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1- A N D  X S E L E C T I O N  OR b A N D  d S E L E C T I O X ?  

ERICR. PIASI~A 

D e l ~ a ~ t ~ i i c ~ i tof Zoology, University of Texas, Anstill, Texas 78713 

Hairstoii. Tiiilile, and  TJTilbur (1970) rece~i t ly  criticized tlie colicepts of 
r and  li selection as proposed by 2iIacXrthur aiid TTilsoii (1967).  IIairstoii 
e t  al. (1970) iioted tliat selectioli call not act clirectly on the insta~ltalleous 
rate of increase ( r ) ,  but  must  instead act upon its componriits, the instanta- 
neous b i r th  ra te  per liead ( b ) ,  and  'or tlie ins ta~i ta i~eous  cleat11 rate per head 
(cl). Fu r the r ,  they proposed tha t  tlle ternis "1- selectioii" aiid "IT selectioii" 
be replaced v i t l l  "b selectioii" aiid "d selectioii. ' ' respectirely. I Io~~rever .  
these authors seein not  to appreciate fu l ly  the coiicepts of r and  X selection 
(see also Piaiika 1970; Gadgil aiid Solbrig 1973).  Here  I at tempt to reconcile 
these viewpoiiits, to reduce coiifusioii, a n d  to clarify coiicepts of 7- aiid Ii 
selectioii. 111addition, I briefly discuss the celitral tlieoretical role of 1. alicl X 
selectioii i n  i~ioderi i  populatioli biology. 

I n  siiiiplest terms, r selection refers to the density-i~idepeiide~it  coiiipone~lt 
of na tura l  selection. IT-liereas li selectio~i is cleiisity depeiideiit (see also 
Roughgardeli 1971 ; Cllarlesaortli 1971 ; Clarke 1972).  very  siniple equa- 
tion which inodels populatioii gro\~7th is : 

where 2,  y, and  are  coiistaiits n i t h  T being greater than  one. I11 t l ~ i s  equa- 
tion, selectioii oil tlie coiistnnt z ~voulcl be 1. selectioii ~vliereas tliat oprratiilp 
on coiistaiits y and/or ? svoroulcl co~ist i tute X selection. Hairston et al. derclop 
their argniiient from a moclified rersioii of ecluatioli ( I ) ,  tlle TTerllulit-Pearl 
logiitic equation : 

vllere 1- is maximal instantaneous rate of increase per head aiicl IT is carryiiig 
capacity (both constalits) . C o n i p a r i ~ g  equation (1 )  svith ec~uatioii (2 )  shows 
that  R selection uncler the TTerliulst-Pearl logistic i i i r o l ~ e s  selectioii on the 
ratio of ?.'IT(= y) ,  or tlle slope of tlle line relating tlle coiistants I .  and  R 
(fig 1).Tliuc,, X selectioli focnits  on con ip r t i t i~c  ability, or the way i11 ~ ~ l i i c l i  
tlie actual instailtaneous ra te  of illcrease, ?+, = d S / S d t  = - (N/X) r ,  
raries wit11 cllaligiiig levels of conlpetitioli (co~ispecific or  otherwise). Give11 
a stable \~112j11~ of resources, tlie i n t e~ i i i t y  of competitioii illoulcl be propor- 
tional to popnlatioii clelisity (figs. 1-3). Tlie illteractioii of T ,  aiid S is then 
of prime colicern in coiisideratioiis of T aiid X selection Increased competi- 
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FIG.1.-Plot s h o ~ ~ i n gho~v  actual i~lstantaneous rate of increase per head, r,, 
decreases linearly with increasing populatio~l density under the Verl~ulst-Pearl 
logistic equation. See text. 
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FIG.2.-Diagra11111iati~ plots of the val.ious insta~ita~ieousrates pe7 head 
versus the illtensity of competition (here represented by populatio~l density), 
sho~~+lghow these might vary ill all r strategist ( l e f t )  and in a X strategist 
(right). At i le~~sit ies birth rate per head is levhe lo^^ the optillla1 e~iriro~ialent,  
because probaljilities of mating are reduced. Tlie peak of the birth-rate curve 
~ieednot co~respond xit l i  the trough in the death-rate cmve. The l o ~ ~ e r  curvest ~ ~ o  
represent the actual instnntaneous rate of increase, r,, obtained by subtracting 
the instantaneous death rate fro111 the i~~sta i l ta~lcous  rate. See tes tbirth for 
disc~~ssion. 

