


THE DISTRIBUTION
AND ABUNDANCE

of
ANIMALS

By

H. G. ANDREWARTHA
Waite Agricultural Research Institute, University of Adelaide

and

L. C. BIRCH
Department of Zoology, University of Sydney

BB

)

THE UNIVERSITY OF CHICAGO PRESS » CHICAGO - ILLINOIS



THE UNIVERSITY OF CHICAGO COMMITTEE
ON PUBLICATIONS IN BIOLOGY AND MEDICINE

EMMET B. BAY - LOWELL T. COGGESHALL
LESTER R. DRAGSTEDT - FRANKLIN C. McLEAN
THOMAS PARK : WILLIAM H. TALTAFERRO

Tre University oF Caicaco Press, CHicAGo 37

Cambridge University Press, London, N.W. 1, England
The Toronto University Press, Toronto 5, Canada

Copyright 1954 by The University of Chicago. All rights
reserved. Publishked 1954. Composed and printed by THE
KINGSPORT PrEss, INc., Kingsport, Tennessee U.S.A.

No illustration or any part of the text may be reproduced
without permission of The University of Chicago Press



Acknowledgments

EN this book was first being planned, we discussed our ideas with a
‘number of our colleagues, to whom we are grateful for the privilege of
sharpening our wits on theirs; especially we have to thank Dr. T. O. Browning,
of the Waite Agricultural Research Tustitute, University of Adelaide, and
Mr. J. Le Gay Brereton, C.S.1.R.O., Section of Wildlife Management, Can-
berra, for help received at this stage. Parts of the manuscript were read and
criticized by a number of our colleagues. We mention especially Professor J. A.
Moore, of Columbia University, New York, who read chapters 2, 6, 7, 10, and
16; Professor Th. Dobzhansky, of Columbia University, New York, who read
chapters 15 and 16; Dr. J. M. Rendel, of the C.S.I.R.0., Genetics Section,
Sydney, who read chapter 15. To research students and colleagues in our own
laboratories we are grateful for valuable discussions and suggestions, partic-
ularly to Mr. L. Barton-Browne, Mr. M. A. Bateman, Miss M. A. Besly, and
Mr. P. E. Madge. We are especially grateful for the generous encouragement
and helpful advice given us from time to time by Professor Thomas Park, of the
Zoology Department, University of Chicago. It is a pleasure to acknowledge
“this assistance from our colleagues, but none of them is to be held responsible
for anything in the book, especially as we have not always followed their
advice on particular issues.

The whole of the text was read and corrected by Miss H. M. Brookes. All the
original line drawings wer¢ made by Mrs. P. E. Madge. Miss C. M. Hill
helped to prepare the indexes and to correct proofs. Mrs. H. G. Andrewartha
helped in these matters also, and with criticism at all stages in the prepara-
tion of the manuscript.

We are grateful to the editor of Biological Reviews for permission to reuse
substantial parts of an article on diapause by H. G. Andrewartha, which was
published in Biological Reviews, Vol. 27 (1952). To Methuen and Company of
London we are indebted for permission to use the quotation from King Solo-
mon's Ring by K. Z. Lorenz at the head of chapter 12. We are indebted to the
editor of the Journal of Animal Ecology for permission to reuse Figures 13.03,
13.04, 13.05, and 13.06. Dr. K. H. L. Key, of the C.S.1.R.0., Division of
Entomology, Canberra, kindly lent us the original map for Figure 12.07. We
also acknowledge a number of quotations from 4nimal Ecology (London: Sidg-
wick & Jackson, 1927), by Charles Elton, and from Butferflies (L.ondon: Collins,
1945), by E. B. Ford. We have quoted the words of a number of other writers,
and many of our illustrations have been adapted from those published by
other authors. Full acknowledgment of all this material has been made at the
appropriate places in the text.



