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Appendix S1. Benson et al. Intrinsic and environmental drivers of pairwise cohesion within wild Canis social groups

Table S1. Study areas where we tracked social canids and estimated cohesion. Shown are countries, state/province (if applicable), 

species, numbers of total and seasonal pairs, and mean and standard deviation of cohesion values for winter and pup-rearing seasons. 

Geographic Location Pairs (n) Winter Pup-rearing 

Study Area Country State/Province Species Total Seasonal Mean SD Mean SD 

Chernobyl Belarus, Ukraine NA Gray wolf 4 6 0.24 0.17 0.16 0.05 

NE Alberta Canada Alberta Gray wolf 14 31 0.55 0.18 0.30 0.13 

West Alberta Canada Alberta Gray wolf 5 7 0.59 0.18 0.29 0.11 

Ya Ha Tinda Canada Alberta Gray wolf 7 13 0.43 0.05 0.22 0.08 

BC East Canada British Columbia Gray wolf 5 8 0.57 0.20 0.30 0.09 

BC North Canada British Columbia Gray wolf 13 40 0.48 0.29 0.30 0.18 

BC PG North Canada British Columbia Gray wolf 1 1 0.73 0.00 NA NA 

BC PG West Canada British Columbia Gray wolf 1 3 0.44 0.00 0.35 0.09 

Winnipeg Canada Manitoba Gray wolf 5 10 0.65 0.15 0.27 0.12 

NWT central Canada Northwest Territories Gray wolf 1 1 0.90 0.00 NA NA 

Great Slave Lake Canada Northwest Territories Gray wolf 6 13 0.68 0.08 0.20 0.08 

NWT northeast Canada Northwest Territories Gray wolf 5 5 0.71 0.11 NA NA 

Ellesmere Island Canada Nunavut Gray wolf 2 3 0.76 0.00 0.53 0.28 

Algonquin Park Canada Ontario Gray wolf 4 7 0.48 0.19 0.20 0.12 

Michipicoten Island Canada Ontario Gray wolf 29 65 0.55 0.24 0.41 0.20 

Ontario north Canada Ontario Gray wolf 1 1 0.55 0.00 NA NA 

Quebec Canada Quebec Gray wolf 5 10 0.72 0.12 0.58 0.15 

Saskatchewan (N) Canada Saskatchewan Gray wolf 9 21 0.78 0.12 0.39 0.29 

Prince Albert NP Canada Saskatchewan Gray wolf 7 23 0.44 0.23 0.24 0.14 

Croatia, Slovenia Croatia, Slovenia NA Gray wolf 2 3 0.66 0.32 0.72 0.00 

Israel north Israel NA Gray wolf 1 2 0.28 0.00 0.17 0.00 

Israel south Israel NA Gray wolf 1 1 0.14 0.00 NA NA 

Apennines Italy NA Gray wolf 1 2 0.70 0.00 0.70 0.00 



Alto Minho Portugal NA Gray wolf 1 3 0.13 0.00 0.21 0.08 

Spain east Oviedo Spain NA Gray wolf 1 1 0.32 0.00 NA NA 

Spain NW Santiago Spain NA Gray wolf 1 2 0.07 0.00 0.19 0.00 

Spain Santiago Spain NA Gray wolf 1 3 0.25 0.00 0.25 0.07 

Spain west Oviedo Spain NA Gray wolf 1 1 NA NA 0.11 0.00 

Norway & Sweden Sweden, Norway NA Gray wolf 33 60 0.42 0.23 0.37 0.12 

Denali NP United States Alaska Gray wolf 21 51 0.84 0.09 0.56 0.16 

Yukon-Charley NP United States Alaska Gray wolf 27 88 0.64 0.25 0.38 0.16 

Yukon Flats NWR United States Alaska Gray wolf 3 3 0.87 0.05 NA NA 

AZ & NM United States AZ & NM Gray wolf 57 102 0.67 0.22 0.62 0.17 

Upper Peninsula (N) United States Michigan Gray wolf 2 2 NA NA 0.16 0.06 

