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Introduction
 Ongoing loss of biodiversity worldwide
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 Ongoing loss of biodiversity worldwide
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 Anthropogenic habitat alteration

Laliberté & Ripple 2004, Pimm et al. 2014, Newbold et al. 2015, Ceballos et al. 2017, Tilman et al. 2017, Dìaz et al. 2019

ExpansionContraction Persistence

after Laliberté & Ripple 2004
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 Climate change

20°C

20°C

Parmesan & Yohe 2003, Gonzalez et al. 2010, Lenoir et al. 2020, IPCC 2021
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 Combined effects of climatic and anthropogenic threats

Sultaire et al. 2016, Wan et al. 2019



Introduction
 Boreal caribou (ecotype of woodland caribou 
subspecies)  important northward contraction 
of trailing edge of distribution since 1850 

7Courtois et al. 2003, Vors et al. 2007, Drever et al. 2019
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Apparent 
competition

Roads

Human 
presence

Forest 
cuts

Fragmentation

Seip 1992, Courtois et al. 2004, Wittmer et al. 2007, Yannick et al. 2016, Newton et al. 2017, Lochhead et al. 2022, Stewart et al. 2020, MacNearney et al. 2021
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after Schaefer 2003

 Limited literature on woodland caribou range 
recession and climate change

1850

Present
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10Barber et al. 2018, St-Laurent et al. 2022, Nelson et al. 2022

 Limited literature on boreal caribou range 
recession and climate change (forecast)

After 2050Present



Objective

What is the impact of recent climate change on the 
northward contraction of boreal caribou distribution in 
Quebec since 1850 ?
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@SEPAQ/Denis Desjardins

 Hypothesis : Climate change is not the main factor of 
northward contraction



Methods - Data

 Southern limits of distribution range 

from past timesteps

12Banfield 1961, Courtois et al. 2003



Methods - Data
 Caribou telemetry data (2004-2019)
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Reanalysis Period covered Spatial resolution 

20CRv3 1850-2015 1° x 1°

CERA-20C 1901-2010 1° x 1°

ERA5 1950-2019 0,25° x 0,25°

Nottaway
Assinica
Témiscamie
Manicouagan 
Basse-Côte-Nord

Romaine
Pipmuacan
Val-d’Or
Charlevoix
Gaspésie

after MFFP 2021

 Climate data :



Methods – Statistical analyses
 Model building and use (BIOMOD2) : 

1850, 1900, 1970, 2010
20CRv3, CERA-20C, ERA5

Climate 
niche model

Hindcasted 
climate niche 

1850
1900
1970
2010

Hindcast
(reconstitution)

Thuiller 2003, Liu et al. 2005, Pearson et al. 2006, Araújo et al. 2007, Chylek et al. 2011, Berteaux 2014 14

• Temperature
• Precipitation
• Snow
• Phenology

1981-
2010

20CRv3
CERA-20C

ERA5

Baseline :



Methods – Statistical analyses

 Quantification of discrepancies between historical and hindcasted southern limits

Hindcasted Historical

15

Hindcasted

Historical
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Results – Reconstitutions of past distribution ranges 

TSS : 0.901
[0.896; 0.901] 

TSS : 0.945
[0.945; 0.945]

TSS : 0.926
[0.918; 0.926]
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Results – Hindcast of past southern limits

green : Historical     red : 20CRv3     blue : CERA-20C     black : ERA5
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Results – Hindcast of past southern limits

105 km
vs

620 km

Climate

~17%
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 Key condition: species at equilibrium with its environment
?

CLIMATE

Discussion

CARIBOU 
PRESENCE

TRUNCATED
CLIMATE 

NICHE 

~17%

CLIMATE

VEGETATION

CARIBOU 
PRESENCE

Wiens et al. 2009, Dormann et al. 2012, Anderson 2013, Davis et al. 2014
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Discussion

Letarte 1971

1851 1901
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Discussion

Letarte 1971

1851 1870
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Discussion
 Negative effects of human activities on caribou populations 

 Logging

 Roads 

 Human presence 

 Apparent competition
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©Découverte

(Anthropogenic 
land use…)

CLIMATE

~17%

©Ville de La Tuque

©Radio Canada/ 
Catherine Poisson

Seip 1992, Wittmer et al. 2007, Newton et al. 2017, Fryxell et al. 2020, Lochhead et al. 2022, Stewart et al. 2020, MacNearney et al. 2021
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 Climate change since 1850 = ~17% of observed caribou range recession in 
Quebec

 High quality data BUT disrupted equilibrium state + robust models = biased 
reconstitutions 

 Quantification of bias corrected forecast 

 Better tools for hindcast/forecast and decision making

 Important to question the limits of niche models for endangered big 
mammals + use of historical data 

Take-home messages
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Thank you ! 
Martin-Hugues St-Laurent

Yan Boulanger

Philippe Gachon

Guillaume Dueymes

Clémence Benoit

Daniel Fortin

Sabrina Plante

Étudiant.e.s et professionnelles du laboratoire de 
recherche en gestion de la faune terrestre  

25©Jean-Simon Bégin



Questions ?
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Questions ?
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Supplementary material
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 Arctic amplification threatens high latitude mammals

IPCC 2007, Cohen et al. 2014, Sultaire et al. 2016, Lenoir et al. 2020, Cai et al. 2021

DJF = Dec-Jan-Feb

Cohen et al. 2014

©Dave J. Doe



Supplementary material
 Model building (BIOMOD2) : 

Algorithms

GLM   GAM
RF      BRT

70%

• Temperature
• Precipitation
• Snow
• Phenology

Performance 
index

TSS 

30%

Ensemble 
model20 X

Projection 
for each 
model 

Current climate 
niche according 
to each model

Thuiller 2003, Liu et al. 2005, Pearson et al. 2006, Araújo et al. 2007, Chylek et al. 2011, Berteaux 2014

Weighted 
mean
(TSS)

Current climate niche according to the ensemble model

1981-
2010 20CRv3 CERA-20C ERA5

20CRv3
CERA-20C

ERA5

TSS

Baseline :
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Supplementary material

ERA5
TSS : 0,901
[0.896; 0.901] 

CERA20C
TSS : 0,945
[0.945; 0.945]

20CRv3
TSS : 0,926
[0.918; 0.926]

Presence 

Absence 
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Supplementary material
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 Cartes archives développement économique (foresterie carte 1907, cartes 1850-1870-
présent chemins, routes et chemins de fer, croissances villes + population = 
écoumène 1850-1900, agriculture?)

Discussion

Thuiller 2003, Liu et al. 2005, Pearson et al. 2006, Araújo et al. 2007, Chylek et al. 2011, Berteaux 2014©gallica.bnf.fr / Bibliothèque 
nationale de France
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Supplementary material

~2 million~890,000

©Department of the Interior 
Canada & Chalifour 1915
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Supplementary material
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