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Yodzis & Innes 1992, Am. Nat.
e.g., Rosenzweig-MacArthur model

p predators

1 predator
——— nprey

1 prey L links

dp N dp, P m+z"zle"y""N" )
ey . —Li\Tm,

——=Pl-m+t——— dt h.N,
dt ( m 1+th) < 1+ZjEPrey(i)yﬂthJ
dN yP dN, _ P Y P
—=N(oa—pPpN——"—— =N,(a,—B,N,— )
dt (=P 1+th) dt (BN, Zl:ll+zleprey(i)ylihiN,)

6 parameters
2XP+2Xn+2XL parameters

L>max(n,p)



e.g., Rosenzweig-MacArthur model

dt

Yodzis & Innes 1992, Am. Nat.

p predators

1 predator
————— n prey
1 prey L links
N dP; P(—m +Zk:1 ;Y Ny )
_D(_mi &Y S, —Lil—m;
=P 1+th) ) dt 1+ZjePrey(i)yjihiNj
yP de yk.P.

=N(a—BN — — N,

( B 1+th ) dt ( Bk Zl_l ]' ZlePrey ylzh N )

Parameterisation matters!

Non-linearity can create brutal changes of

dynamics with small changes of parameter values
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‘Strategic’ ‘Tactic’
Model type

Models for explanation Models for
Qualitative predictions guantitative forecasts

McCallum, 2008 « Population parameters (...) »
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‘Strategic’ ‘Tactic’

Model type
Models for explanation Models for
Qualitative predictions guantitative forecasts
T ———
Arbitrary parameterisation Allometric scaling

Bifurcation analysis

Structural stability analysis Biomass flow approaches

McCallum, 2008 « Population parameters (...) »
Gauzens et al. 2019, Meth. Ecol. Evol.
Rohr et al. 2014, Science



‘Strategic’ ‘Tactic’

Model type
Models for explanation Models for
Qualitative predictions guantitative forecasts
— “ .
Arbitrary parameterisation Allometric scaling

Bifurcation analysis

Structural stability analysis Biomass flow approaches

‘ Different strategies which helped to better grasp the dynamics of ecological communities.

McCallum, 2008 « Population parameters (...) »
Gauzens et al. 2019, Meth. Ecol. Evol.
Rohr et al. 2014, Science



Summer

Humphries et al. 2017, Integr. Comp. Biol.



Hibernation

““Annuals
Humphries et al. 2017, Integr. Comp. Biol.



Winter

igration

Hibernation

““Annuals
Humphries et al. 2017, Integr. Comp. Biol.
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Conversion efficiency

Mortality rate

P;
dt

dN

Predators’ growth rates
\ .

Preys
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Attack rate

dt
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Intrinsic growth rate

Ecology

Saavedra et al. 2016



Looking for a

ﬁ: (—m+e,> y.N,) ) feasible equilibrium What are the

g = " L * o parameters allowing
Wi N (=N, y,P) (P",N"}>0 such equilibrium?
dt TV k\ Mk k - ki~ i

Defining a feasibility domain

DF:{mi:eiYuNl"""+eiYsNiNsN/\ai:Ni+Yi1P1+'"+YisPPsPWithNi>0/\Pi>O}

. t
And its size Q(y)= det (A) with A= diag(ey') I
H (Z Aij) 0 Y
j i
Saavedra et al. 2016, Ecology



+ their randomisations to test the effect of their interaction distribution

Ecology

Saavedra et al. 2016



® Summer network
= Winter network

15

7 Randomized networks

Density

o ]
I | | I | | | I | |
16" 1078 107% 107¥ 16 10732 1074 1 1072 1078
Likelihood of community persistence

Seasons differ in the probability of the community to persist.

Saavedra et al. 2016, Ecology
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® Observed variation

= Variation without changing summer network

= Variation without changing winter network
Variation from randomized networks

I
10°
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Variation of community persistence

The changes in food web
structure are such that
their minimise the variation
of community persistence.

Saavedra et al. 2016, Ecology



Density

1.25
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05

025

® Observed variation

= Variation without changing summer network

= Variation without changing winter network
Variation from randomized networks

The changes in food web
structure are such that
their minimise the variation
of community persistence.

But what would realistic parameters result in?

