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Cllmate change and human-caused habitat

disturbances are leading threats to biodiversity
| HES,

Both are known to influence different facets of
animal biology, from behaviour to vital rates
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Global declines of caribou and reindeer
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Population trajectories of 58 major caribou and reindeer herds worldwide. Herd ranges depicted in red are in population decline
and ranges depicted in green are experiencing population growth. Population data are unavailable for herd ranges illustrated in grey.
Time series of population estimates for 11 caribou and reindeer populations are included to illustrate historical fluctuations in population
size. The x-axis represents year of population estimate and the y-axis represents estimate of population size.



Designatable Units for
Caribou (Rangifer tarandus)
in Canada
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Boreal populat:ons of woodland caribou
Its conservatlon is * De5|gnated as Threatened in 2000 under
.+ subject of a national . SARA, most populations are declining
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Disinformation and knowledge gap
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caribou forestier pour 2023.

Myuthe # 3

L'etat des connaissances sur le caribou permet de prendre des décisions de gestion bien éclairées
Realité

En 2019, Isieurs éléme e . bien document . . ngem:e tiqus
populations de predateurs, I'etat de situation de certaines populations de caribou, le comportement de l'espece,
les habitudes d'alimentation du caribou, |a fermeture des chemins forestiers, etc. Plusieurs projets de recherches

sont actuellement en cours et apporteront de nouvelles connaissances afin de prendre les meilleures décisions.
Muthe # 4
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Les changements climatiques n'ont pas d'incidence sur les populations de caribou
Realite

mpa - nangemer era 1es popt * a jues a migrer vers le I et ce, plus
rapidement que les vegéetaux. A chaque décennie, une espece peut migrer, selon les chercheurs, de 45 km vers le
nord. De plus, l'arrivee de certaines populations d'especes est accompagnee de certaines maladies, comme le ver
des méninges, ce qui peut avoir des consequences catastrophiques sur ['espece en place. Tout I'habitat de l'especs]
en place sera alors convoité par la nouvelle espéce ou la Loi du plus fort s'appliquera. Le caribou ne fait pas
exception a cette reqgle




Research efforts mostly focused on the role of human-
induced disturbances in the decline of boreal caribou
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undisturbed forests

endangered species
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Boreal caribou is known to be negatively impatfed by *

disturbances due to maladaptive behaviours
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Selecting for cutblocks
under certain

circumstances

»
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Trying to avoid different
predators found at

increased densities
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Influencing range fidelity
' behaviour and thus
9 impacting survival
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...but a few studies already looked into that direction!
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Climate Change Ecology
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limate change on the habitat of boreal

oodland caribou
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The distribution re nhe e“e i Quebe Jlations suggest that
sensitive to climate t. C'\a\N \ nu vegetation would covered ~50%
induced disturi -1 €SP of the study area by 2080s, contributing to a

significant contraction of coniferous forests

BurRithe Projecting how CC will interact with harvest to .
ranges me : £ ) S\ i redation
habitats, alter caribou habitat is critical for conservation .. ..re

planning and adaptive management strategies . ses



Objectives

Provide projections of future habitat of boreal populations of
woodland caribou over a spatiotemporal horizon relevant to
both forest management planning and caribou conservation

. Evaluate the impacts of CC through
alteration of stand-level tree species
interactions and expected modification =
of fire regime as well as of various levels "4 & :
of timber harvesting on habitat quality o~

. Compare the relative importance of o T T
each agent of change o e R A o



PICUS modeliing

it Overview of Methods

Caribou GPS telemetry data: 121 individuals in 7
populations from 2004 to 2011 (735 000 relocations!)

Telemetry data "

| Habitat selection analyses

Relative
probability of
occurrence used
as a proxy of
habitat quality
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Projected probabilities of caribou
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d) Relative probabillities

c) Road decay distance
of occurrence




PICUS modelling

Telemetry data |

| LANDIS-II simulations |

| Habitat selection analyses

E

Projected probabilities of caribou
occurrence

Overview of Methods

Forest landscape simulations were
used to assess the impacts of...

4 climate scenarios: Baseline, RCP 2.6, 4.5 and 8.5

3 harvesting scenarios: Historical, 50%
historical, no harvest

...on 2 variables describing caribou habitat

Average habitat quality, % of high-quality habitats
(i.e. >75% of relative probability of occurrence)



M.-H. St-Laurentet al
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habitat quality

Fig. 4. Sensitivity analysis of the (a) caribou relative probability of occurrence average as a proxy of habitat quality, and (b) percentag

quality habitat (%

a) Average habitat quality
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caribou
habitat

Future fire
regimes will
strongly
decrease
habitat quality

...but adjusting
harvest levels could

panels present the exact same 150 simulations (30 treatments each replicated 5 times) with colour schemes that identify them ac

climate change scenario (left), fire regime (middle), and harvesting level (right). Curves show the marginal effects of the given factor, |

of the remaining simulation factoes.

provide flexibility




Partitioningtheeffects,ofthe3.drivers

a) Average habitat quality
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Fig. 6. Variation partitioning of simulated caribou habitat quality in 2030, 2050 and 2100. In each bar, the relative importance of climate-inducetchanges 1 en
climate-induced changes in stand dynamics and harvesting are shown for both the average habitat quality (a) and the percentage of high-quality habltat (b). Importance
was assessed by calculating w®-values after a three-way factorial ANOVA. The dark gray area represents residuals.




Projected changes in habitat quality (2100)

Worst-case scenario Average scenario Best-case scenario
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scenario and climate-induced —— resulted in a subtle increase in
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Our results support a pressing call for action regarding the conservation
of a sufficient amount (and quality) of caribou habitat to be able to face
future consequences of climate change in boreal forest

» “ i . : I |
3 SN o Reducing long-term
, L » \ harvesting targets
- N -~ .
. N may be unavoidable

to ensure steady,
predictable and

sustainable timber

supplies

> S e
In a nutshell...

There is some manoeuvring space to conciliate timber harvesting and
protection of caribou habitat under future climate change, even in one
of the most disturbed part of the species range in Québec
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There is still time to reconcil ! ol Caribou
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We did not correct for potential feedbacks

leltatlons between land cover change and fire activity, so

we potentially underestimated the relative
importance of timber harvesting on the long-

Roads were considered as a term (2050-2100)
fixed landscape feature, so
future cutblocks were We fixed the average clearcut rate at 0.45%/yr,
simulated without creating which might be considered low compared to
new roads that would what should be expected under sustainable
connect these patches to the forest management (~0.8%/yr), again
existing road network underestimating the importance of harvest

We assumed that caribou behaviour will remain constant until
2100, so we excluded any potential for local adaptation among
caribou populations, forcing our model to be conservative



Coping with climate change...

One can assume 5 1 R
that the mobility of 4 e 4 e g

an individual will
partly define its
capacity to adjust
its movements to
changing
environmental
conditions



Climate Change vs. ANTHRO disturbances

Studying these effects simultaneously could help us understand if these
drivers shape animal movement additively or

Synergistic effect ...or compensate some of the negative
may exacerbate impacts depending on the direction of
negative impacts W _ . interactions between weather and

under future CC... disturbance-related factors




