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\‘\%S 108 = CHAPTER 3

Table 3.1
Success rates for lion hunts*

T. Gazella Wildebeest & Zebra Other

qroup no, % no. % no. %
size hunts success hunts success hunts success

1 185 i5 33 i5 31 19

2 78 31 17 35 i1 o

3 42 a3 i6 13 5 20
4-5 42 a1 © 16 37 4 25

6 15 a3 21 43 T 0

*From Schaller 1972, Table 59.

3.1 The Serengeti Lion

Schaller (1972) observed a total of 523 chases of prey by Serengeti
lions, and recorded the success rates for hunting groups of different
sizes—sce Table 3.1, Slightly more than half the hunts (274 out of
523) were undertaken by groups of lions; for zebra or wildebeest
prey, nearly 70% of the hunts were by groups. With some excep-
tions, groups experienced a higher success rate than individuals.
If, as a first approximation, we ignore the fact that females must
usually share their kills with males and young, then the average

individual food recovery per chase f can be expressed as

. —_PnW‘
=i

(3.1)

where n = hunting group size, p,, = probability of successful hunt,
and W = average weight of prey. Note from Table 3.1 that this
measure of success gives a slight advantage to groups of size two
(velative to single hunters) for Thomson'’s gazelle, and a somewhat
larger advantage for wildebeest and zebra. Groups larger than
two are never advantageous on these terms, yet larger groups are
frequently observed (Table 3.2).

A more detailed analysis of average individual daily feeding
rates as a function of hunting group size was given by Caraco
and Wolf (1975), who included such additional features as mul-

- tiple kills, scavenging by hyenas, and ecological circumstances

70.2%
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F1a. I.—Capture officiency and food availability per lion vs. lion group size.
Solid line, showing efficiency of capture of Thomson's gazelle as a function of lion
group size, has been visually fitted to observed data. Triangles indicate mean
available prey biomass (kg) per lion per three captures (corrected for multiple
kills) for each lion group size. Three chases approximate daily prey availability
during dry season along woodlands-plains border. A daily average of three chases
is predicted minimum for group of any size to physiologically sustain itself on
Thomson’s gazelle. Data from Schaller {1972},
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Fia. 2.—Mean edible prey biomass (kg) per lion per three chases (predicted
daily index) as a function of lion group sizes preying on Thomson’s gazelle, Dashed
line at intake of 6 kg represents daily physiological minimum requirement for an
individual lion, males and females averaged.

intake is the greatest, and the individuals maximize their energetic benefit-to-
cost ratio.

Schaller, citing a number of studies in addition to his own observations,
concluded that adult male lions require an average of 7 kg of meat per day to
remain healthy., Females require an average of 5 kg of meat per day as a
physiological minimum. We employ 6 kg per lion as the daily minimum intake

This content donnloaded from 128.114.163.7 oa Thy, 9 May 2013 14:26:26 PM
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204



348 THE AMERICAN NATURALIST
so} o . 250
i oo 2
3 W83
¥ S 3
S Jis0 T
P .
3 84
& g
& 200 {100 R
g 3B
3 =
g =3
I 10- 150 8§
g | 83
1 )3 i 1 i 1 i 1
12 3 &4 5 6 7 8

LION GROUP SiZE

¥16. 3 —Captbure efficiency and food availability per lion vs. lion group size.
Solid line, showing efficiency of capture of wildebesst and zebra as & function of
lion group size, has been visually fitted to observed data. Schaller's report of low
capbure efficiency for three lions has beon omitted; wo doubt that three lions have
a lower capture officienoy than pairs. Triangles indicate mean available prey
biomass (kg) por lion per wildebeest capture (corrected for multiple kills) for each
lion group size, Cirolos reprosont similar caloulations for lions preying on zebra.
Data from Schaller (1972) and Kruuk (1972),