Contents

PART I. INTRODUCTION

1. Tz Score or EcorLocy . .
1.0. The Two Sorts of Ecology . .
1.1. Reasons Why Distribution and Abundance Should Be Regarded as Different
Aspects of the Same Problem .
1.2. The Way We Study Ecology . . ;
1.3. The Pattern of This Book and a Gulde to Its Use :

2. COMPONENTS OF ENVIRONMENT .
2.0. Introduction .
2.1. Analysis of Envu'onment Hlstonca.l O
2.11. The Distinction between ‘‘Physical” and “Blotlc” F actors
2.12. The Distinction between "Densxty—dependent’ > and “Denmty-mde-
pendent”” Factors . X < 4 .
2.121. Competition .
2.2. The Four Components of Environment .

PART II. PHYSIOLOGICAL ASPECTS OF ECOLOGY

3. THE INNATE CAPACITY POR INCREASE IN NUMBERS .
3.0. Introduction . . .
3.1. The Innate Capacity for Increase .
3.11. The Relationship between Birth- Rate, Death Rate, and the Inna,te
Capacity for Increase . S s s
3.12. The Construction of Age-Schedules of Bmhs and Dea.ths
3.13. Calculation of the Innate Capacity for Increase . .
3.131. Approximate Calculation of 7, .
3.132. Precise Calculation of r,,
3.2. The Stable Age-Distribution :
3.3. The Instantaneous Birth-Rate and Death- Rate . .
3.4. The Influence of Environment on the Innate Capacity for Increase :
Appendix: Glossary of Terms

4. Di1APAUSE . :
4.0. Introduction . .
4.1, Variations in lntensnty of Dlapause und Volumsm ;o .
4.2. The Occurrence of Diapause in Various Stages of the foe~Cycle
4.3. The Influence of Environment on the Duration of Diapause .
4.31. Temperature . .
4.32. The Influence of Hurmdlty on the Duratxon of Dmpause
4.33. 'The Influence of Light on the Duration of Diapause . :
4.34. The Termination of Diapause after Wounding and Other Treatments.
4.4. Stimuli Which Determine the Inception of Diapause i e e

v



(¥,

4.3.
4.6.

5.0.

6.0.
6.1.
6.2.

6.3.

6.4.

5.1.

Conlents

4 41. The Influence of Temperature on the Inception of Diapause

4.42. The Influence of Food on the Inception of Diapause :

4.43. The Influence of “Maternal Physiology” ou the lnception of Dlapause
Theory of Diapause . . LI P R o T S AR
The Adaptive Value of I)xapause "

. DISPERSAL .

Introduction .
5.01. The Innate Tendency to“ ard Dlspemal
The Measurement of Dispersal in Natural Populauom
5.11. The Use of Marked Individuals. . .
5.12. Dispersal to and from Winter Quarters and ()thcr wpeuall) Rcstngted
Areas .
5.13. Dispersal by Wmd 3 ;
5.131. Dispersal by Winds near the Ground s - .
8.132. The Presence of Small Animals in the Upper Alr

. Laboratory Experiments To Demonstrate Dispersive Activities
. The Special Importance of Dispersal in a Predator .

. Migration :

. Dispersal in Response to medmg

. Dispersal in Relation to Distribution and Abundduu

PART IIi. ANALYSIS OF ENVIRONMENT

. WEATHER: TEMPERATURE

Introduction . .
The Range of T empetature thhm Whlch an Ammal May Thnve
The Influence of Temperature within the Favorable Range
6.21. The Preferred Temperature or “‘Temperature-preferendum”’
6.22. The Influence of Temperature on the Rate of Dispersal
6.23. The Influence of Temperature on the Speed of Development
6.231. Constant Temperature
6.232. Fluctuating 'Temperatures .
6.233. Speed of Development as an Addptatlou .
6.234. The Speed of Development in Nature in R(‘ldtlon to Tempera-
tures Recorded in the Tield .
6.24. Infiuence of Temperature on Fecundity and the Rat( of ng-Productmn
The Lethal Influence of Temperature outside the Favorable Range .
6.31. The Lethal Influence of Low Temperature
6.311 The Theory of “Quantity-Factor’” and "Intf-nsxt) l‘d(‘l(\l‘
6.312. The Lethal Influence of Nonfreezing Temperatures .
6.313. The Lethal Influence of Freezing Temperatures .
6.314. Cold-Hardiness
6.315. Survival-Rate in Namre in Relauon to Fx eeum_ Temperatures .
6.32. The Lethal Influence of High Temperature
6.321. The Limits of the Tolerable Range.
6.322. Acclimatization .
0.323. Delay in the Mamfestatmn of the L{ thal I rnﬂuence of Hygh Tem—
perature
6.324. The “Heat- Reﬂlsrance" of Ammal: lh4t Live i in Warm Places
Summary .

