. 
Patterson. 2010a. Genetic differentiation of eastern 
wolves in Algonquin Park despite bridging gene flow 
between coyotes and grey wolves. Heredity 10: 1–12. 
https://doi.org/10.1038/hdy.2010.6

Rutledge, L.Y., B.N. White, J.R. Row, and B.R. Pat
terson. 2011. Intense harvesting of eastern wolves fa-
cilitated hybridization with coyotes. Ecology and Evo-
lution 2:19–33. https://doi.org/10.1002/ece3.61

Rutledge, L.Y., P.J. Wilson, C.F.C. Klütsch, B.R. 
Patterson, and B.N. White. 2012. Conservation geno-
mics in perspective: a holistic approach to understand-
ing Canis evolution in North America. Biological Con-
servation 155: 186–192. https://doi.org/10.1016/j.bio 
con.2012.05.017

Schorger, A. 1944. The prairie chicken and sharp-tailed 
grouse in early Wisconsin. Transactions of the Wis con-
sin Academy of Sciences, Arts and Letters 35: 1–59.

Schorger, A. 1953. The white-tailed deer in early Wis-
consin. Transactions of the Wisconsin Academy of Sci-
ences, Arts and Letters 54: 147–179.

Shelton, S.L., and F.W. Weckerly. 2007. Inconsistencies in 
historical geographic range maps: the gray wolf as ex-
ample. California Fish and Game 93: 224–227.

Smith, A.E. 1985. The History of Wisconsin: from Ex-
ploration to Statehood. Volume 1. Wisconsin Historical 
Society, Madison, Wisconsin, USA.

Theler, J.L. 2000. Animal remains from Native American 
archaeological sites in western Wisconsin. Transactions 
of the Wisconsin Academy of Sciences, Arts, and Let-
ters 88: 121–142.

Thiel, R.P. 1993. The Timber Wolf in Wisconsin: the Death 
and Life of a Majestic Predator. University of Wisconsin 
Press, Madison, Wisconsin, USA.

Vilà, C., I.R. Amorim, J.A. Leonard, D. Posada, J. 
Castroviejo, F. PetrucciFonseca, K.A. Crandall, H. 
Ellegren, and R.K. Wayne. 1999. Mitchondrial DNA 
phylogeography and population history of the grey wolf 
Canis lupus. Molecular Ecology 8: 2089–2103. https://
doi.org/10.1046/j.1365-294x.1999.00825.x

vonHoldt, B., J.A. Cahill, Z. Fan, I. Grnau, J. Robinson,

 J.P. Pollinger, B. Shapiro, J. Wall, and R.K. Wayne. 
2016. Whole-genome sequence analysis shows that two 
endemic species of North American wolf are admix-
tures of the coyote and gray wolf. Science Advances 2: 
e1501714. https://doi.org/10.1126/sciadv.1501714

vonHoldt, B., J.P. Pollinger, D.A. Earl, J.C. Knowles, A.R.  
Boyko, H. Parker, E. Geffen, M. Pilot, W. Jedrzejewski,  
B. Jedrzejewski, V. Sidorovich, C. Greco, E. Randi, M. 
Musiani, R. Kays, C.D. Bustamonte, E.A. Ostrander,  
J. Novembre, and R.K. Wayne. 2011. A genome-wide 
perspective on the evolutionary history of enigmatic 
wolf-like canids. Genome Research 21: 1294–1305. 
https://doi.org/10.1101/gr.116301.110

Way, J.G. 2013. Taxonomic implications of morphological 
and genetic differences in Northeastern coyotes (coy-
wolves) (Canis latrans × C. lycaon), western coyotes, 
(C. latrans), and eastern wolves (C. lycaon or C. lupus 
lycaon). Canadian Field-Naturalist 127: 1–16. https://
doi.org/10.22621/cfn.v127i1.1400

Way, J.G., and J.L. Hirten. 2019. Wild Canis spp. of North 
America: a pictorial representation. Canadian Field-
Naturalist 133: 295–296. https://doi.org/10.22621/cfn.v 
133i3.2473

Wayne, R., N. Lehman, M. Allard, and R. Honeycutt. 
1992. Mitochondrial DNA variability of the gray wolf: 
genetic consequences of population decline and habi-
tat fragmentation. Conservation Biology 6: 599–569. 
https://doi.org/10.1046/j.1523-1739.1992.06040559.x

West, J.C., and A.H. Wilcox. 1907. A Pioneer History 
of Becker County, Minnesota. Pioneer Press, St. Paul, 
Min nesota, USA.

Wheeldon, T.J., B.R. Patterson, and B.N. White. 2010. 
Sympatric wolf and coyote populations of the west-
ern Great Lakes region are reproductively isolated. 
Molecular Ecology 19: 4428–4440. https://doi.org/10.11 
11/j.1365-294x.2010.04818.x

Wilson, P.J., S. Grewal, I.D. Lawford, J.N.M. Heal, A.G. 
Granacki, D. Pennock, J.B. Theberge, M.T. Theberge, 
D.R. Voigt, W. Waddell, R.E. Chambers, P.C. Paquet, 
G. Goulet, D. Cluff, and B.N. White. 2000. DNA pro-
files of the eastern Canadian wolf and the red wolf pro-
vide evidence for a common evolutionary history inde-
pendent of the gray wolf. Canadian Journal of Zoology 
78: 2156–2166. https://doi.org/10.1139/z00-158

Received 7 December 2018 
Accepted 6 April 2020

https://doi.org/10.1093/oxfordjournals.molbev.a040137
https://doi.org/10.1093/oxfordjournals.molbev.a040137
https://doi.org/10.1038/hdy.2010.6
https://doi.org/10.1002/ece3.61
https://doi.org/10.1016/j.biocon.2012.05.017
https://doi.org/10.1016/j.biocon.2012.05.017
https://doi.org/10.1046/j.1365-294x.1999.00825.x
https://doi.org/10.1046/j.1365-294x.1999.00825.x
https://doi.org/10.1126/sciadv.1501714
https://doi.org/10.1101/gr.116301.110
https://doi.org/10.22621/cfn.v127i1.1400
https://doi.org/10.22621/cfn.v127i1.1400
https://doi.org/10.22621/cfn.v133i3.2473
https://doi.org/10.22621/cfn.v133i3.2473
https://doi.org/10.1046/j.1523-1739.1992.06040559.x
https://doi.org/10.1111/j.1365-294x.2010.04818.x
https://doi.org/10.1111/j.1365-294x.2010.04818.x
https://doi.org/10.1139/z00-158