What would happen if we modelled predation seasonality?

| I R e R
10° 10° 107 10°
Variation of community persistence Saavedra et al. 2016, Ecology



A focus on a given time period 1985+1 - 1995+1,
and on the Polish part of the Bialowieza forest

Collection of scats and pellets during summer and winter

— biomass fractions in predators’ diet - dietary preferences
for each season (p, )

Estimates of daily food intake of predators (DFI. for adults and
juveniles)

Estimates of seasonal densities of prey (R,)

Body masses (M, M,)

Estimates of litter/brood size, birth rates



A focus on a given time period 1985+1 - 1995+1,
and on the Polish part of the Bialowieza forest

Year n

Summer Winter

16" April to 30" September 1%t October to 15" April
= 168 days = 197 days



General Lotka-Volterra model with predator self-regulation

dP, Z:zleifki(N)

)

pl(Pifki(N))

?:Pi(_mi_gipi-i-




General Lotka-Volterra model with predator self-regulation

dP, Z:zleifki(N)

?:Pi(_mi_gipi-i- i )
dN, p P.f,.(N
F=Nk("k—l3ka)—Zi:1( i ))

M.

1

Linear terms for
* Predator baseline mortality rates
* Prey intrinsic growth rates



For prey

General Lotka-Volterra model with predator self-regulation Feeding resources are not
infinite
n
dPl- _p (_ _a P +Zk:1 eifki(N) ) For predators
dr m;—g; & | Territoriality constrains
» : predators densities
de . Zi:]. Plfkl<N>
d =N, (r =B N,— M )

Non-linear self-regulation for both prey
and predator species




General Lotka-Volterra model with predator self-regulation to describe biomass growth

dP, Z:Zl e;fii(N)

—=P(—m.—qg.P.+
dt l( 1 gl 1 , )
p
dﬂ:N (r _B N _Zizl Pifki(N)) Type_I/TypeII
dt KTk PRk M. functional responses
f,(N) A
Yii N
fki(N): ay N,
1+ZjEPrey(i)aﬁhiNj
> N

k Per capita killing rate (g/y)



Summer

1 2 3

1 12 13 14 15

16 17 18 19 20 21

Daily food intake (g/d)

A

GiiN(DFI)ixpiix(n

ﬁ

Number of days of presence in the
forest during Summer (d) for the TR

days | | =
1 0.0 0 0 O

Winter

7 8 9 10 1 12 20 21

4 5 6 13 14 15 16 17 18 19

predator i
A
w (D Ia I) w w
~y,
G, XpeX(n, ).
ki i ki n days /i |
. 10T T A0 00 VA
Preference of predator i for
p rey k d u rl ng WI nter 1 - Accipiter gentilis 8 - Falco subbuteo 15 — Mustela nivalis
2 - Accipiter nisus 9 - Glaucidium passerinum 16 - Mustela putorius
= Bird 3 - Aegolius funereus 10 - Lutra lutra 17 — Mustela vison
= Mammal 4 - Aquila pomarina 11 - Lynx lynx 18 - Nyctereutes procyonoides
= Fish 5 - Asio otus 12 - Martes martes 19 - Pernis apivorus
= Reptile 6 - Buteo buteo 13 - Meles meles 20 - Strix aluco
= Amphibian 7 - Canis lupus 14 - Mustela erminea 21 - Vulpes vulpes
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Ge=J, fu(N)di=] " fu(N)de+]  f(N)dt
. J g \ J
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— Discovery rate (haly)
1+Z_ Preyli] a;hN, = the area annually explored by the predator / to find prey k
jE€Preyli !

Handling time (y/g)

Maximum annual intake (g/y)

% ~((DFI )" +b,x(DFI """ )x 365

I

Predator / birth rate
(N juveniles / adult / year)



a,;

1

Discovery rate (haly)

prey(i) i hN, = the area annually explored by the predator / to find prey k
rey(i

fki(N):
1+Z:je
Following Baudrot et al. (2016 in Ecology):
ai(N): Zk a, N, < The total biomass of prey discovered by one predator i (g/y)



a,;

1

N,

Discovery rate (haly)

prey(i) i hN, = the area annually explored by the predator / to find prey k
rey(i

fki(N):
1+Z:je
Following Baudrot et al. (2016 in Ecology):
qi(N): Zk a, N, < The total biomass of prey discovered by one predator i (g/y)

N, ay

1

N, The preference of predator i for the prey k depends
<" on prey relative densities

I

pki(N):Zak

a,; N - ai(N)
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1

N,

Discovery rate (haly)

prey(i) i hN, = the area annually explored by the predator / to find prey k
rey(i

fki(N):
1+Z:je
Following Baudrot et al. (2016 in Ecology):
qi(N): Zk a, N, < The total biomass of prey discovered by one predator i (g/y)

N, ay

1

N, The preference of predator i for the prey k depends
<" on prey relative densities

I

pki(N):Zak

a,; N - ai(N)

Predators either search or « handle » their prey
Searchin /
C :(Ci> g"'zk (Ci>k

i



a,;

1

N,

Discovery rate (haly)
N, = the area annually explored by the predator j to find prey k

fki(N):1+Z_

Prey(i) aﬁ hi
Following Baudrot et al. (2016 in Ecology):
ai(N): Zk a, N, < The total biomass of prey discovered by one predator i (g/y)

iV ay

1

a,; N - ai(N)

N, The preference of predator i for the prey k depends
<" on prey relative densities

pki(N)ZZa

Predators either search or « handle » their prey

i

=G T ()

carchin The proportion of searching individuals
_pki(N)Xai(N)X(C')S M

C.