7. WEATHER: MOISTURE

7.0.

Introduction .

101
104
104
107
110
115
116
123
124

129
129
129
131
131
136

145
155
163

165
171
176
176
176
178
187
191
196
198
199
199

202
203
205

207
207



7.1.

7.2.

7.3.

74.
1.5.
7.6.
1.7

Contents

The Influence of Moisture on the Behavior of Terrestrial Animals .
7.11. Moisture’ Preferences of Animals at Constant Temperatures .
7.12. The Behavior of Animals in a Moisture-Gradient when Tempera.ture
or Some Other Component Is Varied as Well
7.13. The Condition of the Animal in Relation to Its Behav:ot ina Monsture-
Gradient .
7.14. Special Sensory Organs in lnsects for Percervmg Dlﬂerenccs in At—
mospheric Humidity . ¢ & @ S
7.15. Orthokinesis, Klinokinesis, and K.Imotaxls .
7.16. The Survival-Value of Response to Differences in Hutmdlty
The Meehanism of Water-Balance in Terrestrial Animals
7.21. The Tntake of Water from the Surreundings . .
7.211. Intake of Water thiough the Abmentary Caual
7.212. Intake of Liquid Water through the Integument
7.213. Intake of Water-Vapor through the Integument
7.22. The Conservation of ‘“Metabolic Water'' . L
7.23. The Loss of Water to the Surroundings
7.231. Excretion and Egestion .
7.232. Respiration

7.233. Transpiration thr;)ugh the Intcgument in ‘\rthmpoda Gas-'

tropoda, Amphibia, and Reptilia
7.234. The Relationship between Water-Lontent of the Axr and the

Rate at Which Water I's Evaporated frora the Body of an Insect

The lLethal Influence of Dry Air . . T

7.31. The Severity of Desiccation Requnred To lel Certam Ammals

7.32. The Relationship betwcen Saturation-Deficit and Longevity

7.33. The Relationship between Saturation-Deficit and Survival-Rate

7.34. Drought-Hardiness and Acclimatization

The lLethal Influence of Excessive Moisturc .

The Influence of Moisture on Fecundity-.

The Influence of Moisture on bpeed of Developmem

Summary ;

. WFATHER: LIGHT .

8.0.
8.1.

8.2.

8.3.

84

8.5.
8.6.
8.7.

Introduction . . .

The Influence of L:ght in Synchromzmg the L1fe Cycle to thc Seamns .

8.11. Breeding Seasons in Vertebrates

8.12. The Influence of L:ght on the lncephon and C ompletmn of Dlapause in
[nsects . .

The Influence .of Lnght on Synchromzmg foe-Cyrla mthm a Breedmg

Season. . . -G R

The Behavior of lnvertebrdtes ina Gradmnt of nght

8.31. Experimental Demonstrations of Phototaxes .

8.32. Reversal of Phototaxes

8.33. Illuminance-preferendum .

8.34. The Infiuence of Colored and PoLmzed nght on [nsects

The Benavior of Invertebrates in Alternating Light and Darkness

8.41. Daily Rhythms of Activity . : T

8.42. Daily Rhythmns in Ecdyses in Certam Insects

The Influence of Light on Mating and Ovipesition in Insects

The Influence of Lxght on Growth N ST

Summary .

. OTHER ANIMALS OF THE SAME KInD

9.0.

Introduction .

209

.20

212
214

218
220
21
224
225
225
226

232
235
236
239

240

251
257

258 .