tive ability (evidenced by higher actual rates of illcrease at high densities 
in figs. 2 and 3) is assumed to be liecessarily accompanied by reclzbced 
inasinla1 instantaneous rate of increase per head (r,,,) in a demographically 
optimal environment, although this is not true of v, at all densities (fig. 3 ) .  
This assumption is plausible in that limited resources of time, matter, and 
ellergy available for reproduction should nornlally result ill an inverse rela- 
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relationship between expenditure per progeny and $tiless, relatively fclu of 
tllem). Such I<-selected organisnls must inevitably have a low r,,,,, sinlply 
because of their low fecundity (even an instantaneous death rate of zero 
callnot produce a lligli r,,,,, mhen inst:riltaneous birth rate is low). 

Conrrersely, in a rarefied enr7ironment (one with an instantaneous de- 
inand/supply ratio considerably less than one), coinpetition is reduced and 
an organisnl need not produce progeny with high coinpetitive abilities. 
Under such circumstances, resources allocated to reproclnction can advan-
tageously be divided up anlong seleral to nlaily offspring, often with each 
one having a lo-cverecl probability of surviving to reprod~~ce  itself. Indeed, 
in s ~ ~ c h  an environnlent, there is actually a strong advantage to early repro- 
duction and high fecundity because of the low expectation of future off- 
spring due to high rarefaction; opportunistic populations exploiting such 
habitats are often expanding (see Pianka 1970). (Variability of r, in tilne, 
in fact, inigllt often be a good indicator of an organisnl's poiition along the 
r-I<cooutinuun~.) S L I ~ ~  r-selected organisnls usually have relatively high r,,,, 
v a l ~ ~ e sdue largely to their high fecuiidities (recall that r,,,,, is the instanta- 
neous rate of increase per head under a theoretical set of delnograpllically 
perfectly optinla1 conditions for both reprod~~ctioii and survivorship). 

111 developilig their notions of b and d selectioli, Hairston et al. (1970) 
insist that Y, b, and d are not functions of population density; they object 
to Andrewartha and Birch's (195-1) use of r,,, (= r,,,) and to AIacArthur 
and Wilson's (1967) contention that r varies inversely with population size. 
Hairston et al. point out, rightly, that r, b, and d are constants in the 
Verhulst-Pearl logistic equation. These assertions are, however, merely a 
matter of definition and they s o m e ~ ~ h a t  restrict discussion of b and d curves 
(fig. 2 ) .  The biologic reality of these cnrves is apparent from the fact that 
fecundity (and therefore, b) is often i)zvc~scZy related to population density 
(Lotla 1925; Oduln 1959; Lack 1966) ; similarly, survivorship (the inverse 
of cl) has often been shown to be influenced by population density (Lotlia 
1925 ; Lack 1966). 

By distinguishing the two colnponents of r (2, and cl), Hairston et al. 
(1950) have actually pointed the way toward a lnore refined analysis of 

and X selection. Treating r, b, and d as constants, however, occludes such 
an alialysis. since under this condition, so-called b selection and d selection 
are in fact both dclzsity indcpelzdc~zt and merely conlponents of 7- selection. 
As such, Hairston et al.'s (1970) notioils of b and d selection have nothing 
to do ~vitll I<selection, per se. By  allowing r, b, and cl to be variables and 
functions of population density. one can consider the selective forces nlold- 
iilg the slzcrpcs of the t~vo curves in figure 2, rather than just the nlaxinlal 
difference betmeell them. Obviously, at  any given density, the cliffercnce 
bet~veen the two curves deternlines an organism's fitness. Selection shoulcl 
thus act to raise the b curve ancl to l o ~ ~ e r  the cl curue, ancl, in addition, to 
lnal~e both curves as flat as possible (sucli flatiless confers a reduced degree 
of sensitivity to increasecl levels of competition). 

