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Biologie du comportement animal

Sur les traces de Lorenz et Tinbergen
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Les comportements 
sont stéréotypés

Les vautours des Cévennes vivent 
sur les falaises orientées au Sud

Les truites chassent au lever ou à 
la tombée du jour

Les drosophiles copulent ~50 min
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Tinbergen, N. 1963. “On aims and methods of ethology.” Zeitschrift für Tierpsychologie 20:410-433. 

Les quatre “pourquoi” 
de Tinbergen (1963)

Causalité

Valeur sélective

Ontogénie

Évolution
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Deux approches

Comparaisons entre individus ou 
espèces

Ex: Enlèvement des coquilles par les 
espèces de mouettes nichant dans les 
dunes mais pas par celles nichant en 
falaises

Pas de preuve de causalité

Nombreux effets confondants:

allométrie

phylogénie

etc.

Expériences et modèles

Ex: Oiseaux qui picore en milieu ouvert: 
comment choisir entre s’alimenter et 
guetter les prédateurs

La sélection naturelle optimise une 
valeur d’utilité

Contraintes:

maximisation multiple impossible

ontogéniques

mécaniques

etc.
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Le programme

5.4 Biologie du comportement animal5.4 Biologie du comportement animal

Recherche et utilisation des ressources 
(biotiques et abiotiques)

Les comportements sont étudiés sous les 
angles de l’ontogenèse, de leurs fonctions 
biologiques et de leur valeur adaptative (cf. 
N. Tinbergen). L’approche comparative sera 
privilégiée

Interactions entre les individus (compétition, 
coopération)

Les comportements sont étudiés sous les 
angles de l’ontogenèse, de leurs fonctions 
biologiques et de leur valeur adaptative (cf. 
N. Tinbergen). L’approche comparative sera 
privilégiée

Communication (signaux ; fonctions ; 
adaptations aux contraintes 
environnementales et sociales)

Les comportements sont étudiés sous les 
angles de l’ontogenèse, de leurs fonctions 
biologiques et de leur valeur adaptative (cf. 
N. Tinbergen). L’approche comparative sera 
privilégiée

Comportement reproducteur (y compris 
soins aux jeunes)

Systèmes sociaux des insectes et des 
vertébrés

La notion de coûts / bénéfices est au 
programme
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Une approche économique
du comportement individuel

Optimal foraging theory
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FIG. 3. Prey value, E/Th and E/Tb plotted against prey length, for three crab size classes. 
* Crabs 5-5-5 cm, data points and solid lines (a) for E/Th broken line (a) for E/Tb; 
o crabs 6-6-5 cm data points and solid line (b) for E/Th broken line (b) for E/Tb; 
A crabs 7-7-5 cm data points and solid line (c) for E/Th broken line (c) for E/Tb; 
A crabs 7-7-5 cm using 'edge breaking' attack method. 

(Fig. 1 and 2). Similarly shaped curves were generated using Tb but the maxima were 
displaced slightly to the left. These curves apply to crabs using the 'crushing' attack 
method. When forced to feed on larger mussels, the second 'edge breaking' method was 
used and prey value decreased faster than predicted by the extrapolated curves (Fig. 3, 
inset). 

FORAGING STRATEGY 
The diet with unlimited prey availability 

Methods 
Individual crabs were presented with six size classes of mussels, each represented by 

fifteen individuals scattered over the floor of the tank. The numbers of mussels eaten in 
each size class were monitored daily for 11 days, eaten mussels being replaced by ones of 
similar size to maintain prey availability. The procedure was repeated for four crabs in 
each of three size categories. 
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Results 

The shapes of the diet curves for unlimited prey availability (Fig. 4) closely resemble 
those of the prey value curves (Fig. 3). For each crab size, most mussels eaten lay close the 
optimum size predicted by the prey value curves. The peaks of the unlimited diet curves 
are closer to the peaks of the prey value curves based on Tb than to those based on Th 
(Table 1). 

The diet with restricted prey availability 
Methods 

Two crabs of 7-4 and 6-2 cm carapace width were presented with equal numbers of 
mussels in each size class ranging from 0-5 to 7-0 cm in length. The numbers of mussels in 
each size class were monitored every 5 days for 15 days without replacing eaten mussels. 

