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Diet analysis :
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Obijectives :

* Building a model of this trophic web with
field data (completed with litterature
data)

* Exploring scenarios with this model
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Deterministic model

Density of biomass (energetic considerations)

Discret model (daily time step)

Seasonal variations in trophic interactions
(winter, spring, summer, automn)



General caracteristics : equations

Prey equation : RMMCJ O il

4 !/ Pt 6 P1 trp,
P/ = P} + At.P.omaz, (1 — ——) = ALY [Pl.djis] //77
Kmasci 3 /
= 4 Y = ﬁ:)

Predator equation : " B'+AtIng  B'*Ath, Aty EMAthn,

o YW P/ =P/ + AP/ (-BMR; + R; + GMay,,) + At.P}.Y [EM;;5.GM;j.¢,j]
7=3

. Pit : the total biomass density of the population i at time t ;
e At: the duration of one time step ;



General caracteristics : equations

B'+AtTn, B AtIn,
Prey equation : cC WO
4 6 AtPp, AtPp;
! t
t+1 _ pt t Pz § : t ¢ j’
o Kma,xi —3 /
J (A > o L 5
Predator equation : 6 SR RRAH - S Rl
t+1 t & t
M W P =P+ At.Pl.(-BMR; + R; + GMM,,;S)]JF At.P}.Y [EMijs. GM;j.bijs]
j=3
. Pit : the total biomass density of the population i at time t ;
. t: the duration of one time step :
. émax' > intrinsic growth rate of the prey group i ; \

. | K __ :charge capacity of the prey group i ;

. GM;"_ : rate of daily gained biomass by the population of predator i due to the consumption of alternative food during season s ;
. BMR:S: rate of daily lost biomass by the population of predator i due to its base metabolic rate ;

. @i : rate of daily gained biomass by the population of predator i due to the reproduction and the growths of litters ; )
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General caracteristics : equations
Prey equation : Co WO

4 !/ Pt 6 AtPp, AtPp,
P P = P} + At.P.0maz, (1 — ——) - ALY [Pl.djis] /77 \

M- Kma,xi —3 / / /
=2 C,l Y = ﬁ\‘)
Predator equation; - B A B AN P AIn P A¢n,
o YW P/ =P/ + At.P!.(-BMR; + R; + GMay,, )|+ At.P}. Y [EM;;s.GM;j.¢j]
7j=3

. Pit : the total biomass density of the population i at time t ;

« At: the duration of one time step ;

. (J(maxi > intrinsic growth rate of the prey group i ;

. K __ :charge capacity of the prey group i ;

. GM;Itis : rate of daily gained biomass by the population of predator i due to the consumption of alternative food during season s ;
- BMR : rate of daily lost biomass by the population of predator i due to its base metabolic rate ;

« R :rate of daily gained biomass by the population of predator i due to the reproduction and the growths of litters ;

. EMU_S: mean proportion of consumed biomass on one item of prey | by predator i in season s ;

. GMU_ . conversion rate of 1kg of eaten prey j in 1kg of predator i during season s ;

. ¢ijs: daily biomass of the prey group j captured by 1 kg of predator i during season s. 1
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Parameter estimation : a

maxi
< v P! -
PIY = PE e AL Pl J(1 = =) — ALY [PLgyi]
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* Maximum geometric growth rate (no predation, unlimited resources)
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Parameter estimation : a

maxi

P = P} + At.P [oman, (1 — ——) = ALY [PF.djis]
7=3

i d * Kmasci

* Maximum geometric growth rate (no predation, unlimited resources)
* May be approximated with Cole’s equation (Cole 1954, Fagan 2010) :

