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Talk outline:
1. Two paradigmas of the optimal foraging theorychand diet choice models.
2. Derivation of frequency dependent fithesfions

3. Calculation of ESS, emergence of partialgresces



Optimal foraging theory
(MacArthur and Pianka, 1966; Emlen 1966)

Two paradigms:

Patch model (Charnov 1976a) — heterogeneous environments cargistiforaging patches.
When a forager should leave its current patch #and t® search for a new patch?

Diet choice model (Charnov 1976b) - homogeneous environments withraéve
resource types, strategy is defined as the prabamith which a resource is included in
the consumer diet

Question: What is the “optimal” foraging strategy?



Fithess function for the diet choice model
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Optimal strategy for the diet choice

Assumption: Prey 1 is more profitable than prey 2, (i.e., % > Z—z)

e1A1U1T1 + e2A2Ua T2
— Imax

W = — =
1+ hl)\lulxl + hz)\Q’UQZEQ (@1,u2)

Zero-one rule;

(1) The preferred food 1 is always included in diet (47 = 1)

(2) The alternative food 2 is included when the abundance of the preferred
food type 1 is lower than the threshold

€2
A1(erhe —eshy)
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otherwise it is excluded.
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. When z; = z7 the strategy is not uniquely defined.

. The optimal strategy does not depend on the number of foragers.



Experiments with great tits
Berec et al. (2003)

Krebs et al. (1977)
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Fig, 3. |a) The apparatus used oo test 3 model of choice between big and
small wortns In great tis (Pares major), The bind st in 3 cage by 3 g
conveyar belt om which the wormes pass by, The worms are visibbe for hali 5
gecomed 38 they pess a gap in the cover over the top of the belt awd the hind
makes its chodee in this briel perlod, I it picks up 8 worm it misses the
oppormumity t choose cues that po by while it is cating, (b} An example of the
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Fitness function for the patch model
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Optimal strategy

~ 1 if egAix1 —mq > eadaxg — Mo
U1 — .
0 if etAix1 — m1 < eaXao — Mo
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What is the optimal strategy when e;A\1x1 — mq1 = esAoxo — mo?



Is it possible to define the strategy when maximmrabf fithess functions does
not predict a unique optimal strategy?

For the patch model this happens when both patches provide the same payoft
(e1tAiz1 — M1 = e2 X2 — M)

For the prey model this happens when the more profitable prey density reaches
the switching threshold z; = ]



Both fitness functions are missing:

1. the ecological feedback, i.e., the effect of comsrs on resources
and resources on consumer strategy

2. The effect of consumer numbers on consumer strétegy
consumer density dependence)
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Ecological feedback for the patch model

(Krivan and Schmitz 2003)
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Time scale separation

Assumption: Resource population dynamics run aastitfme scale when compared
with consumer population dynamics, i.e., resousmpslibrate quickly
with current consumer numbers

dx x
_dtl = a1T (1 — _Lll) — UL A1 T1Y
dx x
_dt2 = Qa9X9 (1 — L—Z) — U2A2x2y
dy
= = (e1 171 — m1)ury + (e2 Aoy — ma)usy

Resource equilibrium: . _ (1 B Amw)
T

Frequency dependent fitness function:

W(fb, U) = ﬁl(61)\1x1—m1)+ﬂ2(62)\2x2—m2) = ’L~L1?“1 1— w —|—’L~L2T2 1— —U2y
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ESSfor the patch model

(Cressman et al. 2004)
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Comparision of unscaled (solid line) and scaled (dddime) population dynamics
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The ecological feedback mechanism for the prey inode

(Krivan and Schmitz 2003):

dzq ( 331) A1T1Y
= a1 1 — — —

E Ly 1+ hi\x + thgUz(xl)xz
dy _ ( e1hiz1 + e2doug(z1)z2 m) ’
dt 1+ hiAix1 + hodous (.’131).5(32

Low resource carrying capacity High resource carrying capacity




The ecological feedback mechanism for the prey inode

dxy <1 xl) AMT1Y
— = 41X - — | —
dt 1 Ll 1+ hl)\lxl + hQ)\Q’LLQ(CUl)ZEQ

dy
dt

( 61)\1£U1 + 62)\2U2(§C1)$2 _ m) y
1+ hidiz1 + hodgug(21)T2

Time scale separation: Resource population dynamrten a fast time scale when compared
with consumer population dynamics, i.e., resousmpslibrate quickly
with current consumer numbers
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Frequency dependent fitness function for the pregen

. 61)\1.’171 -+ 62)\2’&2332
1+ hidizy + hodotozy

2h1 (61L1)\1 + 62332@2)\2) — elH(U2)(1 - \/1 — C(UQ)y)

W(ts,us) =
(G2, u2) 2y H (i) — hiH (uz)(1 — /T — c(uz)y)
Strategy
. Ll)\%(elhg — 62h1) €1
Uy =

arhoXoxa(LiA1(e1the —exhy) — 62)y B Aoza(erhe — eahy)

is a convergence stable ESS (krivan, subm.).
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Consumer population dynamics driven by the singstia@tegy
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Conclusions:

1. Frequency dependent fitness functions can beatefrom population models using
time scale argument.

2. The resulting models can be analyzed using Hie shethods of evolutionarily game
theory

4. For optimal foraging models this approach cadjat partial consumer preferences
for various food types.
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