Results 
During the first 5 days the crabs depleted the optimally sized mussels and took 

successively less valuable mussels, both above and below the optimal size, as time 
progressed and preferred prey became depleted. Eventually, even the largest mussels were 
opened using the 'edge breaking' method. Similarly shaped diet-sequence curves were 
obtained for both crabs and only that for the larger crab is presented in Fig. 5. 
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FIG. 4. Mean daily mussel consumption plotted against prey length, for three crab size classes. 

* Crabs 5-5-5 cm means and standard errors shown; 
o crabs 6-6-5 cm means and standard errors shown; 
A crabs 7-7-5 cm means and standard errors shown. 
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Choix des proies par Carcinus maenas
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Choix des proies par Carcinus maenas
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Choix des proies chez la Mésange charbonnière
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Optimisation de la charge chez un passereau
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Test de l’optimisation de la charge chez Tamia striatus
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Test de l’optimisation de la charge chez Tamia striatus
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La compétition et l’accès aux ressources

Struggle for life
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Mimétisme et 
camou!age  

Catocala spp.
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Mimétisme agressif – Misumena vatia
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Metasyrphus americana
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Physalaemus nattereri 
16

Krebs



Quand la course s’arrête-t-elle?

Extinction mutuelle

Prédation / parasitisme prudent

Avantage intrinsèque des proies
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Distribution libre chez l’Épinoche
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Distribution libre idéale
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Distribution libre idéale
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Territoires de l’Huitrier 
Pie

Résident

Saute-mouton

Non reproducteur

➡ succession
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Économie de la défense 
du territoire

Activité Coût

Nourrissage 1000 cal/h

Repos 400 cal/h

Défense 3000 cal/h

Nectar / fleur Nourrissage

1 µL 8 h

2 µL 4 h

3 µL 2.7 h

17 min (~ 0.28 h) de défense du 
territoire par jour
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Territorialité chez 
Pararge aegaria
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Déterminisme de l’agressivité
selon la théorie des jeux

V − C
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0
V
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➚ Hawk Dove

Hawk

Dove
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➚ Hawk Dove Bourgeois

Hawk

Dove

Bourgeois
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➚ Hawk Dove Bourgeois

Hawk

Dove

Bourgeois
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Les "lets des Hirondelles rustiques

26
Danchin 54



Les "lets des Hirondelles rustiques
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Les "lets des Hirondelles rustiques
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Fig. 2. Numbers of spots per fish and spot length as a function of 
rank predation intensity in the Mainland predator fauna. The 
predator groups are ranked in order of increasing predation 
intensity. For details see text. M stands for localities with 
freshwater prawns and Rivulus hartii rare. The vertical bars 
include two standard errors around the mean. Note the different 
scale for all spots pooled (from Endler 1978). 

Fig. 3. Numbers of spots per fish and spot length for the 
Caribbean fauna. The predator groups are ranked in order of 
increasing predation intensity, as in Figure 2. Color symbols: R- 
O red-orange, DR - dark red, Bk - black, BI blue, G - green- 
bronze, Cr - cream-white, lr - silver- iridescent, Y - yellow, T - 
all spots. All show significant trends except for Bk, Cr spot 
number, and DR, BI, Ir spot size. Note the separate scale for all 
spots pooled. 

Rivulus hartii  (R pools). Ha l f  of  the C and half  of 
the R pools had coarse gravel, and the remaining  
pools had fine gravel, with the same color and 
brightness frequency distr ibutions.  After six weeks, 
a C. alta adult  was placed in each of  the four C 
pools, six R. har t i iwere  in t roduced into each of  four 
of  the R pools, and  the remaining  two R pools had 

no predators.  ;l'his is a 3 x 2 factorial design, 
testing s imultaneously  for the effects of back- 
ground patch size (fine and  coarse) and predat ion 
intensi ty (none, low and high). Complete  censuses 
of all fish were taken at 5 and 14 months  (about  3 
and 9 generations) after the predators  were in- 
troduced. For  further details, see Endler  (1980). 

