Population Dynamics V(t), P(t)

dV/dt = r V(t) - o V(t) P(t)

dP/dt = B V(t) P(t) — D P(t)

Equilibria: (0, 0) and (V* =D/B, P* =r/o)
Self-Regulation?
(1/V) dV/dt =r - o P(t)

(1/P) dP/dt =B V(t) - D

Per-capita Prey Growth: Depends on P(t), not V(t)
Per-capita Predator Growth: Depends on V(t), not P(t)

Lotka-Volterra Predator-Prey Model: No Self-Regulation

How did Volterra derive model?

O-1soclines (same rate = 0)

Pictures from Ricklefs’ Economy of Nature
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Section Three  Popularion Ecology 193

Such chemical protection remains in effect for two to three years, precipitating further hare
decline, Predarors, he argued, simply exacerbate population reduction. Thus, although lynx
cycles depend on <nowshae-hare numbers, hares flucruate in response to their hasr plants.
Subsequently, Smith er al. (1988) showed that, although food quality greatly affects hare
biomass, most hares die of predation, not searvarion. However, death due to predation is
greatly exacerbated by poor quality of hares, which is of course greatly affected by food qual-
ity; thus, there seems to he a good deal of common ground between the predation and star-
vation camps. Most recently Sinclair er al. (1993) suggested a correlation berween the
frequency of sunspots, the level of herhivory on white spruce by snowshot hares, and hare fur
records stretching back 200 years.

93 EVIDENCE FROM EXPERIMENTS AND INTRODUGTIONS

Perhaps the best way to find our whether predators dererming the abundance of their prey is
to remove predators from the system and ro examine the response. One of the best examples
involves dingo predation on kangaroos in Australia (Caughley etal. 1980). The dingo, Canis
familiaris dingo, is the largest naturally occurring camnivore in Ausralia and an important
predator of imported sheep. Dingows have been intensively hunted and poisoned in sheep
country—southern and eastern Australia—and long fences (some up to 9,600 km) extend ro
prevent them from recolonizing areas, providing a classic experiment in predator contral.
The result has been a spectacular increase, {66-fold, of red kangaroos where the dingoes have
been eliminated in New South Wales (Fig. 9.7), over their density in south Australia, where
dingoes have not been molested.

New South Wales | South Australia

. |
Dingos absent | Dingos present
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Figure 9.7 Density of red kangaroos on a transect across the New South Wales-South Australia
border in 1976, The bor it is comcident with a dingo fence that prevents dingoes from mosing from

South Australia inta the sheep counoy of New South Wales, (Redrawn from Caughley et al. 1950.)
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Chapter 9 Predation

Enmus {Dromaius novachollandiae) are also more than 20 times mare abundang i d
free areas, Dingoes are also frequent predators of feral pigs in wopical Australia (
1990). In Cape York, northern Queensland, there is a gross shortage of young pigs
two years old on the mainland where there are dingoes, On neighboring Prince of
Island where dingoes are absent, recruitment is considerable (Fig. 9.8).

Other important exoric animals in Australia are Eurapean foxes and feral cars. Both
do damage to domestic livestock and are subject ro eradication by shooting. In areas o
these predators were shot, numbers of rabbits, also exotic in Australia, increased (Fig,
Where rabbits increase, valuable rangeland may become overgrazed. The effects of p
on their prey is clearly a subject of interest to farmers as well as biologists.

Another striking example of predation pressure has heen provided by an inadvertent
troduction by humans, Marine sea lampreys { Petromyzon marinus) live on the Arlantic coa
of North America and migrate into freshwater to spawn. Adult lampreys feed by arraching
themselves o other fish, then rasping a hole, and finally sucking out the hody fluids, The pai
sage of the lamprey to the upper Grear Lakes was presumably blocked by Niagara Falls befor
the Welland Canal was builr in 1829. The first sea lamprey was found in Lake Erie in 1921
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Figure 9.8 Contrasting population. seructeres of feral pigs where dingoes are (a) present and
(b) absent in tropical northern Auseralia. {Afrer Newsome 1090 )
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Lotka-Volterra

Population Dynamics V(t), P(t)
dV/dt =1 V(1) - a V(t) P(t)
dP/dt = B V(t) P(t) — D P(t)

Suppose Prey Self-regulate

dV/dt =1 V(t) - ¢ [V(O]* - o V(t) P(t)

dP/dt = B V(t) P(t) — D P(t)

c: Crowding, Hence Intraspecific Competition in Prey

Logistic-like Minus Loss to Predation

Consider Rosenzweig-MacArthur Model
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Figure 8.2 Twa hypothetica) Predator isoclines. (o) Below some threshold
Prey density, X' individual predators cannot tapture enough PTEY per unit time
1o replace thémselves, To the left of this threshold prey density,

Populations decrease. 1o the right of it they increase i

below their own carrying capacity, K,
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Self-Regulation: dampens cycles; increasing persistence
May stabilize positive equilibrium node
Prey Self-regulation Stronger than Predation

Stabilizes Interaction