1

fu(N)
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1

N,

Discovery rate (haly)

prey(i) i hN, = the area annually explored by the predator / to find prey k
rey(i

fki(N):
1+Z:je
Following Baudrot et al. (2016 in Ecology):
ai(N): Zk a, N, < The total biomass of prey discovered by one predator i (g/y)

ki NV ay

1

l. _ayN, The preference of predator i for the prey k depends
a,; N, a,(N)

< on prey relative densities

pki(N)ZZa
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«(N)xo,(N)x(cC, (N)=

fki(N):p ( )Xa (C)X( ) fkl(N) 1+hi><zkpkiai(N)

i _/




f ( N)= Discovery rate (haly)
& 1+Z < Prel) a;hN, = the area annually explored by the predator j to find prey k
JE€Preyli

Pi(N)Xa,(N)
1+h xo,(N)

For a given time t, fu(N)=

y+1 y+1/2
G= y fki(N)dt:fy fkl dt"'fy /2 fkl )dt
. \ J
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S
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x(t)=%(1+e,sin(2mt)) if v >y

v (t)=%(1+ exsin(Znt+T2L)) otherwise



= A non-autonomous ODE system

x(t)=%(1+e,sin(2mt)) if v >y

x(t):z(1+exsin(2m+72i)) otherwise



Summer peak

Sprirg utumn Spring
Breeding period
Summer
| T | | 1
0.0 0.2 0.4 0.6 0.8 1.0

Time (y)

x(t)=%(1+e,sin(2mt)) if v >y

v (t)=%(1+ exsin(Znt+T2L)) otherwise
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Biomass density (g/ha)
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Simulated density (g/ha)

1e=03

Type Il
Simulated density (g/ha)

1e=03

2
3

le+01

1a+05

le+01

o Py
] + 3- IEIIu:r. S.g0
F, +0 48
i T+% + T
Py
% B
. A
g T 1 T 1
1a-03 1e-01 1a+01 1a+03 1e+05
Observed density (g/ha)
_ ¢ L8 @ P/
4 H _,.:gq"-ﬁ e
_ i‘i"&f + g &
48,4
._‘.-_'.; .._Fra"
e’ T 1 T 1
1a-03 1e—01 1e+01 1e+ld 1e+05

Observed density (g/ha)

Season
* Spring

* Summer
* Autumn

Species type

< Amphibian + Fish #* Other
4 Bird 0 Mammal © Reptile



Mostly species for
which we have
little information
about their
densities
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Squared erroryg, ...

Type Il

Squared errorg...
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This parameterisation is site-specific.

l.e., aAki:f(RObs)

This facilitates comparison between sites.

But, it requires a lot of data.
There is a general trade-off between food
web resolution and temporal resolution.

e.g., Boit et al. 2012, Ecol. Lett. ; Curtsdotter et al. 2019 J. Anim. Ecol.
vs. e.g., Hudson et al. 2013, Proc. R. Soc. B.



* This parameterisation is site-specific.

Simulations produce life-like patterns of densities.

A prerequisite to numerical experiments.

Model accuracy could be improved by collecting
missing data (mostly densities...).

Trade-off between persistence and accuracy.



* This parameterisation is site-specific.

* Simulations produce life-like patterns of densities.

Simulated dynamics are annual, but observations suggest a different story.

Diensity of birds (Wind / k) in spring Qe

1700~ SFI’I"Ig densities of birds

1600 4
15004
14004

1200 -
11004
1000 4
a004

7004

5004

¥ = 100534 + 6.068X

R*=0.588, n = 18, p < 0.005

58323883

Index of combined impact
of caterpilars and srow
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B Catarpiilar abundence
] snow cover

T T T T

‘81 82 'B3 ‘84

OmmO Bird dersities in spring
= |ndex of combined iImpact
of caterpilars and snow

'8 "8G 'Sr ‘60 ‘B89 'S0 M1 '92 93 'S4

Mear

Fig. from Jedrzejewska &
Jedrzejewski, 1998



* This parameterisation is site-specific.

* Simulations produce life-like patterns of densities.

Simulated dynamics are annual, but observations suggest a different story.
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Fig. from Turchin &
Hanski, 1997, Am. Nat.

5 10 15 2
D. ZVENIGOROD

Widespread multiannual population fluctuations for
many small rodents, especially at higher latitudes.