- - 
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FIG. 1. Changes in the number of spots per fish 
during the course of the greenhouse experiment. K, 
ponds with no predation. R,  ponds with 6 Rivulus 
hartii each (weak predator). C, ponds with 1 Cren-
icichla alta each (dangerous predator). F, foundation 
population of guppies; no predators. S, start of the 
experiment; predators added to R and C ponds only. 
Note the rapid change in C ponds after predation 
began. I and I I  are the dates of censuses I and 11. 
Vertical lines are two standard errors. 

The only notable difference between the 
field and greenhouse is that  the total num- 
ber of spots is higher in the greenhouse. 
Other than that ,  the results are very sim- 
ilar: the number of black, red, and yellow 
spots per fish is about the same in high 
(C) and low (R) predation intensity, while 
the structural colors (blue, iridescent) drop 
out in the presence of dangerous predators 
(C). The differences for blue, iridescent, 
and total spots between R and C are high- 
ly significant, both in the greenhouse and 
in the field. 

Figure 3 presents the effects of preda- 
tion on spot length, height, and total spot 
area in the greenhouse populations (shaded 
bars), and in the field (unshaded bars). Once 
again the convergences on the field results 
are striking. In  each case (except blue), the 
spot length in ponds with R.  hartii is sig- 
nificantly larger than in ponds with C. 
alta. All spots have a significantly greater 
height (measured perpendicularly to the 
body axis) in R compared to C ponds. The 
total area occupied by colored spots is 

greater in R compared to C. Note that  the 
standard error of s ~ o t  size is greater in the 
controls (K) compared to either predator 
treatment (R or C), except for black spots. 
For all characters except black spots, the 
variance ratios (WR) are highly significant 
(P < .01 or ,001). 

Figure 3 also presents the effect of 
gravel grain size on overall mean spot 
length and height. For both length and 
height within a given predation intensity, 
the spots are larger on large grained gravel 
(1) and smaller on small grained gravel 
(s). Table 3 presents the mean sizes for 
two gravel grains and three predation in- 
tensities. In  ponds with no predation (K), 
the spot size is often no different between 
grains,  a n d  often is smaller on large 
grained gravel. Note also that  for some 
characters, especially relative spot height 
(arc s inf ipot  heighdstandard height), the 
color patterns in R ponds also do not nec- 
essarily follow the gravel grain size, but  
in C ponds they almost always follow the 
gravel. 

Table 4 presents an  example of a two- 
way analysis of variance, and Table 5 pre- 
sents the results of the significance tests 
for all characters. The first three columns 
of Table 5 are the results of analyses of 
variance excluding ponds with no preda- 
tion (K), as in Table 4, and the last column , 

gives the interaction 'term when K ponds 
are included. 

The first column of Table 5 gives the 
results for the test for the effects of pre- 
dation intensity. Predators have a signif- 
icant effect on all characters except color 
diversity and blue spot length. Guppies 
are smaller, not as high bodied, and rel- 
atively elongated in high (C) compared to 
low (R) predation intensity. Endler (1978) 
and  Seghers (1973; Liley and  Seghers, 
1975) also found that  natural populations 
of guppies living with dangerous preda- 
tors tended to be smaller. Except for blue, 
spot length significantly decreases with in- 
creasing predation. Spot height, spot area, 
total area, and total spot area relative to 
body area also decreased significantly with 
increased predation intensity (Tables 3 
and 5; Fig. 3). 

Couleur des Guppies mâles

Prédation ➹
27
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Tetrao urogallus
28
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Les leks du Tetra lyre

Les femelles choisissent les mâles

Les mâles défendent des territoires 
de quelques m2

Les territoires centraux sont plus 
convoités

Les mâles des territoires centraux 
sont plus souvent choisis
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Temps de copulation de Drosophila melanogaster
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Le comportement dans les interactions durables

Mutualisme et parasitisme

31



Symbiose de nettoyage et mimétisme parasite

Labroides dimidiatus

Aspidontus taeniatus
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Plesiometa argyra

Parasitisme et altération du comportement
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Parasitisme de ponte par le Coucou, Cuculus canorus
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Pourquoi ne pas rejeter le poussin?

Hypothèses:

Apprentissage de la 
reconnaissance des poussins à 
la première couvée

Le poussin parasite éjecte les 
autres

Si la première couvée est 
parasitée, la reconnaissance est 
faussée pour le reste de la vie

35
Danchin 494



Parasitisme des 
fourmilières

36
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La vie en groupe et les interactions sociales

Vertébrés vs. invertébrés

37



Surveillance chez le Pigeon

38
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attack from several directions (Fig. I b). If the prey 
defend themselves well, the pack often departs 
after testing the prey for IO s to 5 min. The 
apparent goal of testing and attack is to force 
some or all of the herd to run, thus increasing 
their vulnerability. Simultaneous attacks appear 
to be effective because one wild dog can incite a 
charge, then packmates rush behind the charging 
prey to separate it from the herd. Once one or a 
few prey begin running, the entire herd often 
bolts, and a full-speed chase (at 40-60 km/h) 
ensues (Fig. Ic). 

Especially in woodland, prey do not run in a 
straight line. For example, they follow lines of 
low resistance through trees, uneven ground, and 
waterholes. Prey with territories that are small 
relative to the length of a chase (e.g. duiker) often 
attempt to circle. Individual wild dogs pursuing a 
prey animal do not all follow the same line (Fig. 
Id). Together, these patterns often result in one or 
more wild dogs intercepting a prey animal after a 
shortcut, whether intentional or not (Estes & 
Goddard 1967; cf. Fanshawe & Fitzgibbon 1993). 

Once a prey animal has been caught, pack 
members cooperate in pulling it to a halt, or in 
occupying the animal’s attention by feinting from 
the front, while others attack from behind and 
begin disembowelling. Several dogs may attack 
and distract a female while packmates attack its 
dependent offspring (Fig. le). Cooperation is 
important in restraining the head of large 
prey (e.g. wildebeest) and dangerous prey (e.g. 
warthog: Fig. If). Because killing can take several 
minutes and prey remain dangerous, restraint of 
the head is important to protect the dogs involved 
in disembowelling from being hooked by horns or 
tusks. Deep cuts, broken teeth and injured limbs 
from tusks and horns are not unusual. 

Although simultaneous chases and kills are not 
cooperative per se, larger packs often chased 
several prey animals from a single herd. Simul- 
taneous chases resulted in simultaneous kills of up 
to six wildebeest and seven impala (see below). 
Multiple kills almost invariably included juveniles: 
either mother and young or several juveniles from 
one herd. 

Finally, wild dogs cooperate in defence of their 
kills from other carnivores. In Selous, competition 
at kills was not intense, and came primarily from 
spotted hyaenas. Spotted hyaenas were present at 
76 wild dog kills (18% of all kills), but appropri- 
ated only 14 kills (2%). These percentages form a 
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Figure 2. Hunting success (measured as kills/hunt) sig 
nificantly increased as the number of adult wild dam 
increased. Dotted lines are 95O! confidence limits. 

sharp contrast to those seen in Serengeti Nationat 
Park, where hyaena group sizes are larger (Hofer 
& East 1993). There, hyaenas were present at 86Q 
of wild dog kills (excluding gazelle fawns), and the 
duration that wild dogs retained their killp 
depended on the number of each species present 
(Fanshawe & Fitzgibbon 1993). In Selous, compe- 
tition at wild dogs’ kills also came occasionally 
from lions (four interactions, four kills lost; <I%), 
and other packs of wild dogs (two interactions, 
both kills lost to larger pack; < 1%). 

Wild dogs rarely scavenged. Three times, wild 
dog packs attacked adult leopards (two females 
and one male) until they fled into a tree, appro- 
priating one impala carcass and one wildebeest 
carcass. One adult wildebeest was taken from a 
lion, and four kills were taken from spotted 
hyaenas (two impala, two of unknown species). 
Two additional kills were scavenged from un- 
identified carnivores, and three were scavenged 
from poachers’ snares. 