262

271
273
277
281
286

289
289

290
294

300
308

313
318
319
321
321
326
328
331
332

333
333



Contents

9.1. Underpopulation . . :
9.11. Reduction of 7 in Sparse Expenmenta.l Populatxons .
9.12. Reduction of  in Sparse Natural Populations .
9.13. Reduced Birth-Rate in Spa.rse Populations Owing to Sma.ll Chance of
Mating

9.14. Increased 15eath-Rate in Sparse Populatxons meg to Predatlon by

Nonspecific Predators .
9.15. Reduced Death-Rate in Large Orgamzed Herds or Flocks
9.16. Amelioration of the Environment by the Action of Dense Populatlons
9.2. The Influence of Crowding on the Value of » B g
9.21. Theoretical Derivation of the Logistic Curve .
9.22. Empirical Tests of the Logistic Theory .
9.221. Animals with Simple Life-Histories .
9.222. Animals with Complex Life-Histories . .
9.223. Conclusions Indicated by Empmcal Studies . .
9.23. Criticism of the Assumptions Implicit in the Logistic 'lheory .
9.231. The Age-Distribution of Experimental Populations .
9.232. The Choice of Units for Representing the Population
9.233. The “Reality” of 7m
9.234. The Linear Relationship between Denqlty a.nd Rate of Increase
9.235. The Instantaneous Response in the Rate of Increase to Changes

in Density

9.236. Conclusions Relatmg to the “Reallty” of the Logxstxc Theory
9.24. Applications of the Logistic Theory . . :
9.241. The Influence of Crowding on the Rate of Increase, :
9.242. The Relationship between 7, and the Upper Limit to Densny .
9.243. Conclusion . .
9.25. The Reduction of  in Crowded Natura.l Populatxons

10. OtHER ORGANISMS OF DIFFERENT KINDS .
10.0. Introduction .
10.01. The Categones of Other Orgamsmb ;

10.02.

Some Criticisms of the Competition- Concept

10.1. Mathematical Models .
10.11. Nonpredators

10.12.

Predators

10.2. Experimental Populauens

10.21.

10.22.

Nonpredators . .

10.211. Experimental Demonstrallon of the Two MaJor Categones
of Nonpredators . .

10.212. Empirical “Tests” of Mathematxcal Models for Nonpredators

10.213. Experimental Demonstrations of the Relations between Non-
predators when They Are Artificially Crowded S

Predators . .

10.221. Expenmenta.l Demonstratlons of the Qua.htxm of Predators
‘in Seeking Their Prey . :

10.222. Empirical “Tests” of Lotka-Volterra Models .

10.223. Empirical “Tests” of Nlcholson-Baxley Models

10.3. Natural Populations
10.31. Nonpredators

10.32.

10.311. The Special Ca.se of Specxw Supposed To Have Very Snmnlar
Requirements .

Predators . .

10.321. Predators of Invertebrates :

334

343

345
347
348
351
351
355

362
362
365
365
368

376
382
386
386
388
396
397

399
399
399

407
412
419
419

419
420

421
433

434
438
441
447
447

456
465



VIII Contents

11

12

13.

10.322. Predators of Vertebrates . . . . . . . . . . 477
10.323. Pathogens . . : o ow R atht s = o 482
10.33. Other Categories of Other Orgamsms c w e s wm W e e s 485
Foop . s @llm W gete SC FeE L @ e & Eel ® -ty B . . . 480
11.0. Introductlon : 489
11.1. The Distribution and Abundance of Food in Relatlon to the Behavlor of
the Animal . . Y omar e w 490
11.11. Territorial Behavmr in Lertam Vertebrates  hal s = 3 .8 u 490
11.12. The Paradox of Scarcity Amid Plenty . . 491
11.2. The Distribution and Abundance of Food in Relation to Other Components
of Environment. . g i s .. 494
11.21. The Interactmn between Weather and Food : 494
11.22. The Interaction between ‘“Other Animals of the Same Kmd” and
Food : ; 497
11.23. The Interactron between “Othet Orgamsms of Dlﬁerent Kmds”
and Food . . . . . .. . . . . . 503
11.3. The Quality of Food . . . . . . . . . . . . . . . . 504
11.31. Longevity . . . . . . . . . . . . . . . . . 505
11.32. Fecundity . . % s 5 & B 5 W m M . = o 506
11.33. Speed of Development S T T R SRR .
11.34. Selection of Suitable Food . . . . . . . . . . . . 509
A Prace i~ Warce ToLve . . . . . . . . . . . . . . . 513
12.0. Introduction . 513
12.1. Some Examples of the Places where Animals May Lwe and the Subtle Be-
havior of Animals in Choosing a Place To Live . 514
12.11. Specialized Behavior Associated with the Choxce of a Place To Lay
Eggs . . g 522
12.12. Some Clues from Studles of “‘iuccasxon . 524
12.2. Some Examples of the Interdependence of ‘“Place To vae w1th Othcr
Components of Environment . . . . G s @ R omc s s o« e O25
12.21. Temperature . . . . . . . . . . . . . . . . 525
12.22. Moisture . . . . . . . . . . . . . . . . . 53
12.23. Other Animals . . RPN < |
12.3. The Distribution and Abundance of Places where an Ammal May Lwe .. 540
12.31. The Concept of “Carrying Capacntv" in the Ecology of Animals
Which Recognize Territories . . 540
"12.32. The Concept of “Outbreak Centers” in the Ecology of Locusts and
Other Species Which Do Not Recognize Territory . . . . 545

PART IV. THE NUMBERS OF ANIMALS IN NATURAL POPULATIONS

EMPIRICAL EXAMPLES OF THE NUMBERS OF ANIMALS IN NATURAL PoPULATIONS . 557

13.0. Introduction . . T T T
13.01. Methods of Samplmg , 558
13.02. Tests for Randomness in the Dlsmbutlons of Amma.ls in Natural

Populations . . 559

13.1. Of Four Natural Populatlons in Which the Numbers Are Determlned
Largely by Weather . . 568
13.11. Fluctuations in the Numbers of Thnps mwgtms in a Garden in

South Australia . . 5 ettt o 0 . . . 568
13.111. Biology of Thrips i zmagtms g 569

13.112. Climate and Vegetanon in the Area where the Populatlon
Was Living . . . 570



14.

Contents

13.113. Method of Sampling .

13.114. The Data . .

13.115. Analysis of the Data :

13.116. Conclusions To Be Drawn from the Analysls of rhe Dala

13.12. The Distribution and Abundance of Ausiroicetes cruciatz in South
Australia . . 5 PR
13.121. The Life- (,ycle of Ausmnceles cna,wla
13.122. Climate and Vegetation in the Arca where Austnncetes

cruciata Lives . . :
13.123. The Numbers of .4ustrou:eles crucwlu o
15.124. The Causes of Deaths among Natural Popula.txons of
Austroicetes cruciala . - e owm o ® @
13.125. General Conclusions . .

13.13. The Distribution and Abundance of Porosagrohs arthogoma in North
America . . .
13.131. The Blology of Poro:agrous ortlwgama .

13.132. The Causes of Deaths among Natural Pupulatlons of
Porosagrotis orthogonia . .

13.133. The Influence of Weather on the DlStl‘lbuthH and Abun-
dance of Porosagrotis orthogonia. RTIERE

13.134. General Conclusions . .

13.14. Fluctuations in the Numbers of Chonskmeura fumtfenma in Canadxan
Forests . .

13.2. Of Four Natural Populatlons in Whlch the Numbers Are Deterrmned

Largely by “Other Organisms of Different Kinds” .

13.21. The Numbers of Enchytraeus albidus in a Sew age—Fllter-Bed near
Huddersfield

13.22. The Numbers of Mdnommus Inmcolh: and S, pamotoma minima in
a Sewage-Filter-Bed near Leeds . .

13.23. The Numbers of Rhagoldn pomonella in Flelds of Blueberms in
Maine . .

13.24. The Causes of Deaths in a Natuml Populatxon of Plutella macwh-
pennis near Pretoria

13.3. Some Fxamples Which Illustrate the Importance of Stud) mg 'he Placa
where the Animals May Live :

13.31. The Distribution and Abundance of the Nematodes Tnchastrongylus
vilrinus and T. colubriformis in the Gut of the bheep

13.32. The Distribution and Abundance of Ixodes ricinus in Pastures in
Northerr: England . .

13.33. Some Points from the Ecology of Four Speus of Tse tse Fha,

Glossina spp.

13.34. Fluctuations in the N umbers of Bobwhlte Quall C olmus wrgmzcmm'

on 4,500 Acres of Farmland in Wisconsin
13.4. The Phenomenon of “Periodicity” in the Numbers of Certam V ertebra.u:s

A GENErAL THEORY OF THE NUMBERS OF ANIMALS IN NATURAL POPULATIONS .
14.0. Introduction . .
14.1. Commonness and Rareness R
14.11. The Conditions of Commonness in Local Populatxons
14.12. The Conditions of Rareness in Local Populations . g
14.13. The Way in Which Weather May Determine Commonness o1 Rare-
ness in Local Populations . .
14.2. The Principles Governing th: Numbkers of Ammals in Natural P( pulati ms .

584
585
591

594
594

595

596
598

605
607
612
614
619
619
621
629

636

648

651
653

655
657



X Condtents

14.3. Some Practical Considerations about the Numbers of Ammn]s in Natural
Populations . .
14.4. Some Reflections on the Greatly Mlsundenstood SubJect of “Extmctxon

PART V. GENETIC ASPECTS OF ECOLOGY

15. GENETIC PLASTICITY OF SPECIES
15.0. Introduction :
15.1. Genetic Plasticity in Relatlon to the Components of Envxronment
15.11. Weather .
15.111. Seasona.l Trends in the Genetlcal Composmon of “Mendehan
Populations” . ; o i
15.112. Geographic Races.
15.12. Food .
15.13. A Place in Whlch To lee v @ -
15.14. The Numbers of Other Animals of the Same Specx&s .
15.15. 'The Numbers of Other Individuals of Different Specles .
15.151. Nonpredators .
15.152. Predators . . .
: 15.16. Other Components of Envnronment——lnsectxuds
15.2. Genetic Plasticity and Ecological Adaptability.

16. EcoLoGY AND THE ORIGIN OF SPECIES .

16.0. Introduction

16.1. Geographic Barriers
16.11. Dispersal
16.12. Environment .

16.2. The Possibility that Nongenetlc Variation in Behavwr May Generate
Races and Species . . .

16.3. The Selection of Mechamsms Favonng Reproducuve Isolatlon .

16.4. The Distinction between the Initial Means of Isolation of Incipient Specxes
and the Maintenance of Isolation between Full Species i b

BIBLIOGRAPHY AND INDEXES
BIBLIOGRAPHY AND AUTHOR INDEX .

SusjECT INDEX.

669

671
671

723
764



PART I

Introduction






CHAPTER 1

The Scope of Ecology

In solving ecological problems we are concerned with what animals do in their
capacity as whole, living animals, not as dead animals or as a series of parts of
animals. We have next to study the circumstances under which they do these
things, and, most important of all, the limiting factors which prevent them from
doing certain other things. By solving these questions it is possible to discover the
reasons for the distribution and numbers of animals in nature.

ELTON (1927, p. 34)

1.0 THE TWO SORTS OF ECOLOGY

N 1Ts full context the quotation which heads this chapter emphasized the
difference between the older disciplines of anatomy, histology, taxonomy,
physiology, etc., and the newer one of ecology, in which, as Elton said, we have
to study the living animal in the circumstances in which it is found in nature.
Our purpose, in doing this, is to explain why a certain kind of animal is found
in certain-areas but not in. others; why they are numerous in one place but
scarce in another; why they are more numerous this year than they were last;
and so on. This problem has been tackled in two very different ways.

It was appreciated from the very first that the same, or a similar, group of
species is likely to be found in the same sort of ‘“‘habitat’ (see sec. 2.2 for the
meaning of ‘“habitat’). So it became popular to study these communities of
animals; and to many it has seemed as if this were the very essence of ecology.
In order to help with the study of communities, Elton (1927, p. 63) used the
term “‘niche.” ‘

The best way to indicate briefly the scope of community ecology is to explain
the meaning of “niche.” In the paragraph in which he used this term Elton
said that all communities of plants and animals have a similar ground-plan;
they all have their herbivores, carnivores, and scavengers. In a wood there
may be certain caterpillars which eat the leaves of trees, foxes which hunt
rabbits and mice, beetles which catch springtails, and so on. “It is convenient
to have some term to describe the status of an animal in its community, to
indicate what it is doing and not merely what it looks like, and the term
used is ‘niche.” . . . The ‘niche’ of an animal means its place in the biotic
environment, ifs relations to food and enemies.” Thus the caterpillar and the
mouse broadly occupy similar niches because they eat plants; the fox and

3



- The Distribution and Abundance of Animals

the ladybird also fit broadly into similar niches:because they both eat other
animals in the community.

There are many papers in technical journals which report studies of com-
munities of animals without stressing, or even mentioning, the niches which
the different sorts occupy. At their worst, these may be mere descriptive lists;
but the better ones usually report more or less quantitatively the relative
numbers of the different sorts of animals. If the methods of the plant sociolo-
gists are followed—and they often are—the different species may be classified
according to their “‘dominance” in the community (Kontkanen, 1948, 1949).

There is a difference of opinion about the meaning of “‘community’’; some .
would stress the ‘“ecological relationship” between species, whereas others
would agree that any assemblage of species which is usually found in the same
“habitat” is a community (Kontkanen, 1950). The “habitat” is a subjective
concept, because the boundaries must be arbitrarily fixed by the student (sec.
2.2). The disagreement about the constitution of a community is academic and
not important in practice, because the enormous task of unraveling the ecologi-
cal relationships in even a simple community has usually proved impracticable.
Instead, we are given descriptive accounts of all the animals that may be found
in a certain “habitat.” Or, if this prove to be too ambitious, the study may be
restricted to a taxonomic group, perhaps a family or an order. Characteristic
titles for papers in this field are: “Analysis of the Animal Community in a
Beech Forest”; “An Ecological Study of the Saltatoria of Point Pelee”; or
“The Tree-Hole Habitat with Emphasis on the Pselaphid Beetle Fauna.”

These studies are justified by the hope that collectively they will discover
the laws governing niches, that is, the relationships between the members of
communities. Progress has been summarized from time to time, and the reader
will know books by Pearse (1926), Elton (1927), Clements and Shelford (1939),
Allee et al. (1949), Dice (1952), and others. All will agree that there is much
more to be learned in this field. Nevertheless, these s.udies have been going on
long enough now for us to be fairly sure that, no matter how mature the science
of “community ecology” may become, it is not likely to give rise to a satis-
factory, or even to any, general theory about “the distribution and numbers of
animals in nature.” There are two reasons for this. When too much emphasis
is put on the community, too little attention is paid to the species whose
distribution and abundance have to be explained. The distribution and abun-
dance of a species cannot be explained by studying only its relations with the
plants and animals in its “community.” There are certain other important
components of environment which also require to be considered.

But there are other zotlogists who have a practical and urgent interest in the
distribution and abundance of animals. These are the ones who are concerned
with the insects which may harm crops or livestock, or the vertebrates which
are valued for their flesh or fur or even for the fun of shooting them. Papers
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written by these men have such a wide range of titles that it is not possible to
select characteristic ones. Only occasionally does one meet the word “ecology.”
When it occurs, it is used in a different context. “Ecological Studies of Eufettix
tenellus” and “Ecology and Management of Zenaidure macroura’” are two
examples. Note that these titles imply that the ecology of a certain species has
been investigated, not the-‘“‘ecology’’ of a forest or a lake.

The two meanings are so distinct that the time may have come to give them
different names. We cannot use “synecology’’ and ‘“autecology’ in this context.
The meanings of these words have become attenuated (Chapman, 1931, p. 5;
Allee ef al., 1949, pp. 48, 227); but in none of their meanings do they discrimi-
nate between that sort of ecology which leads to an explanation of the distribu-
tion and abundance of animals and that sort which describes the relationships
of members of communities. In French a distinction is made between “la
biocénotique” and “I’écologie”’; and Kontkanen (1950, p. 9) suggested that
““biocoenotics” might be used in all languages to cover the study of communi-
ties. If a new name is needed, this one seems to recognize the real cleavage
which has developed in methods and knowledge, and it is etymologically
satisfactory. But perhaps it would be best merely to speak of the “‘ecology’ of
a certain species or the “ecology’ of a certain community.

The literature dealing with species of harimful insects and useful fishes, birds,
and mammals is enormous. It contains, if one is prepared to search deeply,
ample material from which to build a wide and satisfying general theory of
ecology as we use this word to refer to the distribution and abundance of
animals in nature. This has not hitherto been done; that is why we decided to
write this book.

1.1 THE REASONS WHY DISTRIBUTION AND ABUNDANCE SHOULD BE RE-
GARDED AS DIFFERENT ASPECTS OF THE SAME PROBLEM

In studying the ecology of an animal, we seek to answer the questions: Why
does this animal inhabit so much and no more of the earth? Why is it abundant
in some parts of ..s distribution and rare in others? Why is it sometimes
abundant and sometimes rare? These are all problems of distribution and
abundance.

The concept of distribution is well understood by naturalists. The distribu-
tion of a species coincides with the broad geographic limits inside which the
species may be found more or ! ss permanently established. It has become
customary to separate distribution from abundance, although Elton (1927)
was careful to avoid this error. However necessary this abstraction may be as
a methodological device, the separation should never be allowed to persist in
the final synthesis, for distribution and abundance are but the obverse and
reverse aspects of the same problem. This becomes quite clear when we observe
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closely the way animals are actually distributed in nature. Inside the distribu-
tion there may be favorable zones where a high level of abundance is main-
tained; but near the limits of the distribution there may be a marginal zone
which is sometimes inhabited and sometimes not and which, in general, is a
zone characterized by low numbers. Outside the distribution there are none.
This interaction between distribution and abundance may be illustrated by the
following example, which is based on the ecology of a certain grasshopper in
Australia (see sec. 13.12). We did not have quite enough empirically determined
facts to complete the example, so we filled in the gaps with imaginary values.
These values are possible ones, and the example may be regarded as being
essentiallv realistic. .

The distribution of these grasshoppers is bounded on one side (coastward)
by a humid zone, where arable farming is practiced; it is bounded on the other
side by desert. The area where the grasshoppers are found is just too arid for
arable farming, but hardy grasses and shrubs provide pasturage for sheep.
The weather is unkind. The summer is hot and extremely arid; evaporation
from an exposed surface of water may exceed 40 inches, and this may be ten-
fold the amount of rain that falls during the same period. The only plants that
remain green during summer are certain xerophytic shrubs and trees which the
grasshoppers do not eat. The winter is the wet season, and usually there are
grasses and other herbs for the grasshoppers to eat. But the rainfall is un-
reliable; sometimes so little rain falls that there is no food for the grasshoppers,
and most of them die from starvation without li.ying any eggs; at other times
there may be so much rain that diseases spread widely among the grasshoppers.
Notwithstanding these risks, the grasshoppers are numerous throughout much
of their distribution. Occasionally, when the weather is unusually kind, they
may become extremely abundant and remain so for several years. They are
not found in the desert to the north or in the humid zone to the south.

The chief causes of high death-rates among the grasshoppers are those which
we have listed in Table 1.01. By methods which will be described fully in
section 13.124, we estimated the probabilities that are shown in the first three
rows in the column headed “A” in Table 1.01. These probabilities express the
chance that any one generation will meet with catastrophe from the cause
named in the first column. Tt is also the chance that such a catastrophe will
occur in any one year, because this species completes one generation every
year. We lacked empirical evidence about the frequency of outbreaks of disease.
so we filled in the fourth row with an imaginary figure. All the figures in the last
two columns are imaginary. The figures under “A” refer to a certain district
which is near the center of the distribution of the grasshoppers: it is a place
where we know the grasshoppers are usually numerous. Locality “B” is arbi-
trarily supposed to be near the southern (humid) boundary, and “C”" near or
outside the northern (arid) boundary of the distribution of the grasshoppers.