Much of the theory of population genetics has traditionally assunzed 
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density-indepelidellce ancl/or constant fitness; consider, for exaniple, the 
"fulidamental theorem of natural selection" (Fisher 1930). I n  coatrait, 
most of both classical ailcl current theory ill populatioii ecology assumes that 
habitats are saturated wit11 individuals and, or that rates of iiicrease (the 
ailalogues of fitness) are inversely clellsity clepellclelit ; as examples, coiisider 
tlle coiicepts of character clisplacemellt (Brown a i d  TVilson 1956; Hutchin- 
soil 1959) and the competitive elclnsion priiiciple (Hutchinson 1957; 
Hardill 1961), or the Lotka-Volterra conipetition equations aiid their mocleru 
outgro~vths, such as those cleveloped by Levins (1968) ancl Validerlneer 
(1970. 1972). (11 notable esceptioii is the classic paper of Cole [1954]. which 
assumes colistailt fitness and complete density indepeudeiice.) Thus one 
school aiiumes that nature is a perfect ecological vacuum, while tlie other 
assumes that, a t  ecluilibrium, i t  is always fully saturated. Both assulliptions 
are biologically unsound, and the real ~ ~ o r l c l  doubtlessly lies somewhere in 
b e t ~ ~ ~ e e n ,being partially saturatecl. Noreover, the clegree of satnratioil iliust 
vary from area to area, from time to time, aiicl froill populatioll to population. 
The artificial dichotoliiy between coiisiderilig natural pllellomeila either as 
conipletely density inclepelident or collipletely density depeiidellt led to the 
great dispute durilig the last two decades over how populations are regulated 
(e.g., i1ildrewartlla ailcl Birch 195-1.; Lacli 1934, 1966; Smitll 1961, 1963; 
Aiidrewartha 1963; Orialls 1962; Horli 1968; d1cLaren 1971). i\Ioclerii 
population biologists are relaxiiig these assumptions aucl are trying to build 
more inclusive and s t r o i ~ g e ~  for various theories which a l l o ~ ~ ~  degrees of 
saturation (e.g., Gaclgil ancl Bossert 1970; Icing and Anclerson 1971). The 
concepts of 1. and R selection have played, and will doubtless continue to 
play, a central role in  sncli tlieoretical developments. These eiilrrglllg theories 
will help bridge the gap be t~~~ee i i ,  as well as blend, tlie disciplines of popula- 
tion genetics ancl population ecology. A11 important empirical founclation 
for the n e v  theories of population biology nil1 be to ullderstailcl how coi11- 
petition varies as a fuilctioll of tlie clifereiltial between supply and clemancl. 
Because colnpetitioli should be inteniifiecl as tlle ratio of clemalld over supply 
increases, one predict maximmu tolerable ( a l l o ~ ~ ~ a b l e )would that aiche 
overlap should be greater ill relatiuely less saturated comm~uiities and/or 
portions of coniiilunities ( I  call this the "niche-overlap hypothesis "--see 
fig. 4 ) .  A Bey to testing such aspects of the eniergillg theory ~vi l l  lie i a  the 
developlnent of appropriate empirical illdices of sucll quantities as the fol- 
lowiag: (1)  level of competition, ( 2 )  degree of saturation, a ~ ~ d / o r  (3) the 
ratio of denialld over supply. All these properties are abstract and will be 
difficult to quantify. I t  may, however, be possible to approach the problein 
liiore indirectly, uiing the time ancl energy budgets of orgallisms as indi-
cators of the degree of competitioil and saturation. 

Oiie nspful lneasnre is "r~procluctive effort." which eoiisists simply of the 
proportion of the total resources (time nlatter, and or energy) available to 
all orgallism that is allocated to reproduction at  any given time or over a 
particular time interval (TTTillialiis 1966 ; Tiiikle 1969: IIarper, Lovell, ailcl 
AIoore 1970; Harper and Ogdeii 1970 : Gadgil and Eossert 1970; Gaclgil and 
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FIG.4.-Erpotllctic;tl relatio~isliip 1jetn.celi tllc level of c o n l l ~ ~ t i t i o n  a n d  m a s -  
imruil tolerable niche overlap. htnsimol ~i icl lc  overlap in n saturated eaviroanleut 
lllay no t  be zero a s  figured, b u t  ratlier nliglit be sol~le  positive quant i ty  related 
to  tlie cllnrnctel. ilisplncel~ie~lt ra t io  of 1.3 (Hutclliason 1959).  