Upper Peninsula (S) United States Michigan Gray wolf 1 2 NA NA 0.16 0.01 

Grand Portage United States Minnesota Gray wolf 3 3 0.47 0.14 NA NA 

NC Minnesota United States Minnesota Gray wolf 1 2 0.75 0.00 0.33 0.00 

Voyageurs NP United States Minnesota Gray wolf 6 7 0.77 0.00 0.18 0.13 

Wisconsin central United States Wisconsin Gray wolf 2 2 0.20 0.00 0.16 0.00 

Wisconsin NE United States Wisconsin Gray wolf 1 4 0.45 0.14 0.45 0.07 

Wisconsin NW United States Wisconsin Gray wolf 12 17 0.54 0.20 0.37 0.30 

Wyoming United States Wyoming Gray wolf 2 3 0.72 0.20 0.19 0.00 

Prince of Wales United States Alaska Gray wolf 5 9 0.44 0.27 0.60 0.25 

Algonquin Park Canada Ontario Eastern wolf 18 29 0.51 0.20 0.19 0.20 

Alligator River United States North Carolina Red wolf 15 36 0.29 0.19 0.24 0.10 

Algonquin Park Canada Ontario Admixed wolf 3 8 0.72 0.01 0.47 0.08 

India India NA Golden jackal 2 3 0.61 0.00 0.68 0.00 

Serbia Serbia NA Golden jackal 1 3 0.68 0.00 0.35 0.05 

Australia Australia NA Dingo 6 9 0.14 0.07 NA 0.08 

South Australia Australia NA Dingo 1 1 0.74 0.00 NA NA 

Edmonton Canada Alberta Coyote 1 1 0.09 0.00 NA NA 

Algonquin Park Canada Ontario Coyote 3 3 0.16 0.02 0.18 NA 



Prince Edward Canada Ontario Coyote 7 17 0.24 0.20 NA 0.09 

Toronto Canada Ontario Coyote 1 1 0.10 0.00 0.49 NA 

Montgomery United States Alabama Coyote 4 10 0.54 0.23 0.08 0.32 

Troy United States Alabama Coyote 12 17 0.18 0.18 0.23 0.02 

Eufaulia United States Alabama Coyote 2 8 0.35 0.28 0.18 0.16 

Denali National Park United States Alaska Coyote 2 4 0.38 0.06 0.16 0.01 

Corona United States California Coyote 6 9 0.17 0.08 NA 0.07 

Los Angeles United States California Coyote 1 1 0.38 0.00 0.09 NA 

Lincolnton United States Georgia Coyote 1 3 0.08 0.00 0.18 0.03 

Augusta north United States Georgia Coyote 3 6 0.36 0.09 0.63 0.10 

Augusta west United States Georgia Coyote 1 2 0.52 0.00 0.25 0.00 

Chicago United States Illinois Coyote 3 6 0.58 0.00 0.29 0.00 

Nevada United States Nevada Coyote 1 4 0.57 0.17 0.30 0.08 

Alligator River United States North Carolina Coyote 1 4 0.41 0.11 0.18 0.02 

Akron United States Ohio Coyote 1 2 0.23 0.00 0.30 0.00 

Cleveland United States Ohio Coyote 1 3 0.19 0.00 0.12 0.00 

Rhode Island United States Rhode Island Coyote 1 3 0.19 NA 0.30 0.05 

Johnston United States South Carolina Coyote 2 8 0.48 0.16 0.28 0.06 

McCormick United States South Carolina Coyote 3 10 0.36 0.24 0.20 0.19 

West Texas United States Texas Coyote 1 1 NA NA 0.20 0.00 

Utah United States Utah Coyote 1 2 0.43 0.17 0.33 NA 



Table S2. Animal capture and handling procedure information for each study area. This includes Institutional Animal Care and Use 
(IACUC) protocol numbers, permits from government agencies, and other information relevant to the ethical treatment of animals 

during research. 