The actual mean availability per lion for these large prey animals incorporates
several associated factors. Schaller estimated that 62.5% of the biomass is
palatable to lions. Hyenas are ecologically very similar to lions and aggressively
attempt to scavenge lion kills (Kruuk 1972), The combined observations of
Schaller (1972) and Kruuk {1972) indicate that, if less than four lions share a
caroass, lions lose about 109, of the meat they capture, as an average over all
habitats. Four or more lions suffer negligible losses to scavengers. Additionally,
Schaller found that a wildebeest or zebra carcass lasted 3 days on the average,
and lions tended not to kill again until they had consumed their capture.
Combining these observations and dividing the prey biomass by lion feeding-
group size gives the expected mean intake available daily to each lion, For each
group size of lions preying on wildebeest or zebra, we can calculate: mean
edible weight (kg) per lion = mean carcass weight (kg) x capture efficiency
{for each group size) x multiple-kill correction x palatability x loss to
scavengers (for group sizes less than four) x } mean carcass proportion con-
sumed per 24 h =+ lion group size. Figures 4 and 6, which are plots of the values
as functions of lion group size, show the approximate daily food-intake curves
and give reported mean group sizes for different habitats. We again assume that
an individual’s energetic expenditure per hunt is independent of foraging-group
size and that hunting time budgets are equal. Two lions should have the
greatest daily intake available and will receive the greatest reward for an equal
energetio investment in hunting. However, groups with a mean of 1,0-4.0 lions
still attain the minimum physiological daily requirement of 6 kg.

‘Fhis content downioaded from §28.114,163.7 oa Thy, 9 May 2013 14:26:26 PM
AH use subject to ISTOR Torms and Condilums
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Fra. 4.—Mean edible prey biomass (kg) per lion per chase per 24 h as s function
of Hon group sizes proying on wildebeest. Line 1 shows hypothesized wot-soason
intake in woodlands-plains border region, where vegetation cover increases lion
capture officiencies. Line 2 gives same cnloulations for eastern plains and western
woodlands, when wildebeest are available prey. Dashed line at intake of 6 kg
represonts daily physioclogical minimum requirement for an individua! lion, males
and females averaged. Observed mean lion group sizes {Schaller 1972) are given for
eastern plains (4), western woodlands (B}, and border region {C).

ol PR

? | frlas o ‘&
: s Yy oy
3 b

2 . de\tk

LION GROUP SIZE

Fra. 6.—Mean edible prey biomass (kg} per lion per chase per 24 h as a function
of lion group sizes preying on zebra. Line 1 shows hypothesized wet-season intake
in woodlands-plains border region, where vegetation cover increases lion capture
officiencies, Line 2 gives same calculation for eastorn plains and western wood-
lands, when zebra are available prey. Dashed line at intalte of § kg represents daily
physiological minimum requirement for an individual lion, males and females
averaged. Observed mean lion group sizes (Sechaller 1972) are given for eastern
plains {4}, western woodlands (B), and border region {C).
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Fic. 1. Total non-pup counts for the western population of
Steller sea lions (Eumetopias jubatus), ca. 1959-2002, showing
the 11 years when range-wide totals were available (Merrick et
al. 1987, National Marine Fisheries Service). The western
population extends from 144° W longitude to the western tip of
the Aleutian island chain. The sheer magnitude of the decline is
obvious in this composite figure, but the spatial structure is not.
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«W Waestern Aleutians Eastern Aleutians  Western GOA Eastern GOA SE AK E-—»

Fio. 2. Stelter sea Jion counts for individual rookeries in the Aleutian Istands, (GOA, Gulf of Alaska), and southeast Alaska
(SE AK), 1973-2002. Even though not every population was censused in every year, many more data are available at this scale.
Each column represents a rookery (see Appendix A: Table Al for full rookery names); cach row is a year. Panels (2} and (b) show
ron-pup and pup counts, respectively. Panct (¢}, in which the pup count has been divided by the non-pup count, provides an index
of fecundity.
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3.6

Tabre 1. The 10 hypotheses and their respective parameters.

" Hypothesis

Parameier and mechanism of decline

Category I insufiicient prey availabilily
Hy: lower prey density — lower fecundity rate

Ity lower prey densily — less pup recruitment

Hj: lower prey density — lower non-pup survival

Category I: unsuitable prey species composition

Hy: higher pollock fraction — lower fecundity rate
Hs: higher poltock fraction — less pup recruitment

4

A

S
\h*\;) P

Hg: higher polfock fraction — lower non-pup survival

F‘Ealegory HI: direct moriality due to fishing activities
H3: more fishing activity — less pup recruitment

Hg: more fishing activity — lower non-pup survival

i.‘tfategory IV: enhanced depredation by killer whales
or sharks

Iy fewer harbor seals (more predation) — less pup
recruitment

H\o: fewer barbor seals (more predation) — lower
non-pup survival

Hy, Hig

N

c1, prey densily increment per unit encounter rate; foraging
shortfalls terminate pregnancy

