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- Methods > Results & Discussion > What is next? >

Influence of the environment on population numbers

Intraspecific competition

Interspecific competition
Population

Climate
/ structure

Predation .
Demographic
Sex ratio parameters

Regulating factors

Limiting factors

Hunting

Nicholson, 1933; Saether, 1997; Gaillard et al., 2000; Turchin, 2003; Alalouni et al., 2013; Rushing et al., 2017; Donini et al., 2021



- Methods > Results & Discussion > What is next? >

Carrying capacity

Number of individuals

A

Regulating factors
+
Limiting factors

Number of individuals

A
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Time

Number of individuals
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Time

Mytton & Keith, 1981; Macnab, 1985; Friend, 1990; Banks et al., 2000; Wittmer et al., 2005, 2007; Bowler et al., 2019
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High-density populations

Number of individuals

A

Time

Hino, 2000; Kinnear et al., 2002; Smith & Engeman, 2002; Coté et al., 2004; Dexter et al., 2013; Seki & Koganezawa, 2013; Lamarre et al., 2017
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The case Of moose (Adapted from Timmermann & Rodgers, 2017) —
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NS 5,000 S
ME 60,000 +
NH 3,800 -
MA 1,200 S
CT100S
MI 1,673+
VT 2,200 -
LW!<50$ NY 500-1,000 +
North American jurisdictions.
™~
(From Vucetich & Peterson, 2014)
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Rotter & Rebertus, 2015; Timmermann & Rodgers, 2017; Desgagnés et al., 2022
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General objective

: improve our understanding of the dynamics of high-density moose populations

living in areas where no sport harvest nor logging occur, and where the main predator is absent

Sub-objective 1 : identify the factors that drive the dynamics of a high-density moose population living

in a protected area meeting the above specifications

VARIATION OF THE POPULATION SIZE

Incidental Sport hunting
predation \

Hypothesis : Climate

Parasitism

Intraspecific
competition

Alternative
hypothesis :

VARIATION OF THE POPULATION SIZE

Sport hunting

Climate

Intraspecific
competition

Incidental

predation Parasitism

Sub-objective 2 : develop a predictive model to help managing overabundant populations
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Modeling period Data sources AVAILABLE ENERGY AND
PROTEINS FOR MOOSE IN
1982 to 2020 L e
,//r\
ME and CP ME and CP
Time step requirements / requirements
i Winter available ME and available ME ghd ['\_
* Yearly (starting the 1%t of March) duration CPin winter [+ _ CP in sumgfler §
Age-structured model | ,
e Juveniles (females and males < 1y) |wNTER D e POPULATION
* Yearling females (1to 2 y) Lo Transports O, SIZE
Québec

* Yearlingmales Tt
e Adult females (>2vy)

Black bear \Rpad -CQ'HEB‘NQ\
* Adult males > INCIDENTAL HUNTING ROAD

PREDATION COLLISIONS

Coyote

6 environmental factors Foréts, Faune

et Parcs

Quebec

Energy and proteins Predation and winter tick

10
Belovsky & Jordan, 1978; Schwartz et al., 1987; Créte, 1989; Ballard, 1992; Gaillard et al., 1998, 2000; Samuel, 2004; Musante et al., 2007; Benson et al., 2017
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Pattern-oriented modeling AVAILABLE ENERGY AND
PROTEINS FOR MOOSE IN
THE HABITAT 1982 1990
CLIMATE e —
Obseryedwvgand CP A punc anME andrg ﬁqu 1900
. att A requ rements / requirements L
Winter Snow avalla le ME and | SeX|rati@ble M ggsl [\ S1990
duration depth CP|n winter 5 ‘cruiI CP in summer 13 c
I\C 11T . 1 \ cee
X 166,000 . 1982 O
Terhperature ~au b
_ Productivity SNG