Study Area Species Country Capture and Handling Permit info 

Alabama, East 

Montgomery 

Coyote United 

States 

University of Georgia IACUC protocol (A2014 08-025-R2) 

Alabama, Troy Coyote United 

States 

University of Georgia IACUC protocol (A2014 08-025-R2) 

Alabama, West Eufaulia Coyote United 

States 

University of Georgia IACUC protocol (A2014 08-025-R2) 

Alaska, Denali Gray 

Wolf 

United 

States 

NPS IACUC: AKR_YUCH and DENA_Burch_Wolves_2013, 

AKR_DENA_Borg_Wolves_2016.A3, AKR_DENA_Borg_Wolves_2019.A3 

Alaska, Denali Coyote United 

States 

UW IACUC #4381-01 

Alaska, Prince Of Wales 

Island 

Gray 

Wolf 

United 

States 

ADF&G Animal Care and Use Committee (ACUC #2012–028 and #2014–15) 

and the American Society of Mammalogists (Sikes and Gannon, 2011) 

Alaska, Yukon Charley Gray 

Wolf 

United 

States 

NPS IACUC: AKR_YUCH and DENA_Burch_Wolves_2013.A3, 

AKR_YUCH_Sorum_GrayWolf_2016.A3 

Alaska, Yukon Flats NWR Gray 

Wolf 

United 

States 

U.S. Fish and Wildlife Service Region 7 Animal Care Protocol no. 2008022 

Alberta, Edmonton Coyote Canada University of Alberta Animal Care and Use Committee, AUP00002336 and 

Province of Alberta Wildlife Research and Collection Permit 

Alberta, NE Gray 

Wolf 

Canada University of Alberta, Wildlife Animal Care Committee Class Protocol #761 

(Study Id. AUP00000040). 

Alberta, W Gray 

Wolf 

Canada University of Montana IACUC#s 059-08MHECS, 056-09MHWB; University 

of Calgary, Animal Use Protocol: BI‐2007‐57; University of Alberta, Wildlife 

Animal Care Committee Class Protocol #761 (Study Id. AUP00000040).    

Alberta, Ya Ha Tinda Gray 

Wolf 

Canada University of Montana IACUC#s 059-08MHECS, 056-09MHWB 

Arizona, New Mexico Gray 

Wolf 

United 

States 

Recovery permit and operating procedures authorized by the U.S. Fish and 

Wildlife Service (Permit Number: TE091551) 



Australia Dingo Australia Wildlife Ethics Committee of the Department of Environment and Natural 

Resources, Government of South Australia (Permit number: 16/2008): Animal 

Care and Ethics Authority O06/009 from Orange Animal Ethics Committee, 

clearance number A05020 from Charles Darwin University Animal Ethics 

Committee and permit number 33607 from Northern Territory Parks and 

Wildlife. The Central Land Council provided permit number CD004 for 

conducting research on Aboriginal Land. 

Australia, South Australia Dingo Australia University of Adelaide Animal Ethics Committee S-2015-177A 

British Columbia, East Gray 

Wolf 

Canada Capture permits provided by British Columbia Ministry of Forests, Lands and 

Natural Resource Operations.   

British Columbia, North Gray 

Wolf 

Canada BC Wildlife Permit FJ14-156487 

British Columbia NE 

Prince George 

Gray 

Wolf 

Canada All capture was in accordance with the guidelines of the Canadian Council on 

Animal Care. 2003. Guidelines on the care and use of wildlife. Ottawa, Ontario, 

Canada. 

British Columbia W Prince 

George 

Gray 

Wolf 

Canada  BC - Wildlife Act Permit PG17-272811 

California, Los Angeles Coyote United 

States 

Procedures were approved through California Department of Fish and Wildlife 

permit #0005636 and in accordance with ASM standards (Sikes 2016) 

California, Corona Coyote United 

States 

Capture and handling protocol followed guidelines of U.S. Geological Survey, 

Western Ecological Research Center, Animal Care and Use Committee and was 

approved by the Colorado State University and University of California Davis. 

