SOCIAL & SPATIAL CONSTRAINTS
ON PREDATOR-PREY DYNAMICS
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Imagine a lion that hasnmet Mark Lewis:
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Perception zone




funciond ¥ (N) a N
response 1+ a(hy+ hy)N

a = searclpath width (0.4 km) x travelelocity (10 km/day)
X prahabhility of succesg0.29) = 1.16 .km?/day

h, = time/attack (0.013 day) x attacks/captiid)
= 0.045 day fotions hunting wildebeest

h, = carcassnass(85 kg) x digesttime/masg0.01/day/kg)
= 1.422 days for lions hunting wildebeest
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Prey are both highly aggregated
and highly mabile

Photo: Dny Sinclair



Migration acrosseasonsombined with nomadism
within seasonm the Sereget wildebeest

Holdo, Holt, & Fryxell (2009) 5
Am Nat 173: 431-445




Changes due to random fission and fusion event
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Gueron and Levin (1995) The dynamics of group formation,
Math Biosci 128:243-264




Fission Fusion Fusion Fission
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Estimating group vs population density
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Wildebeest groupensity vs. populatiodensity

effect of 'b’
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Consequences of prey grouping...

wony o 2eND
1+ a(hl + h2)-@

reduced encounter rate
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Lions aregregarious, forming prides

Photo: CraigPacker




Lions have
varied
considerably
In abundance
over time...

Lion adult population size

1980 1990
Year

...but average group
size hasnt’'(G = 6.3
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Fryxell et al. 200MNature 449:1041-1043




Cons@uences opredatorgrouping

eachpreymustbe
shared with group

reducechandlingtime
per predator
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Lions must defend group territoriagainst other
prides favoring formation of lage groups, even
though it may compromise foraging.

Mosser et al.
(in presskcol Lett

18




Topics

. Group formation and lion functional response
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1000 1500
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Dynamcs d lion-wildebeed system:

0
9 N(t) = rmaXN(t)-{l( t ) } — P(t)-¥ (N(1),G)

dt

%tP(t) = P(t)-(e- W (N(1).C) — d
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Fryxell et al. 200MNature 449:1041-1043




Prey abundance required to sustain predators
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Prey grouping Is stablilizing...

|

Wildebeest Wildebeest




Predator grouping Is stabilizing...

6.3 lions/pride 5.3 lions/pride

|

Wildebeest
Wildebeest

Hence, hunting of social predators could be destabilizing...
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Topics

. Group formation and lion functional response
. Grouw formation andpredatorprey dynamics
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...as Is the spatial location.




Mean Annual Precipitation
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Metzger & Sinclair (unpubl. Data)




Movement byThomsons gazelles tracks
grasspatchedhat antimizedaily enegy gair

Daily energy gain (MJ/day)
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Fryxell etal. (2004) EcologyB5:2429-2435



Adaptivepatchdeparturanode
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Local enegy-matching model




Couplediattice mapmodel
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dN..
Cl?:” = Nij[Q(\/ij)_QMj)][A(\/ij)Z(\/ij)_r]
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Fryxell etal. (2005) EcolLetters8:328-335




Couplediattice mapmodel

functional
response

dN..
e Nij [Q(V”) — (9(\/” )][A(VU )Z(Vij)_r]




Couplediattice mapmodel

dN; B -
dt _Nij[Q(\/ij) ‘9(\/ij)]A(Vij)Z(Vij) 1ﬂ]
Spatia




Couplediattice mapmodel

dv,
dt = T(Vy) = Ny [Q(V;) - (V) )IW(V;)

dNij
dt = Nij[Q(\/ij) _‘9(\41' )]A(\/ij)z(\/ij)_r]
numerica
response

Fryxell etal. (2005) EcolLetters8:328-335




Per capita rate of herbivore increase relative to plant biomas

percapgrowth(V) = (Z(V)-A — F)
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Thomsons gazelles Grass biomass

Distribution of gazelles (in g/mz) Distribution of grass biomass (in g/mz)
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Thomsons gazelles Grass biomass

Distribution of gazelles (in g/mz) Distribution of grass biomass (in g/mz)

2
5
£
S
S
o)
o
o
>

Y coordinate

X coordinate X coordinate




Thomsons gazelles Grass biomass

Distribution of gazelles (in g/mz) Distribution of grass biomass (in g/mz)
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Thomsons gazelles Grass biomass

Distribution of gazelles (in g/mz) Distribution of grass biomass (in g/mz)
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Thomsons gazelles Grass biomass

Distribution of gazelles (in g/mz) Distribution of grass biomass (in g/m2)
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Thomsons gazelles Grass biomass

Distribution of gazelles (in g/mz) Distribution of grass biomass (in g/mz)
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Thomsons gazelles Grass biomass

Distribution of gazelles (in g/mz) Distribution of grass biomass (in g/mz)
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Thomsons gazelles Grass biomass

Distribution of gazelles (in g/mz) Distribution of grass biomass (in g/mz)
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Thomsons gazelles Grass biomass

Distribution of gazelles (in g/mz) Distribution of grass biomass (in g/mz)
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Conclusion

. Groupformationis sahilizing
. Predator group formation lendsensity-dependenc:

. Managemenactionsshouldercouiag@atural
grouping patterngp improve probabillity of

persistenc

. Interaction between social and spatial structure
Implicationsfor predato-preydynamic:




