
. ., 

• I 

LIFE NATURE LIBRARY 

ANIMAL 
BEHAVIOUR 



LIFE NA TURE LIB R A RY 

by Niko Tinbergen 

and The Editors of TIME-LIFE BOOKS 

TIME-LIFE INTERNATIONAL (Nederland) N.V. 

.. 



1 

• 
2 

3 

4 

5 

6 

7 

8 

Contents 
Introduction 

An Infant Science 

The Sense Organs: Windows to the 
World 

Stimuli-and What They Do 

The Machinery of Behaviour 

Finding One's Way About 

Instinct v. Learning 

Living Together 

The Evolution of Behaviour 

Bibliography 

Credits and Acknowledgments 

Index 

PAGE 

7 

9 

35 

61 

85 

107 

127 

151 

171 

193 

194 

195 



Introduction 
T

HE study of animal behaviour began with early man's first systematic 
attempts to draw conclusions and make predictions from his observations 

of the creatures around him. Yet today it remains as one of the most complex 
and challenging branches of all science . In fact, at present we seem closer to 
understanding the origins of life itself than we are to understanding how and 
why most living things behave as they do. 

The complexity of animal behaviour study does not depend on elaborate math­
ematical treatments, on delicate instruments or giant computers-the parapher­
nalia that people usually associate with science. Although these devices have 
their place, they are after all only a means of wringing facts from nature, and 
an experienced student of animal behaviour armed with binoculars and hidden 
in a blind can gather in a few hours enough facts about his subject to keep him 
pondering for a year. The challenge is mainly to the intellec t, to the judgement 
and patience of the observer rather than to his technical ingenuity. 

This would seem to place animal behaviour study pretty far from particle 
physics, but both fields are, in truth, plagued by the same problem: what would 
the animal (or particle) be doing if the observer were not present as a slight 
disturber of its environment? Attempts to resolve this problem range all the 
way from laboratory experiments, conducted under the most rigidly controlled 
conditions, to field observations in which the student makes elaborate efforts 
to conceal himself so that the animal will be left as undisturbed as possible to 
go about its business amidst the many natural variables of its environment. 
Neither approach is sufficient by itself; both are necessary. 

The emphasis that the behaviourist places on keeping an animal 's surround­
ings undisturbed springs from his conviction that its behaviour is meaningful 
only in the sense that it has en abled the species to survive and evolve to its 
present status under prevailing environmental conditions . A tiger's teeth and 
a fish 's fins have evolutionary significance not only in their shape but also in 
how and where they are used. Modern students of animal behaviour, among 
whom Dr. Tin bergen is a leader, have repeatedly shown that relatedness of dif­
ferent animal species is just as surely expressed by comparing their behaviour 
patterns as by comparing their body forms. 

• Being comparative, behaviour study is not a field for the narrow specialist. 
Dr. Tinbergen's distinguished work includes analysis of the homing of wasps, 
the courtship of butterflies and the nesting behaviour of sea birds. His wide ex­
perience and deep insights are here combined in a fascinating volume which 
constitutes not only a challenge but an encouragement to every reader. Anyone, 
Dr. Tinbergen seems to say, with a sharp eye and ear, a measure of patience 
and a healthy scepticism about jumping to conclusions, can profitably study 
animals and may conceivably make observations of lasting value to science. 

KENNETH D. ROEDER 

Professor of Physiology 
Department of Biology 
Tufts University 



HUDDLED ON A LEAF, a tiny tropical frog has marks resem­
bl ing a bird dropping, a protective coloration that demands com­
plete stillness. Like the katydid and caterpillar seen on thes<' 

Pretending to Be Inedible 
Many animals gain protection by imitating, both 
in physical structure and behaviour, objects regarded 
as inedible by predators. A twig caterpillar (right), 
for example, has evolved the physical dimensions 
and markings of a real twig, but unless it remains 
as still as part of the tree, a predator will not be 
fooled and the insect will be eaten. Similarly, the 
creature must have the inclination to choose a suita­
ble background in which to act like a twig. Thus, 
the background itself will influence the kind of be­
haviour that the animal uses. Nandid fish in the 
Amazon basin, for instance, resemble dead leaves 
and can floa t motionless among them for hours. 
Also, certain drab-coloured butterflies in America's 
tropics fly in such a way as to act like falling leaves, 
while some grasshoppers resemble fresh grass, others 
dried grass, and still others the stubble of burnt grass. 

pages, this frog is active at night, therefore its survival depends 
on its habit of resting without stirring for long hours during 
the daylight , its legs tucked inconspicuously underneath it. 

HOLDING A RIGID POSE, a twig caterpillar branches off a limb 
in the same manner as a real twig. If touched, this creature 
will fall to the ground, remaining motionless like a dead twig. 

r8g 



SPRAWLED ABOVE ITS KILL, a leopard rests on a branch after 
carrying a Thomson's gazelle into a tree where scavenging hy­
enas and jackals cannot reach it. The leopard will feed often 

from this carcass, regardless of its state of decay, until the en­
tire animal is consumed. But if the leopard suspects another 
animal has eaten from the remains, it will not touch it again . 
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Greater snow goose, 17- 19 
Greylag geese: alarm posture 

of, 162; attack posture of, 162; 
defensive posture of, 162; 
mating posture of, 162; 
orientation of, 115; sexual 
behaviour of, I 74; threatening 
posture of, 162. See also Geese 

Griffin , Donald R., 22-23 
Ground-breeding birds, 108-109 
Gulls, 67; alarm call of, 1 28, 129 ; 

bathing movements of, 128; 
breeding of, I 7 5 ; communica­
tions signals of, 1 56; concerted 
defence of, 153 ; crouching 
movements of, 128-129 ; defences 
of, 13, 128, 153, 176; egg­
recovery movements ·of, 109 ; 
egg-concealment of, 13; feeding 
habits of, I I , I 28, I 53 ; first 
month of life of, 128; flying 
movements of, 1 28- 1 29; instinc­
tive behaviour of, 128; kittiwake, 
15 7 ; learning ability of, 135; 
mosaic movement in , 90; nesting 
habits of, 13, 153, 176; orienta­
tion of, 108 ; pecking movements 
of, 128. See also Black-headed 
gulls; Herring-gulls 

Gymnarchus niloticus (fish ), 44 
Gypsy moths : sense of smell in, 

154 ; stimulus response of, 67 

Habituation, 130, 13r 
Harcum, Eugene, I 18, I r9 
Harlow, Harry F. , 28, 131 
Harves ter ant, r90 

Hearing, 41; in bats, 22, 42 , 107; 
in cetaceans, 165; in dolphins, 
42 , 165; and echo location, 23, 
41 , 42, 43, I 65; in fishes, 36, 
42; .in insects, 41-42; in locusts, 
41; in man, 42 ; in mosquitoes, 
41; in moths, 41, 42; and sound 
direction, 109; in vertebrates, 
109; in whales, 42-43, 164-165 

Heat insulation of birds, 174-175 
Heat sensitivity of rattlesnakes, 

38,48 
Herons, 180-181 
Herring-gulls, 69, 78-79; egg­

recognition experiments with, 
78-79; feeding behaviour of, 66, 
69; pecking reaction of, 66, 67, 
69. See also Gulls 

Hess, Eckhard H., 138 
Hinde, Robert A., 27, 93, 94 
Hoarding, 190-r9r 
Homing ability of limpet, 123 
Honey guides, r56 
Honey-bees: dance of, 4, 155; 

sociotomy among, 158. See also 
Bees 

Hormones, 26-27, 87-88; andro­
gen, 94; oestrogen, 27, 88, 94, 
95 ; pituitary, 86, 87; primary, 
94; prolactin, 87 ; secondary, 
93, 95; sex, 70, 86, 87, 1 56; 
social, 154 

Hornets, European, 34 
Hornworm (larvae), 186 
House-fly, 46; proboscis of, 46; 

sense organs of, 46-1-7; sensory 
hairs of, 1-7 

Humidity, sensitivity to , 44 
Humpback whale, r24-r25 
Hunting techniques: of birds, 

180-181; of digger-wasps, 88, 
89; of egrets, 180-181; o.flions, 
I 48-149 

Huxley, Julian, 18, 178 
Hydrophones, 42 

Impalas, sense of smell in, 43 
Infant appeal, 67 
Infant development, and bodily 

contact, 29 
Infra-red radiation, 38, 48, 75 
Inhibited behaviour in antelopes, 

91 
Ink-fish, colour patterns of, 155 
Innate ability and learning, 134, 

138 
Innate behaviour. See Instinctive 

behaviour 
Insects: aquatic, 40-41; cave­

dwelling, 53; compound eyes of, 
38, 53; defences of, 1 1 6; hearing 
in , 41 -42; and honey-guides, 
1 56; and pollination, 3 7; sense 
of balance in , 40-41; sense of 
touch in, 40; sensory cells of, 
39 ; smell and taste as dominant 
senses in, 50; social "castes" 
among, 152; and ultra-violet 
light, 37; warning colours of, 
131 

Instinctive behaviour, 18, 127, 130, 
131 , 132-133, 137, r44-r45 

Intelligence: differences in, 1 35; 
of octopus, 41 

Interbreeding experiments , I 74 
Internal programming in animal 

behaviou~ 129-130, 132,133, 
134, 136 

Invertebrate, eye of, 53 

Jacobson's organ (in reptiles), 
43 

Japanese egret, Bo 
Jewel-fish: division of labour 

among, 152 ; schooling of, 152; 
zigzag swimming movements 
of, r52 

Jumping spiders, 155 

Katydid (locust), 188 
Kepler, Johannes, 51 
Kittiwake gull, 157 
Kob. See Uganda kob 
Kreidl, Alois, 40 

Labellum of blowfly, 37 
Labour, division of among 

animals, 1 52 
Lagerli:if, Selma, I 54- I 55 
Landing of birds, 1 3 I 
Landmark memorization, experi­

ments with, 39, 40 
Larvae: Abbott's sphinx, 186; of 

barnacles, r54; of crabs, 175; 
eye-spots ofhornworm, 186; of 
marine animals, 1 75 ; of noctuid 
moths, r86- r87; of shellfish, 
175; of starfish, 175 

Lateral buds of African clawed 
frog, 43 

Lateral line organs, 43, 154 
Learning: in birds, 13 I, 134, I 35; 

in canaries, 131 ; in chicks, r39; 
critical periods in, 1 35 ; and 
crouching response, 130; in 
dogs, 1 30; and experience, 131 , 
144; experiments with, 131, 
r 42; by Jmitation, 1 31; and 
"imprintability", 135 ; and 
innate ability, 134, 138 ; in lions, 
I 48-1 49; negative, 130-131 ; in 
pike, 130-1 31 ; positive, 1 30- 1 31 ; 
and programming, 1 34- I 35; 
in song-birds, I 3 1; in squirrels, 
144- 145 

Learning ability: of ants, 2 1; of 
bears (circus), 1 43 ; of chaf­
finches, 131, 134; of frogs, 
I 46-1 47; of gulls, 135; of murre, 
135; of octopus, 40; ofrats, 
1 40- r 42; of turtles, 1 38 

Lehrman, Daniel S. , 26 
Lens of three types of eyes, 51 
Leopards, food hoarding of, 19r 
Lesser snow geese, 122 
Life processes, self-regulation of, 

go 
Light, orientation to, 109, r23 
Limpet (mollusc), "homing" 

orientation of, 1 23 
Lions, hunting techniques of 

young, r 48-149 
Lizards: coloration of, 155; sensi­

tivity to humidity in, 44; 
western collared, I 61 

Lobsters, claw of, 1 77 
Locomotion, 1 75 
Locusts: hearing in, 41; sound 

sigqals of, 154 
Loh Seng T sai, 140 
Lorenz, Konrad Z. , 17-r9 
Louisiana heron, 180 
Love-birds, 179; cross-breeding 

experiment with, I 73 
Lycorea ceres (butterfly), 71-; 

courtship of, 74 
Lysergic acid, effect on spiders, 

105 

Mallard (duck), I 73, r77 
Mammals : feeding behaviour in , 

g I ; hearing of, 42 ; and security 
deprivation, 1 32 ; sense organs 
in , 110 ; sense receptors of, 86 ; 

smell and hearing as dominant 
senses in, 50 

Man, 67; aggressiveness in , 158; 
and animal behaviour, 158, 178; 
crawling experiment with babies, 
I 38 ; displacement acti-
vity in, 91; emotional conflict 
in, 9r; evolution of, 1 78; eye of, 
52; and genetic evolution, 1 78; 
hearing in, 42; internal pro­
gramming in, 136; "misfiring" 
in , 68, 83; mosaic movement 
in , 9r; non-verbal communica­
tion by, 162 ; redirected re­
sponse in , 9r; relation with ani­
mals, g- IO, 1 36; sense of touch 
in, 40 ; sight as dominant sense 
in, 50; and supernormal stimu­
lation, 67 ; threat posture in , 
91, 156; vision in, 38-39, 48, 
50-51 

Mandarin (duck), 177 
Marine animals, larvae of, 1 75 
Mating behaviour. See Sexual 

behaviour 
Mating calls of birds, 155 
Mating signals, I 77 
Mediterranean fruit-flies, stimu-

lus response of, 67 
Metronome, experiments with, 

65 
Migration: of birds, 108, 1 14; of 

eels, 1 IO; of humpback whale, 
r 24-1 25; and orientation, 
120-121; and sensory apparatus, 
I 15 

Mimicry, 186; experiments with, 
146-11-7. See also Eye-spots 

"Misfiring": in broody hens, 82; 
in cardinals, 82; in cuckoos, 66, 
82; in man, 68, 83; in response 
to sign stimuli, 66, 68, 82-83; 
in song-birds, 66, 82 

Mittelstaedt, Horst, 112 
Moby Dick, M elville, 42 
Monkeys . See Rhesus monkeys 
Montpellier, France, 76 
" Moral" standards in animal 

behaviour, 1 78 
Morgan, C. Lloyd, I I 

Mosaic movement: in gulls, 90; 
in man, 91 

Mosquitoes, hearing in, 41 
Moths, 117; camouflage of, 184, 

185; defences of, I L6- 117, 185; 
dispersion among, 1 75; gypsy 
moth, 67, 154; hearing in , 41, 
42; larvae of, 186-r87; noctur­
nal, 41, 184-185; peppered, 
175; sense organs of, 47, 116; 
sex attractants emitted by 
female , 75; silkworm, 154; 
sphinx, 184, 185; ultrasonic 
"ears" of, 116; wing eye-spots 
of, 66, 156, 176, 185; yucca 
moth, 11-12 

Motor patterns, development of, 
128-129 

Mountain lions, hoarding by, 
190 

Movement, 10 ; experiments with, 
63-64, I 13 

Movement towards prey : of 
chameleon, 108; of pike, 108; of 
praying mantis, rn8 , II 4 

Murre (bird), learning ability of, 
135 

Muscle contractions, 14 
Mussel, sense organs of, 47 
Mutations, 1 73 
Mynah bird, song imitation by, 

131 

197 



navigating ability of, rn8; 
preening of, 157 

Stickleback (fish ): castration 
effect on, 86; coloration of, 
70-73, 173; courtship dance of, 
1 78; defences of, 70, 7 I, Bo, 1 30-
131 , I 73; fighting behaviour 
of, 132-133 ; nesting habits of, 
12-13, 71-73; prenuptial colours 
of, 70, 7 I; reproductive cycle of, 
70, 72-73; and sign stimuli , 70, 
7 I; spawning habits of, 73, 154, 
I 55, 156; spines of 1 73; wed­
ding raiment of, 70, 72 

Stimulation: sensory, 35; "super­
normal", 67 

Stimuli, 62; artificial, 1 1; chemical, 
65, 74-75, 89, go; configuration­
al, 111; cumulative effect 
of, 64; delayed response to, 
I 56 ; external, 88, 94-95, 108; 
graded scale of responses to, 64, 
85, 111; and habituation, 130; 
internal, 86, 94-95, 1 1 I- 1 1 2; 
"relational", 68; revised 
response to, 131 ; selection of, 65, 
89, 92; sign stimuli , 66; 
unnatura l, 102-105. See also 
Visual stimuli 

Strandings of whales, 43 
Stridulation organs, 77 
Sun navigation of birds, 114, 

123 
Supernormal stimulation, 67, 

78-79, 186-187; and man, 67 
Swarming bees, 1 75 
Swimming movements of fishes, 

89-90 

T adpoles: behaviour development 
in, 127; instinctive behaviour 

.. 

in, 1 2 7 ; in tern al programming 
in, 133 

Tarantula, I 55 , . 
Target value, 1 11-112; changes 

in , 112-113; learned, 114 
Taste, sense of, 43; in blowfly, 37; 

in house-fly, 46-47 
Termites, sociotomy among, 1 58 
Tern, 32 
Territorial animals, 157, 175 
Thomson's gazelle, 191 
Thornback ray, balance sense, I I I 

Threat posture, 1 77 ; in birds, 90; 
in black-headed gulls, 182, 183; 
in graylag goose, 162; in man, 
91 , 156 

Thrushes: visual discrimination 
in, 68; gaping instincts of, 109; 
gravity organs of, 1 og 

Tides, sensitiv ity to, 44 
Tin bergen, Niko, 4, 32-33, 39, 62, 68 
Toads: courtship behaviour of, 

157, 159; hearing of, 42; 
southern toad, I 46-147 

Touch , sense of: and communica­
tion, 154; in digger-wasp, 89; 
in fishes, 50; and gravity, 40; in 
insects, 40; in man, 40; in web­
spider, 40 

Training, experiments with, 36 
Tropical frogs, 189 
Tube-worms, sense organs of, 47 
Turkeys : alarm behaviour in, 130 
Turtles, learning ability of, 138 
Twig caterpillar, 189 

Uganda kob (antelope), court-
ship behaviour of, 96, 97 

Ultrasonic sound, 42 
Ultra-violet light, 37, 48 
U.S. Dept. of Agriculture, 67 

University of Wisconsin, 131 -132 

Vacuum behaviour, 86 
Ventilation of eggs, 12-13, 73 
Vertebrates: ears of, 109; eye of, 

52 ; glandular behaviour of, 87; 
hearing of, 42; sense of balance 
in , 40; sex hormones of, 86; 
vision in , 38 

Vishniac, Roman, 5 1 

Vision, 37, 38-39; in baboons, 43; 
in bees, 20, 36, 3 7, 38, 48; and 
diffused light sense, 38; in 
glow-worms, 50-5 1; and moving 
objects, 39, 113; in octopus, 40, 
41; and orientation mechanism, 
11 3; in praying mantis , n4; role 
of eye in, 52; theories about, 
50-5 1 ; in water-beetle, 64-65. 
See also Eye 

Visual acuity, 38-39 
Visual field, 38 
Visual processing, 52-59 
Visual st imuli experiments: with 

colour, 62 -64, 78-79; with dis­
tance, 63; with movement, 63-64, 
113; with shapes , 62-63, 78-79; 
with sizes, 62-64, 68, 78-79 

Vocal "language" of whales, 42, 
165 

Von Frisch, Karl, 20; and colour 
experiments with bees, 61-62; 
and fish-training experiments, 
36; and pollination, 37 

Von Hess, Carl, 61 
Von Holst, Erich, 112 

W alden Two, Skinner, 25 
Wasps : communities of, 1 58; 

parasitic, I 75. See also Digger­
wasp 

I 

I 

Water-beetle (Dytiscus marginalis ), 
64-65 

Water-bug (Notonecta ), sensory 
hairs of, 41 

Water-fleas (Daphnia), schooling 
of, 153 

Water-scorpion (Nepa ), position 
in water of, 42 

Waterfowl, orientation of, 123 
Weasels, hoarding by, 190 
Web making, 9 
Web-spider, sense of touch in, 40 
Webster, F. A., 11 7 
Western collared lizard, 161 
Whales: arctic beluga, 42 , 164-

165; communication of, 165; 
hearing of, 42-43, 125, 165; 
humpback, 124-125; migration 
of, 124- 1 25; orientation of, 1 25; 
sperm whales, 42; strandings 
of, 43; vocal "language" of, 42, 
165; white whales, 164-165 

Whelk (marine snail ), scent detec-
tion in, I 10 

Whirligig beetles, 41 
White egret, 84 
White rats, 140-142 
White whales, 164-165 
Widow-birds, mouth spots of, 

166 
Wildebeest, I 48-1 49 
Wing-cleaning movements of 

flies, 85-86 
Witt, Peter, 104 
Woodpeckers , communication 

signals of, 155, 1 56 
Worms, "diffuse light sense" of, 

38 

Yellow mutant fly, 173 
Yucca moth, egg laying of, 11 -12 
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