Hypotheses are many !

Barraquand et al. 2017, Ecol. Lett., Myers, 2018, Proc. R. Soc. B

Models of population dynamics usually focus on the
interplay between predation and seasonality.

BUT, it is often necessary to explore parameter
space to find the parameterisation that mimic
observed time series.



e.g., Rosenzweig-

Bull. Math. Biol.
MacArthur model
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Rinaldi et al. 1993,
Bull. Math. Biol.

e.g., Rosenzweig-
MacArthur model
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Ingredients for more complex dynamics are gathered...
...provided predator’s regulation is low enough!

g;=0.01xg; g:=9;
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Parasites and
pathogens

Competitors

Alternate
prey

Generalist predator

?

Generalist consumer

T

Alternate
prey

Pulsed seed production

?

Abiotic pulse or
synchronized signal

Ostfeld & Keesing 2000,
TREE



_ * Intra- and inter-specific competition.
* Each species * Multiple sources of food for predators.
competes with itself.
* The predator has only
one food source.

If generalist, the predator can hunt other prey : a, |
Competition for territory should be harsher: g. 1
Competition on basal species should be higher: K, |



_ * Intra- and inter-specific competition.
* Each species * Multiple sources of food for predators.
competes with itself.
* The predator has only
one food source.

If generalist, the predator can hunt other prey : a |

Community-level competition Competition for territory should be harsher: g. 1
processes in food webs strongly Competition on basal species should be higher: K |

constrain parameter space relative
to modelled predator-prey pairs.




* Each species
competes with itself.

* The predator has only
one food source.

Community-level competition
processes in food webs strongly

constrain parameter space relative
to modelled predator-prey pairs.

* Intra- and inter-specific competition.
* Multiple sources of food for predators.

Prey oscillations may be due to processes

that are not usually modelled in food web
models.




Thank you for your attention
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Intrinsic growth rates of the prey scale
with species body mass following the
quarter power law (Savage et al.,

2004).
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Intra-specific competition rate (ha/g/y)
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The phenomenological estimate (§),_ .
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The phenomenological estimate (§),_ .

H1: Year-round average values of predator
biomass densities are constant.

The model-based estimate (g.)

H1 + H2
H2: g. limits the predator density to a given

threshold when the population kill a
maximum biomass of prey.

Model

e
( i1i><]»4})-__rrh

CHM™%1.5

(gi)Model —

Density dependent mortality (ha/g/y)

1e+00 1e+02 1e+04

1e-02

o
]

g
gi

Model
Data

1e+03

Body mass (g)

1e+05




200

20 50

200

20 50

=
(2B
o 5
he) ()
&
(0
g <
o (o) I | | | | 1
(D =
90 92 94 96 98 100
Per. =0.84
I | | | |
2e+04 4e+04 6e+04 8e+04
Rk
K
>
e
& 5
© (]
G
o
&g
[oX (o) [ | | | | 1
(D —
9 92 94 96 98 100
Time
Per. =0.78
| [ [ [ |
2e+04 4e+04 6e+04 8e+04

200

20 50

200

20 50

1e+03

Species density
1e-06

Time

Per. = 0.92
| | | | |
2e+04 4e+04 6e+04 8e+04
Y Ry
>
R
g 5
© ()
o -
- o,
2 9
[oX () [ | | | | 1
(D o
90 92 94 96 98 100
Time
%
D I IR T —
e Per. = 0.89
I [ [ [ |
2e+04 4e+04 6e+04  8e+04
Ry



i
- £ -
L O o, ©) i
9= (e} = 3z
-5 o > o
Q5 g 4 A 2 g
o o 51 ° ° & 8
>30T - A + S Ao fi=ad
|_ 2 I o P'e) A [}
B o SIS S B g
[
g 2 - 5
© m ©
= A S
2 T T T T QLT T T T T T T
1e-06 1e-02 1e+02 1e+06 0 20 40 60 80 100 120
Squared error(g), . Species rank
R 0 < R < i< e =
i Y O R ) RO o e T
F 8-
% 8 o] E =
A 2 -
&= o
=l S 2 °
T o £
o = o % fe=t
|2| 9 [} A 2 OA %P [} i
(2]
8 = a ol b
g o = —
n Po <] |
i . ® 8]
< T T T T Dl T T T T T T
1e-06 1e-02 1e+02 1e+06 0 20 40 60 80 100 120
Squared error g Species rank
Season Species type - ! i
. . @ Observed —o— rin
* Spring < Amphibian © Mammal (I\) Sp 9
e Summer A Bird * Other Ji)Model el L

e Autumn + Fish o Reptile (G@)oata  —7— Autumn



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65
	Slide 66
	Slide 67