Quantitative effects of pack size on hunting 

Hunting success significantly increased as adult 
pack size increased (Fig. 2), ranging from 42% in 
packs of three adults to 67% in packs of 20 adults 
(II= I.64 f 0.61, ?=0.16, 1=2.70, P=O407). The 
mean mass of prey killed also significantly 

Chasse collective chez 
le Lycaon

39
Aron 218



Creel & Creel: Hunting group size in African wild dogs 1335 
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Figure 7. The relationship of foraging success to pack size, shown by non-linear regressions. Points are daily means. 

Four measures of foraging success are shown as the dependent variable: (a) kg killed/dog/day; (b) kg killed/dog/hunt; 

(c) kg killed/dog/km travelled, including search; (d) kg killed/dog/km chased in full-speed pursuits. 

variance in foraging success is affected by group DISCUSSION 

size (Pulliam & Caraco 1984). For Selous wild dogs, 
variance in foraging success did not correlate with 
group size (NS for all measures of foraging success; 

Other Wild Dog Populations 

e.g. for kg/dog/km travelled, r,=0.20, P=O.69), nor Wild dogs are generally regarded as efficient 

were non-linear associations apparent. Thus the hunters, and their high hunting success in Selous 
results of simple optimality and stochastic models (44%) parallels that recorded in other populations, 
are likely to coincide reasonably (as in Serengeti which ranges from 39 to 85% (Estes & Goddard 
lions: Packer et al. 1990). 1967; Kruuk & Turner 1967; Schaller 1972; 
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Figure 8. Frequency distribution of pack sizes in which 
Selous wild dogs lived, based on individual-months of 
observation (following Rodman 1981). Dashed line 
shows normal approximation. 

Malcolm & van Lawick 1975; Fanshawe & 
Fitzgibbon 1993; Fuller & Kat 1993). Some of the 

variation in hunting success between studies is 

probably due to small sample sizes (the highest 
and lowest values reported were based on 130 

hunts). Pooling data from four wild dog studies in 

the Serengeti ecosystem, hunting success was also 
44% (N=666 hunts: Schaller 1972; Malcolm & 

van Lawick 1975; Fanshawe & Fitzgibbon 1993; 

Fuller & Kat 1993). The accord with Selous is 
somewhat striking, given substantial differences in 

the prey set available and the physical environ- 
ment. None the less, energetic returns might differ 

substantially between populations, owing to 

variation in prey size or hunting effort. 
The range of prey species hunted and killed is 

broader in Selous than has been reported for most 
other populations (e.g. Malcolm & van Lawick 

1975; Fuller & Kat 1990, 1993). This difference is 

probably partly due to sample size differences. All 
of the prey species killed in Selous have been 

recorded in at least one other study (see especially 

de V. Pienaar 1969, who summarized results for 
4406 carcasses eaten by wild dogs in Kruger 

National Park). Of the species hunted but not 

killed in Selous, three have not previously 
been reported (bushpig, baboon and banded 

mongoose). 

Effects of Group Size Unrelated to Hunting 

Our analyses of optimal group size address only 

the effects of communal hunting. Although our 

results confirm that communal hunting favours 
sociality in wild dogs, factors completely un- 

related to hunting are also likely to affect pack 
size. We do not suggest that other group-level 

activities (e.g. group defence of territories or off- 

spring: Packer et al. 1990) or patterns of related. 
ness (Rodman 1981; Giraldeau & Gilhs 1988; 

Giraldeau & Caraco 1993) are unimportant. 

Preliminary evidence suggests that there are 
other benefits of group living for Selous wild dogs. 

First, clashes between packs (which have included 

fatal fights) were won by the larger pack in 10 of 
10 cases. In two clashes between packs of equal 

size, each retreated once. Second, large groups 

produce large same-sexed cohorts, which may 
confer advantages in dispersal. Groups of tran- 

sient females can take over existing packs by 

evicting resident females, and numbers are likely 
to affect the outcome of take-over attempts, 

Finally, large packs may be better at defending 
their pups from predation. For example, a pack of 

16 attacked an adult male lion that was stalking 

their pups, and drove it away without casualties. 
Systematic data are needed to test whether these 

and other potential benefits (and potential costs 

such as easier transmission of pathogens) are 
important. In addition, our data address only the 

energetics of hunting; selection on the risks of 
injury during hunting might not act in parallel. 

