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NATURAL SELECTION AND ECOLOGICAL THEORY 
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Department of Zoology, University of Washington, Seatt le,  Washington 


A long  and i n t e n s e  controversy over  t h e  mechanisms of control of animal  
popula t ions  i n  nature h a s  accompanied t h e  development of ecology a s  a 
vigorous s c i e n c e  during the  p a s t  two decades .  While admitting that  t h i s  h a s  
s t imulated a g rea t  deal  of research ,  I sha l l  argue tha t  much of t h e  contro- 
versy h a s  involved peripheral i s s u e s  and  tha t  i t s  perpetuation will  cont inue 
to resu l t  i n  was ted  effor ts  on the  par t  o f  eco log is t s  and will add to t h e  con- 
fusion among in te res ted  non-ecological  biologists  a s  to what eco log is t s  are  
real ly  concerned about. Many s h a r e  t h e  view of Dobzhansky a s  e x p r e s s e d  
during one  of t h e  d i s c u s s i o n s  a t  t h e  Cold Spring Harbor Symposium o n  
Populat ion Studies  (1957). "To a non-ecologist,  t h e  controversy which h a s  
made our s e s s i o n  s o  l ive ly  i s ,  I confess ,  somewhat bewildering. I have  had 
a feel ing for severa l  y e a r s  now tha t  th i s  is a controversy ch ie f ly  about  
words, about  ' semant ics , '  to u s e  a fashionable word. Having t r ied to t h e  
b e s t  of my abi l i ty  to understand t h e  i s s u e  involved, I s t i l l  cont inue to feel  
tha t  way." 

In advancing the  view tha t  there is real ly  a b a s i c  i s s u e  involved, which 
is  much deeper  than i t s  peripheral manifestat ion in  t h e  form of t h e  argument 
over  densi ty-dependence and densi ty- independence,  I sha l l  b a s e  my c a s e  
la rge ly  on  two important books on populat ion ecology, t h o s e  of L a c k  (1954) 
a n d  Andrewartha and Birch (1954). Recognizing tha t  no two books c a n  ef- 
fect ively speak  for an ent i re  field, I s t i l l  s e l e c t  th i s  course b e c a u s e  of t h e  
g rea t  impact  of t h e s e  books on current thinking and  because  their  v i e w s  are  
clear ly s ta ted .  A s  with most  arguments, the  mos t  cr i t ical  port ion concerns  
t h e  ini t ia l  assumptions upon which theor ies  are  erected.  Hence,  a t tent ion 
wil l  be  concentrated upon t h e s e  fundamental assumptions,  ra ther  than upon 
corol lar ies  which follow if the assumpt ions  are  granted. 

T h e  b a s i c  g o a l s  of ecology a re  seldom s t a t e d  clear ly by eco log is t s ,  if ,  
indeed,  most eco log is t s  even  have  op in ions  about  them, but Andrewartha 
and  Birch a re  character is t ical ly  exp l ic i t  on th i s  point.  T o  them i t  is t h e  job 
of the  eco log is t  to explain why a cer tain animal is found i n  o n e  p l a c e  and  
not  i n  another, why i t  is  more numerous i n  o n e  p l a c e  than another, and  why 
there a re  f luctuat ions i n  i t s  numbers. T o  accomplish this ,  a three-pronged 
approach is proposed- t h e  physiology and  behavior of t h e  animal mus t  b e  
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invest igated;  the physiography, climate, soi l ,  and vegetation of the  area 
must be studied; and the numbers of individuals in the population in ques- 
tion must be measured a s  accurately a s  possible. Other organisms are to be 
invest igated a s  they appear important in the ecology of the spec ies  under 
special  investigation. 

Th i s  method of study i s  not only presented a s  being extremely profitable, 
but also a s  being definitely preferable to other methods commonly employed 
by ecologists. Community studies,  which are motivated by the hope that  
predictable relationships between the relative abundance and interactions of 
spec ies  can be discovered leading to insights  into community structure, are 
rejected a s  having contributed nothing, and a s  being unlikely to contribute 
anything in the future, to general theory. When too much attention i s  put  
upon the community, too l i t t le  attention i s  paid to the  spec ies  whose distri- 
bution and abundance are to be explained. Moreover, the community studies 
are s a id  to s t r e s s  the importance of other plants  and animals to the neglect  
of other components of the environment. 

In my view, the rejection of community ecology by Andrewartha and Birch 
i s  the corollary of a s t i l l  more basic position, namely, that  evolutionary 
concepts have no p lace  in ecological theory. The  importance of natural 
select ion i s  not disputed, for the final sect ion of the book i s  devoted to 
evolutionary aspects  of ecology, and Birch (1955, 1961) h a s  made important 
contributions to the study of evolution. Rather i t  i s  claimed that  a general 
and satisfying theory of ecology can and should be constructed without re- 
course to evolutionary thinking and concepts. This  view i s  clearly i l lus-  
t rated by the now famous c a s e  of the bees in the auger-holes (page 23). I t  
i s  the job of the ecologist to count auger-holes and so  to predict the  number 
of bees  to be found and the job of the evolutionist to measure genetic 
change a s  a result  of competition. Conceptually, the  two fields are kept  
quite distinct. 