Chernobyl Gray 

Wolf 

Belarus University of Georgia IACUC Protocol #: A2015 05-004 

Croatia, Slovenia Gray 

Wolf 

Croatia Ministarstvo zaštite okoliša i prirode Hrvatske, UP/I-612-07/15-48/47 517-07-

1-1-1-1-15-4 24 April 2015

Ellesmere Island, Nunavut Gray 

Wolf 

Canada Utah State University IACUC protocols 2365 and 2489, Government of 

Nunavut Wildlife Research Permits 2014-010, 2015-048, 2016-043, 2017-042, 

2018-036. 

Georgia, Lincolnton Coyote United 

States 

University of Georgia IACUC (A2014 08-025-R2) 

Georgia, Augusta Coyote United 

States 

University of Georgia IACUC (A2014 08-025-R2) 



Illinois, Chicago Coyote United 

States 

OSU IACUC #2013A00000012 

India Golden 

Jackal 

India ATREE Animal Ethics Committee - AAEC/101/2016 

Israel Gray 

Wolf 

Israel Permit # 2017/41568 issued by the Israel Nature and Parks Authority (INPA). 

Italy, Apennines Gray 

Wolf 

Italy We followed the guidelines of the American Society of Mammalogists for use 

of wild mammals in research (Sikes et al. 2016), under permit issued by the 

Italian Institute for Wildlife Management and Conservation (ISPRA). 

Manitoba, Riding 

Mountain National Park 

Gray 

Wolf 

Canada Memorial University AUP 16-02-EV 

Michigan, Upper 

Peninsula 

Gray 

Wolf 

United 

States 

Mississippi State University (IACUC protocols 09-004, 12-012, 15-013, 17-

119) and State University of New York College of Environmental Science and

Forestry (protocol 180505)

Minnesota, Grand Portage Gray 

Wolf 

United 

States 

Wolves captured with procedures developed with a veterinarian on record and 

in accordance with guidelines of the American Society of Mammalogists for 

use of wild mammals in research (Sikes 2016). 

Minnesota, Northcentral Gray 

Wolf 

United 

States 

We followed the guidelines of the American Society of Mammalogists for use 

of wild mammals in research (Sikes and the Animal Care and Use Committee 

of the American Society of Mammalogists, 2016) under USFWS permits 

PRT831774 and TE3886A-0 and the approval of the U.S. Geological Survey, 

Northern Prairie Wildlife Research Center Animal Care and Use Committee. 

Minnesota, Voyageurs NP Gray 

Wolf 

United 

States 

University of Minnesota, Voyageurs Wolf Project IACUC-R1S1 Protocol # 

1905-37051A; NPS IACUC: MWR_VOYA_WINDELS_WOLF 

Portugal, Alto Minho Gray 

Wolf 

Portugal All capture and handling with wolves were carried out under license from the 

national authority for Nature Conservation (Instituto da Conservação da 

Natureza e das Florestas; Licenses 326/2007/CAPT, 259/2008/CAPT, 

261/2009/CAPT, 330/2010/CAPT, 20/2012/CAPT, 388/2013/CAPT, 

73/2014/CAPT, 229/2015/CAPT and 126/2016/CAPT), and animal handling 

followed guidelines of the American Society of Mammologists (Sikes et al. 

2011). 

Nevada Coyote United 

States 

Utah State University IACUC Protocol Number 1515 



North Carolina, Alligator 

NWR 

Coyote United 

States 

Louisiana State University Agricultural Center Institutional Animal Care and 

Use Committee (Protocol Number AE2009-19) 

Norway, Sweden Gray 

Wolf 

Sweden, 

Norway 

Norwegian Food Authorities FOTS id 15370 

NWT Central Gray 

Wolf 

Canada Research permits WL003091, WL005627, WL005634, WL005622, 

WL005761, WL005768, WL500098, WL500199, WL500289, WL500393, 

WL500481, WL500666; Northwest Territories Wildlife Care Committee 

NWT Great Slave Lake Gray 

Wolf 

Canada Wildlife Research Permit # WL500666 Northwest Territories Wildlife Care 

Committee 

NWT, Northeast Gray 

Wolf 

Canada Research permits WL003091, WL005627, WL005634, WL005622, 

WL005761, WL005768, WL500098, WL500199, WL500289, WL500393, 

WL500481, WL500666; Northwest Territories Wildlife Care Committee 

Ohio, Akron Coyote United 

States 

Coyotes were captured in accordance with guidelines of American Society of 

Mammalogists (Sikes 2016) 

Ohio, Cleveland Coyote United 

States 

Ohio Division of Wildlife (permit #14-168) and the Ohio State University 

Institutional Animal Care and Use Committee (protocol #2013A00000006) 

Ontario, Algonquin Admixed 

wolf 

Canada Ontario Ministry of Natural Resources Animal Care Committee (Protocol nos. 

75-06 to 75-19)

Ontario, Algonquin Coyote Canada Ontario Ministry of Natural Resources Animal Care Committee (Protocol nos. 

75-06 to 75-19)

Ontario, Algonquin Eastern 

Wolf 

Canada Ontario Ministry of Natural Resources Animal Care Committee (Protocol nos. 

75-06 to 75-19)

Ontario, Algonquin Gray 

Wolf 

Canada Ontario Ministry of Natural Resources Animal Care Committee (Protocol nos. 

75-06 to 75-19)

Ontario, Michipicoten 

Island 

Gray 

Wolf 

Canada Ontario Ministry of Natural Resources Animal Care Committee (Protocol nos. 

75-15 to 75-19)

Ontario, Northern Gray 

Wolf 

Canada Ontario Ministry of Natural Resources Animal Care Committee (Protocol nos. 

75-08 to 10)

Ontario, Prince Edward 

County 

Coyote Canada PEC coyote study: Trent University Animal Care Committee (protocol no. 

10016) and the Ontario Ministry of Natural Resources Wildlife Animal Care 

Committee (protocol nos. 10-219 through 12-219) 

Ontario, Toronto Coyote Canada Ontario Ministry of Natural Resources Animal Care Committee (Protocol nos. 

75-17 to 75-18)



Quebec Gray 

Wolf 

Canada Université Laval IACUC CPAUL: 2008026-3 and MFF: CPA-97-05 

Rhode Island Coyote USA Methodology was approved by an institutional animal care and use committee 

(IACUC) established by RI Department of Environmental Management (DEM) 

Sasketchewan, North Gray 

Wolf 

Canada Animal Use Protocol 20130127 of the University of Saskatchewan and permit 

14FW037 of the Saskatchewan Ministry of the Environment 

Sasketchewan, Prince 

Albert NP 

Gray 

Wolf 

Canada Capture, collar deployment, and subsequent behavioral tracking adhered to 

Parks Canada Agency Animal Care standards (permit PANP-2013a); 

Université Laval IACUC 2008167-3; 2011196-1 

Serbia Golden 

Jackal 

Serbia Ministry of Environmental Protection (license number 353-01-2669/2016-17) 

South Carolina, Johnston Coyote United 

States 

University of Georgia IACUC (A2014 08-025-R2) 

South Carolina, 

McCormick 

Coyote United 

States 

University of Georgia IACUC (A2014 08-025-R2) 

Spain Gray 

Wolf 

Spain Regional Governments of Galicia and Principado de Asturias, as well as the 

Organismo Autónomo de Parques Nacionales, with permits 19P72009, 

481/2011, 1389/2013, CO709/0164/2013, 526/2015, 19/2006, 71/2009, 

86/2011, Res. 17/02/2017 and Res. 01/03/2018.  

Texas, West Coyote United 

States 

Texas A&M IACUC 2009-026; Texas Parks and Wildlife SPR0405-067 

Utah Coyote United 

States 

USDA-NWRC IACUC: QA-1907, USU: IACUC-2182 

Wisconsin Gray 

Wolf 

United 

States 

 Wolf collaring was conducted following the Department’s Bureau of Wildlife 

Management “Protocol for Safe and Humane Capture, Handling, and Sampling 

of Gray Wolves(Canis lupus) in Wisconsin” approved by the WDNR’s Animal 

Care and Use Committee (GrayWolf_SOP_11). 

Wyoming Gray 

Wolf 

United 

States 

Wolves were captured following guidelines of American Society of 

Mammalogists (Sikes 2016) 
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