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Introduction

» Ongoing loss of biodiversity worldwide
Pollution
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Climate change Invasive species
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Introduction

» Ongoing loss of biodiversity worldwide
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Introduction

» Anthropogenic habitat alteration

I Contraction Persistence
LT

[ Expansion

after Laliberté & Ripple 2004

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



Introduction

» Climate change

20°C

Parmesan & Yohe 2003, Gonzalez et al. 2010, Lenoir et al. 2020, IPCC 2021



Introduction

» Combined effects of climatic and anthropogenic threats
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Introduction

» Boreal caribou (ecotype of woodland caribou
subspecies) = important northward contraction
of trailing edge of distribution since 1850

Present " )
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©Robert McCaw

Courtois et al. 2003, Vors et al. 2007, Drever et al. 2019



Introduction
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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



Introduction

Research Note

Long-Term Range Recession and the Persistence
of Caribou in the Taiga

JAMES A, SCHAEFER

» Limited literature on woodland caribou range
recession and climate change

Northern limit of

sedentary caribou
(-Forest harvesting

after Schaefer 2003
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The direct and habitat-mediated influence of climate on the biogeography )
of boreal caribou in Canada =
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on boreal caribou habitat quality in eastern Canada -
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Potential impacts of climate change on the habitat of boreal
woodland caribou
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Objective

» What is the impact of recent climate change on the
northward contraction of boreal caribou distribution in
Quebec since 1850 ?

» Hypothesis : Climate change is not the main factor of
northward contraction
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Methods - Data

66°N

» Southern limits of distribution range
from past timesteps

62°N

. EE Gaspésie population

== Sludy area

== Southern range boundary (~1850)

=+ Southermn range boundary (~1900)

= = Southern range boundary (~1970)

* Boreal caribou distribution range In
Quebec (2010)

Banfield 1961, Courtois et al. 2003
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Methods - Data

» Caribou telemetry data (2004-2019)
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» Climate data :

20CRv3 1850-2015 1°x1°
CERA-20C 1901-2010 1°x1°
ERAS 1950-2019 0,25° x 0,25°



Methods — Statistical analyses

» Model building and use (BIOMOD?2) :

20CRv3
CERA-20C
ERAS

b % o
«  Temperature Baseline :
* Precipitation 1981-
ﬁ & * Snow 2010
*  Phenol
\ T ) enology
//""‘\\ & ‘ Climate ‘
',' Hindcast niche model
\ (reconstitution)/
\ ,,' 1850, 1900, 1970, 2010
h N 20CRv3, CERA-20C, ERA5 Hindcasted

climate niche

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



Methods — Statistical analyses

» Quantification of discrepancies between historical and hindcasted southern limits
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Results — Reconstitutions of past distribution ranges

1850

1970 2010

20CRv3 TSS : 0.926
[0.918; 0.926]

SR CERA20C | TSS: 0.945

Probability of [0945, 0945]
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. 0.00
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Results — Hindcast of past southern limits

1850 1900 1970 2010
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Results — Hindcast of past southern limits
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Discussion

» Key condition: species at equilibrium with its environment

\ TRUNCATED
CLIMATE
NICHE
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Wiens et al. 2009, Dormann et al. 2012, Anderson 2013, Davis et al. 2014



Discussion
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Discussion
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Legend

Southern Poreat, lurgely oloured

Sawtharr Forest . donae(y wooded

1 - q
@ Narthern Forest, densely wowdled i \ -4

l : Novtherne Foreat, not denaely wooded

Carya amors— Bitter bickory
Carya onata—Shell-bark hickory
*Carya porcine—Hog-nut hickor
*Curya albo—White heart hickor
*Cuarya microcar po~—Smnll-fruite
*Asiming triloba—Cucumbet-tre
* Liriodendron tulipifera—Tulip t
*Gymnocladux Canadensis—Kent
coffee-tree
*Cercir Canadenart—Judas-troe
*Gledilsehiatricanthns—Honey 1o
*Mualur coronaria—Crab-apple
SAmelanchior Conadentis—June-
*Cornusz foride—Flowering dogw
*Nysso syivatica~—Sour gum
*Sasrafrar officinale—Sassafras
*Platanus occidentalis—Buttonw:
*Castanea dentala—Chestnut

*These specles are found or
south- western peninanin of ¢
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Discussion

» Negative effects of human activities on caribou populations

(Anthropogenic

> Logging land use...)

» Roads
» Human presence

» Apparent competition
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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 23



Take-home messages

» 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
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Supplementary material e

» Arctic amplification threatens high latitude mammals

DJF surface temperature trends (1990-2013)
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IPCC 2007, Cohen et al. 2014, Sultaire et al. 2016, Lenoir et al. 2020, Cai et al. 2021



Supplementary material

» Model building (BIOMOD?2) :

Projection Weighted

.....

for each - = mean

ﬁ \ Algorithms model (Perfo:lmance) (TSS) ~ TSS
index . Ensemble
20x ( 70% & | cn cam — . ( )

: 7 TSS model
RF  BRT |

Sy 30%
Baseline: ¢ °© Temperature Current climate
1981- | ° Precipitation niche according

2010 * Snow to each model 20CRv3 CERA-20C ERAS
I *  Phenology ,

20CRv3
CERA-20C
ERAS

Current climate niche according to the ensemble model

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



ERA5
TSS: 0,901
[0.896; 0.901]

CERA20C
TSS : 0,945
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Supplementary material

POPULATION
PROVINCE OF QUEBEC
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