¢, prey densily increment per unit encounter rate; foraging
shortfalls cause pup starvation

3, prey density increment per unit encounter rate; shortfalls cause
non-pup starvation

¢y, exponent of non-pollock prey {raction in fecundity multiplier

¢s, exponient of non-poliock prey fraction in pup recruitment
multiplier

s, exponent of non-pollock prey lraction in non-pup survival
multiplier

c7, pup mortality rate per fishery gear deployment within 20 km
of rookery

3, non-pup mortalily rate per fishery gear deployment within 20
km of rookery

cg, fraction of potential pup recruitment lost when harbor seal
density < Ay

10, fraction of potential non-pup survival lost when harbor seal
density <l

ficar, harbor seal density below which sea lions become prey to
killer whales
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Flg. 2. The sequential collapse of marine mammak In the North Paclfic
Ceean and scuthern Bering S=a, all shown as preportions of annuat maxima,

Sequential megafaunal collapse in the North Pacific
Ocean: An ongoing legacy of industrial whaling?

A M. Springer®, J, A, Estess, G, B, van Viiet?, T, M. ‘Williams®, D. . Doake, E. M. Danners, K, A, Forney!, and 8. Pflsters




7.9

Tasie 2. Maximum likelihood estimates (MLE) and confidence intervals (based on area under the curve) for the parameters
associated with the four supported hypotheses,

Hypothesis MLE 95% confidence interval
Hy: lower prey density — less pup recruitment 2380000 ’ 2276600-2484 000
Hy: higher pollock fraction — lower fecundity rate 0.053 0.0236-0.0824
Hy; higher pollock fraction — less pup recruitment 3 3.312-4.628
Hyg: fewer HS (more predation) — lower non-pup survival .023 0.01516-0.02784
70000
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Fic. 11. Distribution of range-wide population trajectories
for western Alaska, created using forward simulation and
summed across the 28 rookeries for which 1985 counts were
available or could be estimated by log-linear interpolation. The
dotted lines are 1% and 99% quantiles of the 1000 simulation
runs. The four diamonds show the observed counts, summed
across the same 28 rookeries,
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Muiti-trophic resource selection function enlightens
the behavioural game between wolves and their prey

Nicolas Courbin, Daniel Fortin', Christian Dussauit?, Viviane Fargeot' and
Réhaume Courtois®

YChaire de recherche industrislle CRSNG-Université Laval en sylviculture of faune, Departement de blologie,
Université Laval, 1045 Av. de la Médecine, pavilion Alexandre Vachon, Québec, QC, G1V 0AS, Canada; *Ministére
des Ressources nalurelles et de la Faune, Direction de la faune lerrestre ef de I'avifaune, 880 chemin Sainte-Foy,
Québec, QC, G18 4X4, Canads; and *Minisiére des Ressources naturelles ef de la Faune, Direction de la
biodiversité ef des maladies de la faune, 880 chemin Sainte-Foy, Québec, QC, G1S 4X4, Canada

Summary

1. Habitat selection strategies translate into movement tactics, which reckon with the preda-
tor—prey spatial game. Strategic habitat setection analysis can therefore illuminate behavioural
games, Cover types at potential encounter sites (i.e. intersections between movement paths of
predator and prey) can be compared with cover types available (i) within the area of home-
range-overltap (HRO) between predator and prey; and (ii) along the path (MP) of each spe-
cies. Unlike the HRO scale, cover-type availability at MP scale differs between interacting
species due to species-specific movement decisions, Scale differences in selection could there-
fore inform on divergences in fitness rewarding actions between predators and prey.

2. We used this framework to evaluate the spatial game between GPS-collared wolves (Canis
lupusy versus caribou (Rangifer tarandus), and wolf versus moose (Afces alces).

3. Changes in cover-type availability between HRO and MP reveated differences in how cach
species fine-tuned its movements to habitat features. In contrast to caribou, wolves increased
their encounter rate with regenerating cuts along their paths (MP) relative to the HRO level, As
a consequence, wolves were less likely to cross caribou paths in arcas with higher percentage of
regenerating cuts than expected based on the availability along their paths, whereas caribou had
a higher risk of intersccting wolf paths by crossing these areas, relative to random expectation
along their paths. Unlike for caribou, availability of mixed and deciduous areas decreased lrom
HRO to MP level for wolves and moose. Overall, wolves displayed stronger simitarities in move-
ment decisions with moose than with caribou, thereby revealing the focus of wolves on moose.