Hunting and Group Size 

Analyses of optimal hunting group size are 

strongly dependent on the currency of foraging 
success that is used (Fig. 7a-d). Hunting success 

(kills/hunt) and daily per capita food intake (kg/ 
individual/day) have been widely used in analyses 

of optimal hunting group size in large carnivores 
(Mills 1985; Packer et al. 1990; Stander 1992a; 

Fanshawe & Fitzgibbon 1993; Stander & Albon 

1993; Caro 1994). It is widely recognized that 

hunting success will rarely be an appropriate 
currency, because it does not account for covari- 

ation between group size and mass of prey (Care 
1994). 

For wild dogs, daily per capita food intake is 

also inappropriate for analysis of optimal group 
size, because it fails to account for covariation 
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Figure 7. The relationship of foraging success to pack size, shown by non-linear regressions. Points are daily means. 
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(c) kg killed/dog/km travelled, including search; (d) kg killed/dog/km chased in full-speed pursuits. 
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Taille des groupes chez l’Épaulard

3 est optimal

5 est évolutivement stable
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Lutjanus fulvus
42



Évitement de la consanguinité chez la Souris

Souris CMH-1 Accouplement Intromission Éjaculation

Famille CMH-1 Mâle CMH-1

Mâle CMH-2

Famille CMH-2 Mâle CMH-1

Mâle CMH-2

13 17 3

11 15 8

31 11 9

6 6 2

43
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Assistance à la reproduction chez le Geai de Floride

Sans 
assistant

Avec 
assistant

Bénéfice

Reproducteurs 
inexpérimentés

Reproducteurs 
expérimentés

1.24 2.20 0.96

1.80 2.38 0.58

Aphelocoma coerulescens

1.8 assistant en moyenne

Taux d’apparentement 
entre adultes et progéniture 
de 0.5

Taux d’apparentement 
entre frères et soeurs de 
0.43
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Assistance à la reproduction chez le Geai de Floride
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Caractéristiques des sociétés de Vertébrés

L'importance des modes de communication (signaux sonores, chimiques, visuels etc.)

Les comportements territoriaux (défense de ressources, de femelles, de territoires de 
reproduction etc.)

Des stratégies reproductrices bien déterminées (polygamie la plus répandue; 
monogamie stricte quand le mâle pourvoit à la survie des jeunes, comme chez les 
oiseaux par exemple)

Hiérarchie sociale
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Les degrés de socialité – Wilson, 1972, Sociobiology

grégarisme rassemblement d'animaux résultant de facteurs émanant de leurs 
congénères 

stade sub-social regroupements pour la reproduction et soins parentaux

stade colonial soin aux jeunes sur un site d'élevage commun

stade communal coopération pour les soins aux jeunes

stade eusocial chevauchement d'au moins 2 générations; coopération pour les soins 
aux jeunes; polyéthisme dans le travail et la reproduction
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Sélection de groupe selon Wynne-Edwards

Extinction proportionnelle au 
nombre d'égoïstes

Re-colonisation par des altruistes

MAIS: un égoïste envahit toujours 
un groupe d’altruistes
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Sélection de groupe selon Wilson

Fonctionne si un A au sein d’un groupe de A produit plus qu’un E au 
sein d’un groupe de E
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Desmodus rotundus
50
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Échange de sang chez les Vampires d’Azara
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V − C

2
−C

V 0

➚ C NC

C

NC
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(V − C)× 4 −C × 4 (V − C)× 4

V × 4 0× 4 V

(V − C)× 4 −C (V − C)× 4

➚ C NC TfT

C

NC

TfT
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➚ C NC TfT

C

NC

TfT

60 -12 60

72 0 18

60 -3 60
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Apis melifera
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Danse des abeilles
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Polymorphisme
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Polyéthisme

Avancent vers l’extérieur de la 
ruche

Plasticité
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Polymorphisme chez les fourmis
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Castes chez les
termites
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Haplodiploïdie et théorie de Hamilton

63
Aron 120



Effet de la polyandrie chez les Hyménoptères
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Les rats-taupes,
une société d’invertébrés chez les Vertébrés
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