Their  general theory of ecology s t a t e s  that  the numbers of animals in 
natural populations may be limited in three ways: (1) by shortage of material 
resources,  (2) by inaccessibi l i ty of resources, and (3) by the short period 
of time in which the intr insic rate of natural increase ( r )  i s  posi t ive.  The  
fac t  that the third of these  factors belongs to a category quite dist inct  from 
the  f irst  two need not be pursued now. For the  present  i t  i s  sufficient to 
note that, unfortunately, the current controversy i s  centered around the rela- 
t ive importance of these  factors and not upon the assumptions which have 
led to them. 

Lack  does  not attempt to s t a t e  a formal theory of ecology but h is  ap- 
proach to ecological problems i s  clearly outlined in the introduction to the 
the  book. Since the book is oriented toward population control, Lack  does  
not consider community studies,  but there is an implicit acceptance of their 
fundamental importance. On points other than those pertaining to com-
munities, he  is clear. The distinguishing feature of his  approach to ecology 
i s  an emphasis upon the need to recognize the distinction between proxi- 
mate and ultimate factors. Believing that  ultimate factors provide the  key 
to the understanding of current population adaptations, Lack h a s  oriented 
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h i s  own research toward the elucidation of evolutionary mechanisms in 
ecology. Andrewartha and Birch are, of necessi ty,  concerned only with 
proximate factors and i t  i s  a t  this point that the most fundamental dichotomy 
exists .  

Lack also strongly supports the belief that  controlling mortality factors 
must be density-dependent. He thus rejects  climate per s e  a s  a controlling 
mechanism and d iscusses  climate only with respect to changes in range and 
not with respect to population regulation. In contrast, Andrewartha and 
Birch ascribe major importance to control of populations by climate and re- 
gard distribution and abundance a s  two aspects  of the same problem. 

Given these striking differences in viewpoint, i t  remains to analyze their 
significance. Since Lack h a s  studied primarily birds and Andrewartha and 
Birch, insects ,  i t  i s  fruitful to consider whether the differences in view- 
points might be attributable to their choice of organisms s ince  i t  i s  to be 
expected that different organisms will have differing autecologies. I t  i s  im- 
portant to note, however, that Andrewartha does  not believe this  to be  the 
case ,  for in h is  recent book (1961) he  i s  a t  great pa ins  to cite vertebrate 
examples, conspicuous by their absence in the earlier book, to substantiate 
views derived from studies of insects .  

Despite this, however, several major possibil i t ies immediately suggest  
themselves. First ,  insec ts  are heterothermic and therefore more a t  the 
direct mercy of climatic variations than homeothermic birds which can stand 
wide variations in climate provided resources are available, especially in 
desert or near-desert environments. Second, a large proportion of insec ts  
which have been intensively studied are herbivores, whereas most birds are 
insectivores or carnivores. Since the apparent inability of herbivores to 
make effective use  of the primary productivity in most terrestrial ecosystems 
is  a puzzling problem, i t  could be argued that  control mechanisms in herbi- 
vores are basically different (Hairston, Smith and Slobodkin, 1960). From 
th is  i t  might follow that orderly predictions about insec t  populations are 
more difficult to make and, hence, such populations are more appropriately 
treated by different methods (MacArthur, 1961). Moreover, most birds ex- 
hibit well-defined territorial behavior which may ac t  strongly a s  a density- 
regulating factor (3rians,  1961), thus modifying the impact of the population 
upon i t s  resources to a mu.ch greater degree than in insec ts  with l e s s  highly 
developed intrapopulational control mechanisms. However, this  argument 
ignores the complexity of the problem of utilization of primary productivity 
in terrestrial ecosystems. The assumption of different control mechanisms 
for herbivores and carnivores i s  based upon inadequate evidence and f a i l s  
to consider the problem of food quality, often of prime importance to herbi- 
vores (Cowan e t  al., 1950; Taber, 1956, Harlan, 1956; Orians and Pitelka,  
1960). Moreover, though the action of natural selection may be more diffi- 
cult to trace in insect  populations than birds, this  provides no convincing 
bas is  for rejecting an evolutionary approach. 