- €T Lo !max; Mi T .o ! max; 11_ —Imax;
e Tmazi | e TmasiBi _ pieTTmar; (itl) — 1 —P o7 Tmas;

rmaXi : the maximum exponential growth rate of a mean prey i ; *

B.: the age at first reproduction of a mean prey i ;
& Y the age at last reproduction of a mean prey i ; Omaz; = Tmaz; — 1
m - m.: the average number of female offspring produced per

female of prey i per year.
14



Parameter estimation : K

maxi

4 v pt 6
7 P = Pt 4 AP ovag, (1 — = — ALY [Pyl
& max; 3:3

Difficult to get...
Hypothesis : K __ proportional to o
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- Pt = P4 AP onna, (1 — — —At.Z[Pj.qbﬂS]

Difficult to get...
Hypothesis : K __ proportional to o
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Parameter estimation : BMRi

6
o YW P/ =P+ At P} (—-BMR|+ R; + GMay,,) + At.P}.Y [EM;;5.GM;j.¢5]
j=3

Kleiber’s allometric relationship (Kleiber 1961)
Mean fox biomass (Artois & Le Gall 1988)
Mean cat biomass (Database Amniot)
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Parameter estimation : Ri

6
t+1 t t t
ot YW P =P+ At.Pl.(-BMR; H Ri|+ GMay,,) + At.PL.Y [EM;j5.GMij.¢45]
Jj=3
Outside a reproduction period During a reproduction period
d 1 reproduction period per year
SR..LS, P Y pery
Ri =0 M="Gp
% ’nf 2 reproduction period per year
Where :
« SR :sex-ratio of predator i _ _
. LS : mean litter size of predator i Artois & Le Gall 1988, Meia 2016

: . Spotte 2014
- GP. growth period of predator i (from @Q potte

fecondation to adult size)
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Parameter estimation : GMa

Itis

6
# Y P/*' =P/ +At.P/.(~BMR; + R; {GMay, ) + At.P. Y [EM;j.GM;j.¢55]
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Parameter estimation : GMa

It;
6
#t YW P/ =P+ AtP(-BMR; + R; {GMay,.) + At.PLY [EMije. GM;j.¢i56)
j=8
Collect and analysis of scats
& g
AK
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Parameter estimation : GMal |

6
# YW P/"' =P+ At.Pl.(-BMR; + R; H{GMay, ) + At.P}. Y [EM;;5.GM;;.¢;j]

J=3

Collect and analysis of scats
&

m Conversion thanks to energetic coefficient of meat, fruit and insects
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Parameter estimation : GMa

Itis

6
o YW P/T' =P+ At.PI(~BMR; + Ri {GMuy,,) + At.P}.Y [EM;j5.GM;j.¢55]

J=3

Collect and analysis of scats
&

m Conversion thanks to energetic coefficient of meat, fruit and insects

GM_, different for each season
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Parameter estimation : EMUS and GMij
6

# YW P/T' =P+ At.PI(~BMR; + Ri + GMyy,,) + At.P.Y [EM; JGM;;)¢i]

=3

m Proportion of a prey item which is eaten

m Conversion thanks to energetic coefficient of meat, fruit and insects
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Parameter estimation : (I)ijS

6
ot YW P/ =P/ +At.P(-BMR; + R; + GMan,.) + At.P}. Y [EM;;5.GM;; gbijsﬂ

=3
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Parameter estimation : (I)ijS
6
#t Y P/ =P/ + AtLP{(~BMR; + R; + GMan,,) + ALP!. ) [EMijs.GMij (65
=3

Clijs.(P;)2

5 (Holling functional response type IIl)
1+ 3k —slains-biks.(Pf)?]

qbijs -

a: successful attack rate of predator i on the prey group j during its search time in season s

bijS . handling and digestion time of an individual of the group prey j by a predator i in season s
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Parameter estimation : (I)ijS

6
#t Y P =P+ ALP{(~BMR; + R; + GMan,,) + ALP!. Y [EMijs.GMij (65
=3
118 Pt 2 —> %
Dijs s @ ﬁ.’)olp [;S_mvﬁ Faunistic counts

/ T + 22:3 [aiks-biks[(ﬂ: 2]
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Parameter estimation : (I)ijS