- 7 MOOSE

11

nn°l
B ) WINTER POPULATION
R I N VY e P Sivi
X parameters b [by;b,)] b 8 N\ | > TSimulate Mgy -~ Tg90
i = — i s TR "L N . i S e -
to calibrate : N 3 S1982 51990
z [21;22] z |Blackbeaf €% Y- \rl g7 F
& L NG RO
HUNHIRS COLLISIONS
Coyote X 100,000
X. : Black bear kill rate ~ a * (moose density / bear density) + b
[a,;a,] [by;b,]

Grimm et al., 1996; Wiegand et al., 2003; Piou et al., 2009; Gallagher et al., 2021
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Pattern 1 Pattern 2 Pattern 3

Simulation n°1 dev, dev, dev, >

Simulation n°1  Simulation n°77 888

Simulation n°2 dev, dev, dev, a a
b b
Simulation | |
<’77 - dev, dev, @ , ,
°
Simulation e®®
1°100 000 dev, dev, dev, : o

12
Grimm et al., 1996; Wiegand et al., 2003; Piou et al., 2009; Gallagher et al., 2021
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AVAILABLE ENERGY AND
PROTEINS FOR MOOSE IN
THE HABITAT
CLIMATE —HEARIAT
ME and CP ME and CP
requirements / requirements /
Winter Snow available ME and available ME and |/
duration depth CPinwinter . _ 2 CP in summer AN
Temperature - e i3
= . DO
WINTER : ~OFULATIC
TICK o o
Black bear e ROAD
INCIDENTAL
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AVAILABLE ENERGY AND
PROTEINS FOR MOOSE IN
THE HABITAT

% In winter, the population reached twice the
carrying capacity for several years.

w1, Insummer, the population remained under 50%

T ERbry CQUINERE SRRSTAIRY population at time ¢

Metabolizable energy available in the habitat at time t
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Sum(p.erf’(jsually not the limiting season

Possibly due to a poor estimate of th&€4Pfying
Dig&'lca paBCity 1990 1895 2000 2005 2010 2015 2020 2025

Year

roteiry requirements of:the population attimeito.47 0.44 0.48 0.48 0.56 0.56 0.64 0.65 0.81 0.75 0.85 0.91 0.92 1.08 0.98 0.88

SQOI;{PS gﬂwgﬁﬁgégﬁ§§a¥%éaplﬁlgEQ%Q@Q’I@} g:tF‘iirE‘.%EtD.gﬁ .90 0.98 0.97 1.14 1.13 1.30 1.32 1.64 1.52 1.73 1.84 1.87 2.19 1.99 1.79

2.02 1.89 2.05 2.22 2.20 1.99 2.41 2.07 2.02 1.73 :ig
show(rapport_energy_5s_L)
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Q.03 0.03 0.03 0.03 0.04 0.04 0.05 0.05 0.0

.18 0.18 0.19 0.19 0.20 0.20 0.20 0.19 0.1

a.
a.

=l o
L]
-

3 5 5 0
0 9 9 1

7 0.07 0.08 0.08 0.09 ©0.09 0.10 0.11 0.12 0.13 0.14 0.1 0.16 0.17 0.18 0.18 0.18 0.18

16



Methods

Introduction >
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WINTER
TICK
ukr Prevalence varying between the simulations, wr Probably underestimating the infestation level
but infestation level < 35,000 ticks/moose ol of the past 10 years
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> Introduction > Methods > Results & Discussion -

 More simulations to improve the precision of the parameter values

e Sensitivity analysis

* Use of the model to project the dynamics of the population until 2050 under several scenarios of
intervention by the park managers (still to define)

el w w -
o =] o =
—>—

Mo
o

Y

Y
wn

—_
=

o

Moose density (no. / 10 km?)

o

1970 1980 1990 2000 2010 2020 2030 2040 2050
Year \ J

21



TN, e
d WhLGn

. e _ 1 r 5 - o ¥ ~ ‘¥, 5 : o % 3 ke .
. g . : i f ks . : : Y

S s % : . .

a . i Y Y Jo Sam o I A A : : Ay ! - : . - - T

p 249 & ) } y . 5 2
e = # Ll > ) vd - ‘N A -
LN ! ‘ ') 3 R ) AN - : o e L . : e
\ Q ~

ACKNOWLEDGEMENTS' o - i W ALk

J!s‘_

3ot 2
.A,‘

. .
' .