Further, we may consider differences in the nature of the communities 
studied by field ecologists. As economic entomologists, primarily con-
cerned with insect  pes t s  of croplands and their predators, 4ndrewartha and 
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Birch work i n  the highly ar t i f ic ial  and recent ly derived communities of pure- 
s t a n d  crops. One resul t  i s  tha t  most i n s e c t s  a re  s tudied not  in  t h e  na t ive  
vegetat ion to  which they have  been evolutionarily adapted but in  recent ly 
colonized hab i ta t s  many of which a re  geographical ly remote from t h e  natural 
range  of the s p e c i e s .  In most  c a s e s  nothing is known of t h e  ecology of t h e  
s p e c i e s  i n  diversif ied natural communities s o  that  t h e  adapt ive s ignif icance 
of many l i fe  his tory fea tures  i s  obscure.  I t  i s  a t  p resen t  impossible  to a s -  
s e s s  the impact  of t h e s e  c i rcumstances  i n  relat ion to empirical resu l t s  on  
populat ion f luctuat ions i n  cropland p e s t s ,  bu t  there is c lea r ly  suff icient  
ground for caution i n  general iz ing from t h e s e  r e s u l t s  to natural communities. 
Moreover, the growth of economic entomology h a s  been s t imulated by par- 
t i cu la r  p rac t ica l  demands, namely t h e  predict ion of outbreaks of p e s t s  and  
their  control,  e i ther  through predators  o r  through the  discovery of a part icu-  
l a r l y  vulnerable s tage  of the l i fe  his tory.  Since correlation may permit pre-  
dict ion,  t h e s e  g o a l s  can  often be  ach ieved  by obtaining cl imatic  correlat ions 
with population f luctuat ions,  d e s p i t e  the  f a c t  tha t  t h e  correlation need  not  
imply causat ion.  

JHowever important the differences i n  t h e  au teco log ies  and environments 
of organisms s tudied by eco log is t s  of different schools  of thought may be, I 
be l ieve  that  the fundamental dichotomy in modem ecology, a s  i l lus t ra ted  by 
t h e  books under consideration, can  only b e  understood a s  a manifestation of 
t h e  fundamental division of biology into two major ca tegor ies  -functional 
biology and evolutionary biology (Mayr, 1961). T h e  differences i n  method 
and  b a s i c  concepts  of t h e s e  major f i e lds  is  sharply focused  i n  t h i s  contro- 
versy  though i t s  roots  have apparently not  been grasped  ei ther  by the  par- 
t i c ipan ts  o r  in te res ted  observers .  A s  functional eco log is t s ,  Andrewartha 
a n d  Birch a re  concerned with t h e  operation and  interact ion of populat ions 
and  o n e  of their  major concerns  is with experimental control of environ- 
mental  variables. T h i s  approach l e a d s  to t h e  reject ion of r e s u l t s  directed 
toward the  elucidat ion of the  act ion of natural  se lec t ion  upon populat ions,  
s u c h  a s  t h e  distribution of chaff inches ( F ~ i n ~ i l l a  coe lebs  and F .  coerulea)  
i n  the  Canary I s l a n d s  ( L a c k  and  Southern, 1949) and character  displacement  
(Vaurie ,  1951; Brown and Wilson, 1956). To  the  evolutionary ecologist ,  t h i s  
reject ion is qui te  incons i s ten t  with their e a s y  accep tance  of c l imat ic  cor- 
re la t ions  that  appear  far  l e s s  cr i t ical  and may eas i ly  b e  misinterpreted 
through improper application of s t a t i s t i c s  (Smith, 1961). 

A s  a n  evolutionary ecologist ,  L a c k  i s  primarily concerned with the  c a u s e s  
behind observable ecological  adaptat ions and h a s  made h i s  major contribu- 
t ion in  the  sub jec t  of the  evolution of reproduct ive rates .  T h i s  approach 
l e a d s  to the reject ion of cl imate a s  a s ignif icant  regulating factor  for  popu- 
l a t ions ,  a reject ion which the functional eco log is t  finds incomprehensible. 

I t  i s  po in t less  to debate  the  val idi ty  of t h e s e  contrast ing approaches  to 
ecology a s  both have clear ly just i f ied their  usefu lness  in  al l  f i e lds  of bi- 
ology. However, i t  is of g rea t  importance to consider  t h e  claim of 4ndrew- 
a r tha  and Birch that  general  ecological  theory can  and  should be built  so le ly  
upon the functional approach. J u s t  a s  many physiologists  t reat  the animal 
body a s  a highly in te res t ing  and complex mechanism which h a s  no t  been and  
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is not  'going anywhere, Andrewartha and Birch t rea t  ecology a s  t h e  s tudy of 
complex relat ionships between animal populat ions and their environments 
which a r e  to be  b e s t  understood a s  ne i ther  having evolved nor cont inuing 
to evolve. 