4. Our study reveals how differences in fine-scale movement tactics between species create
asymmetric relative encounter probabilities between predators and prey, given their paths.
Increase in relative risk of encounter for prey and decrease for predators associated with spe-
cific cover types emerging from HRO to MP scale analysis can disclose potential weaknesses
in current movement tactics involved the predator-prey game, such as caribou use of cutovers
in summer—-autumn. In turn, these weaknesses can inform on subsequent changes in habitat
selection tactics that might arise due to evolutionary forces,

Key-words: Alces alces, Canis Iupus, managed Canadian boreal forest, multi-trophic
analyses, predator-multi-prey behavioural game, Rangifer farandus, search tactic, wolf-prey
encounter

Lima 2002). Although most studies focus on the view-
poinf of eilher the predator or the prey while considering
Predator—prey interactions are shaped by the habitat the other group as motionless (Lima 2002), both preda-
selection games taking place between them (Sih 199§; tors and prey respond to one another’s distribution and

behaviour (Dupuch, Dill & Magnan 2009; Valeix ef «f.
*Correspondence aunthor. E-mail: ncourbin@gmuail.com 2009). For example, many predators make selective use of
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Fig, 2, Food encounter rate (for sea lions) as a function of distance from the haulout.
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Fig. 1. Capture probability as a function of distance from the haulout.
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Strategy, compromise, and cheating 1297

Table 1, Parameter values used in the model

Parameter Value
Season duration (days) T=180
Number of hours available each day for hunting/foraging g=12
Maximum fasting period (days) for killer whales Je=12
Maximum prey captuse probability in attacks far from the haulout Hoa =09
Distance from haulout (km) where g = u_, /2 o, =10
Probability of mortat injury for killer whales per attack i=0.001
Ratio of predators to prey r=1005
Maximum fasting period (days) for sea lions fs=0
Maximum food encounter rate (per hour) for sea lions far from the haulout You=03
Distance from haulout (km) where ¥=¥,_, /2 cy= 10
Foraging time (hours) lost by ali sea lions due to each attack h=2
RESULTS

Figures 3 and 4 show the fitness surfaces for killer whales and sea lions at the start of winter,
In Fig. 3, the dotted line (connecting vertical tangents of the fitness contours) corresponds
to a killer whale’s optimal attack rate strategy in response to the foraging distance used by
sea lions. The predator’s optimal strategy is to avoid unnecessary risk and decrease its attack
rate when the prey are more vulnerable (further from the haulout). The dotted line in Fig. 4
similarly corresponds to a sea lion’s optimal foraging strategy (distance from the haulout) in
response to the attack rate chosen by killer whales, The line is U-shaped, reflecting a shifting
trade-off between predation and starvation risk: At low attack rates, sea lions go where the
food is, far from the haulout. At intermediate attack rates, the risk of predation drives them
closer to the safety of the haulout, At high attack rates, so much foraging time is lost due to
attacks that the animals must forage further out again to avoid starvation,

By choosing to forage in a more dangerous area, the sea lions are effectively reducing
their level of anti-predator behaviour in response to elevated attack rates, This counter-
intuitive result is actually quite general, We should expect reduced anti-predator behaviour
in any situation where: (1) foraging time is limited, (2) predator attacks are frequent, and
(3) foraging is interrupted by each attack. The same mechanism might explain Lima’s ¢9ss)
observation of house sparrows decreasing vigilance in apparently dangerous settings,

The two response curves form the basis of a game played out over evolutionary time-
scales (Fig. 5): Given a population of sea lions using a fixed foraging strategy (distance from
the haulout), killer whales are predicted to evolve towards the corresponding attack strategy
(rate} shown by the dashed line. Given that attack rate, the sea lions are predicted to evolve
towards the corresponding foraging strategy (distance from the haulout) shown by the
dotted line. In further iterations, the system eventually converges towards the stable point at
the intersection of the two lings, This is a Wash equitibrivm (Nash, 1950; Clark and Mangel, 2000),

Manipulating prey behaviour

When considering the game detailed in Fig. 5, one might ask what would happen if the
predator were somehow able to make additional “false attacks’ without incurring the
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