6
#t Y P/ =P/ + AtLP{(~BMR; + R; + GMan,,) + ALP!. ) [EMijs.GMij (65
J=3
17 Pt 2 —> '/
Diis 2\ @ ﬁ")@ [;5_&0§ Faunistic counts

/ 1+ 22:3 ik s bik.s[(sz 2] 2

s v

4 4 :
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Parameter estimation : (I)ijS

6
#t Y P/ =P/ + AtLP{(~BMR; + R; + GMan,,) + ALP!. ) [EMijs.GMij (65
J=3
17 Pt 2 —> 1/
Diis 2\ @ ﬁ")@ [;S_mvﬁ Faunistic counts

Falies = 2 G n

s v

‘ ~ 8 equations (couple prey-predators)
- 16 unknown variables
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Parameter estimation : (I)ijS

6
#t Y P/ =P/ + AtLP{(~BMR; + R; + GMan,,) + ALP!. ) [EMijs.GMij (65
=3
qﬁ _ Clijs.(P;)Q P;—H—oo\ 1
L 1+ Y0 [aiks biks-(P)?] bijis
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Parameter estimation : (I)ijS

6
o YW P/ =P/ +ALP(-BMR; + R; + GMuy,,) + At.P}.Y [EM;;5.GM;, qbijsm
=3
a’LJS(Pjt)Q Pjt—>—|—oo 1 P!—+oo EM;.:,
Pijs = > —>  EM,,.bis —— J
. 1+ 22:3 | Giebipsal P biis Jey bijs
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Parameter estimation : (I)ijS

6
# YW P/T' =P/ +ALP(~BMR; + R; + GMay,,) + At.P}.Y [EM;;5.GM;, gbijsm
=3
Obijs.(Pjt)2 Pjt—>+oo 1 Plstoco EM:
¢i's — 5 EM;:y.biis j , ijs
! 1+ Zgzs [aiks-biks-(P£)2] bijs :> o i bijs

m DFC, : Daily food consumption of the predator i

Hypothesis :

P;—H—oo
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Parameter estimation : (I)ijS

6
#t Y P/ =P/ + AtLP{(~BMR; + R; + GMan,,) + ALP!. ) [EMijs.GMij (65
7j=3
aij.(P})? Pi—+oco 1 P;—+o00 GM;;
bii = 5 g — > i GM;;.¢ij > b--j
1+ Zkzg[azkbm(ﬂg) ] b’.ij )
m DFC, : Daily food consumption of the predator i
Hypothesis : $ o EM,,,
P! 400 Y5 DEC
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Parameter estimation : (I)ijS

6
#t Y P/ =P/ + AtLP{(~BMR; + R; + GMan,,) + ALP!. ) [EMijs.GMij (65

=3
bis = aij (P})*?
= 1= 22:3 Qi bzk(P,i)Q]

? 8 equations _> Qijs =

8 unknown variables

Pijs
(PH2(1 = 3 p_s[ins-biks))
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Populations trajectories
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Populations trajectories

If the foxes no longer eat large birds :a , =0
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Populations trajectories

If the foxes no longer eat large birds during automn:a _ =0 4\
MATLAB
Predators Prey
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Conclusion

e The model works

* Some adjustments are still needed

* Making some brutal tests allow us to detect the importance of certain prey
during certain seasons

37



Perspectives

« Sensibility analysis of the different model parameters using the next
metrics :
> Period length
-~ Integral of the absolute value of one period
» Oscillation size
- Mean value at the end of each season

* Testing scenarios (cat kibbles, fox trapping and hunting,...)

* Any suggestions ?

38



Perspectives

« Sensibility analysis of the different model parameters using the next
metrics :
> Period length
-~ Integral of the absolute value of one period
» Oscillation size
- Mean value at the end of each season

* Testing scenarios (cat kibbles, fox trapping and hunting,...)

* Any suggestions ?

Thank you for your attention !
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