I t  is becoming increasingly apparent  tha t  a complete answer to any ques- 
tion should deal  with physiological ,  adaptat ional  and  evolutionary a s p e c t s  
of the problem (Pi t tendrigh,  1958). T h e  evolutionary p r o c e s s  of becoming 
y i e l d s  the most profound understanding of biological sys tems  a t  a l l  l e v e l s  
of organizat ion (Simpson, Pi t tendrigh and Tiffany, 1957). T h e  non-evolu- 
tionary answer to the  quest ion of why an animal is abundant in  some p a r t s  
of i t s  range and rare  in  o thers  i s  of n e c e s s i t y  incomplete. T h e  functional 
eco log is t  can  and d o e s  make an important contribution to the  understanding 
of the  dynamics of populations, but for the  formulation of theory i t  i s  e s s e n -  
t i a l  tha t  the  approaches be  combined. T h e  functional approach by i t se l f  
cannot  provide a b a s i s  for theory and, i n  fact ,  the  "theory" of Andrewartha 
and  Birch real ly  s t a t e s  tha t  no general  theory of ecology is p o s s i b l e  and 
tha t  each  c a s e  must be considered individually, which is really a s tatement  
of research  technique rather than theory. 

T h e  appl icat ion of se lec t ion is t  thinking to natural populat ions h a s  al- 
ready l e d  to deeper  ins igh ts  about  the  proximate relat ionships of popula- 
t ions.  In fact ,  i t  i s  difficult to think about  populat ions without considering 
t h e  s e l e c t i v e  advantage of var ious l i fe  history features. L a c k ' s  work on  
avian reproductive r a t e s  i s  an exce l len t  example of ecological  ins igh t  de- 
r ived from se lec t ion is t  thinking. Another is  R. A .  F i s h e r ' s  theory on the  
evolut ion of s e x  ra t ios ,  originally proposed in 1930 and recent ly amplified 
by Kolman (1960) and Bodmer and Edwards (1960). T o  th i s  we  may add 
Medawar 's  (1957) s t imulat ing d i scuss ion  of the  evolution of death r a t e s ,  a 
fundamental ecological  and physiological  problem; al l  competition s tud ies ;  
t h e  ecology of vertebrate soc ia l  organization (P i te lka ,  1959; Orians,  1960, 
1961); and the  nature of animal n i c h e s  (Hutchinson,  1959; MacArthur, 1961). 
Recent  s t u d i e s  of s p e c i e s  abundance and diversi ty  (Kohn, 1959; Macrlrthur, 
1957, 1960; MacArthur and MacArthur, 1961) a re  a l s o  producing promising 
resu l t s ,  but i t  s t i l l  is too ear ly to eva lua te  them adequately.  Also, animal 
eco log is t s  a re  adopting more widely the community approach which h a s  been 
in tens ive ly  and extensively u s e d  by p lan t  eco log is t s  for d e c a d e s  (El ton,  

1949). 
O n  the  other  hand, L a c k  and  o thers  of s imilar  viewpoint probably over-

s t a t e  the  c a s e  for densi ty-dependence when they assume tha t  regulat ion and 
evolut ion cannot  occur  u n l e s s  there is so-ca l led  biological cnntcol and 
competition. T h e  role  of c l imate a s  a control l ing mechanism i s  often 
doubted on t h i s  ground alone, but Birch (1960) h a s  made a valid claim for 
t h e  operation of natural se lec t ion  through climate. Voreover, environments 
do f luctuate  and may do s o  regularly enough to prevent  competition from pro- 
ceed ing  to i t s  conclusion (Hutchinson, 1953). 

F ina l ly ,  i t  may be asked  whether  o r  not  there i s  any such  thing a s  a gen- 
e r a l  theory of ecology, sa t i s fy ing  or  unsat isfying.  I s  there a theory of be- 
havior or comparative anatomy or embryology or  physiology? R1hereas there 
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are descriptive generalizations in all of these  fields, the only general theory 
which now seems possible is that of natural selection. Ecology, too, h a s  
i t s  descriptive generalizations, such a s  the principle of competitive exclu- 
sion,  but a s  in other fields, evolution would seem to be the only real  theory 
of ecology today. Even i f  one strongly believes in the action of natural se-  
lect ion i t  is exceedingly difficult, a s  Darwin pointed out, to keep it always 
firmly in mind. Neglect of natural selection in ecological thinking i s ,  there- 
fore, understandable though regretable. However, i t s  deliberate exclusion 
in these  years following the Darwin centennial would seem to be exceed- 
ingly unwise. 

CONCLUSIONS 

The  roots of the current controversy which s o  deeply divides ecology l i e  
much deeper than their peripheral manifestations in the argument over 
density-dependence and density-independence. Rather, they stem from the 
division of the field into two major categories -functional ecology and 
evolutionary ecology. Both of these  approaches are valid and useful and i t  
is a mistake to erect general ecological theory exclusively on either. 
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