\

..

’ '-:‘::,!-. e
Ithank the fundm or an|zat|onsI
” .g N %fﬁ‘gn "

",)1 3 'f

. Martin- Hugues St-Laurent (UQAR) and B .' | W] |
— L TN ol Teep LSSl S . Université du Québec | SR P Park
|erre Etcheverryi(Parks Canada)l™™ = = et ) a Rimouski EENESS Canada Canada ST

-It %u" ey . " '\:A&A i a‘{.'

L oo SarahuBaudum (Office Fran(;als de la

o Dan|el Slgoum (Parks Canada) JeanPlerre“

Tremblayj(ULavaI) Martln Dorals (MFFP) v

—“Jé'an Frangms*Desgagne%gPourvowl £
Selgneurle NlcolasRloﬁ)-*AIamCaron

~—and JeanDaw ~DupU|s (I:gks Canad )_l_,;,:.,




Introduction

Climate data update

v
| Ecoforestry data update |
I

Results & Discussion

What is next?

¥

| Tick abundance index |

\—’{ Adults and yearlings emigrating }4—1

|

Adults and calves killed by road
collisions

|

Consumption/availability of energy and proteins in summer

June 11t — July 30t

|

Calves Killed by black bears

|

Calves killed by coyotes

¥

Adults, yearlings and calves killed
during hunting season

28th

!

August 1t
— February

Consumpfion/availability of energy and proteins in winter

£=
[Ty} Proportion of non infested ‘ i , Proportion of infested
; juveniles surviving the winter Infestation juveniles surviving the winter
] \ //
E -
B Infestation = severity
8 Yes threshold ?
r k
= earling calving rate ., = 0 No
T Twinning rate t,,=0
= 1
#* Adults and yearlings dying
I
P Male aging
(=
- fes Mo
g 17 Yearling calving rate =07 —¢
>3
-3 - Adult and yearling calving
Adult calving rate
L' | 9 ‘ rates, and twinning rate
o v 3
- Juveniles = adult calving rate * adult Juveniles = adult calving rate * (1+twinning
o females rate) * adult females + yvearling calving rate *
= Female aging yearling females

Female aging

23
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CLIMATE

Survival rate of adult males = snowm1 * index of winter duration + nccsl * carrying capacity of the last summer + n
Survival rate of adult females = showmz2 * index of winter duration + nccs2 * carrying capacity of the last summer + o
Survival rate of yearling males = snowm3 * index of winter duration + nccs3 * carrying capacity of the last summer + p
Survival rate of yearling females = snowm4 * index of winter duration + nccs4 * carrying capacity of the last summer + q
Survival rate of juveniles non infested by winter tick = nijs * number of snow-days + d

Calving rate of adult females = a_repro * number of snow-days + i

Calving rate of yearling females = y_repro * number of snow-days + j

Twinning rate (adult females) = tw_rt * number of snow-days + k

Threshold value of the number of snow-days [9,000 ; 12,000]

24
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WINTER TICK

Percentage of juveniles infested [10 ; 70] (Pouchet et al., in press)

Infestation = ¢_infes * index of tick abundance + a

w, X, y et z (multipliers for the 4 components of the index of tick abundance) 1or2
Survival rate of the infested juveniles above the snow-days threshold = sijsup * infestation + b

Survival rate of the infested juveniles under the snow-days threshold = sijinf * infestation + ¢

Threshold value of the infestation [50,000 ; 90,000]

25
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INCIDENTAL
PREDATION

Kill rate of bears = krb * (moose density / bear density) + |

Kill rate of coyotes = krc * (moose density / coyote density) + m

Emigration rate of adult males = eam * moose density + e
Emigration rate of adult females = eaf * moose density + f
Emigration rate of yearling males = eym * moose density + g

Emigration rate of yearling females = eyf * moose density + h

26