Solbrig 1972).  If we assume tha t  selectioll l~ornzally liiasiiiiizes the al l~oull t  
of energy gatliered per uni t  time, a n  org:rnisili's competitive lliilieu call liave 
either or  both of two distinct types of effects upoil its time and  energy 
hudget : (1 )  illcreased competition call reduce the overall aiilount of energy 
all org,lnisnl call gather per uni t  tilile, and,  hence, its total buclget; and/or 
(2 )  a n  altered colilpetitive ellviroillllellt nlay require sollle reapportioiilllellt 
of time and  energy allocated to various coilflictillg d e l i ~ ~ ~ l l d s .  Thus, when 
faced ~vj t l l  l~eigllteiled coalpetitiol~, a n  org;inism might have to expend rel- 
a t i w l y  lliore of ~ t s  l i m ~ t e d  time alicl energy on territorial defense ailcl other 
conlpetitive a c t i ~  ltles, leaving less for  reproduction. Fro111 either effect, total 
reprocluctlr-e effort sllonld generally decrease ~ n t l l  illcreasing degree of 
satm,,rtlon. Sin~ll,il.ly, because compe t l t i~e  ability is a t  a prellliulll ullcler 
I< sclrction, il successful colllpetitor puts  r e l a t ~ r e l y  niore energy into each 
of its of \pr i l lg  a n d  cspcndzf/i7e p c ~p r o g ~ i ~ yis high. I11 contrait,  1-selected 
organisms expend less on each incli~iclual progeny a n d  produce liiore of 
tlielil. and  their  offspring are  lers llkely to encountel* high iiltensities of 
competition. Ilitelise density-indepenctellt iilortality ( r  selection), by  de-
creasi l~g a n  individual's expectation of fu tu re  offsl~ring. sllould reduce re- 
turns  from allocatioll of energy to soillatic tissues and activities, thereby 
f a ~ o r i n g  l ~ ~ c r e a s e d  reproductive effort. Hence, 7. strategists should produce 
more off'sprilig tllall I< \trategists, both because of their increased reprocluc- 
tive ei'fort i i~ ld  because of reduced espelliliture per progeliy. Obriouily, 110 

organism is coliil~letely 7% selected or colilpletely I< selected, bnt  rather all 
lilust rear11 solile colllprolllise betweell the two extremes The relative posi- 
tions of org'lnivns along the colitilluulil of 7. a n d  I< \election (t'i,inlca 1970) 
are  of consicierable interest. 

Female l i ~ a r d s  are especially suitable organism\ for  exanrinntion of repro- 
cluctire efYort and  expellcliture per progeny ; they selclolil exert parental  care 
and  the rveiglit of a clutcli or  litter is easlly me,rsured. as 1s tlie neiglit of 
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indil-idual oriclncal eggs alld or offspring Eiiimwtes of the percentage of 
total hod)- eight going into egg production. couplrcl wit11 data on clntch s i ~ e  
ancl estlli~ated llalirber of clutches. should a110~~- relativea5signment of c r ~ l d e  
positiolls along the 9--K continuum to various l iz r rd  species (Pianlra, in 
prepara t ion) .  Niche overlap call be estimatpd nsillg da ta  on llricrollabitat 
nsage. siomach contents, and  times of actil-ity (Pianka  1969) a n d  neTv mea- 
snres of niclle breadth a n d  lriclie overlap (Colwell and  Fu tnpma  1971). B y  
plotting reprocluctive effort and  expenditure per progeny against niche 
overlap ( a n d  ratios of niche overlap over iliclle breadth) ,  the n iche-o~er lap  
Itypotllesii presented in figure 4 could be tested. 

illtllougll the terlils 9. a n d  I< selection tlrelirselves may  perhaps be soliiewllat 
~urfor tmla te  to the estelrt t ha t  they inroke the ~ i iuch  o re r~~or l i ec l  Berhulst-
Pear l  logistic ccluation. tile concepts 1~11ich accompany tile111 are  ilrdepelldellt 
of tha t  equation ancl a re  both clear a n d  extrelnely useful i n  liroderll popula- 
tion biology. 

Tile concclpts of 1 .  a n d  I< selectioll a n d  Z, a n d  (1 selection are  discussed a n d  
col~lpared.The former pair  of concepts mill play a central  role i n  the  derel- 
o p l ~ i a i t  of neIT theories ill population biology which relax tile assulilptiolls 
tha t  communities ( a n d  portions theyeof) a re  either fully saturated or com- 
pletely uniaturatecl. It is I1ypotllesi7ed tha t  lirasiliial tolerable liiclle overlap 
ilionld Ia r y  ilrrersely with the level of competition. and  a test is suggested. 

Students in lily 1971 graduate populatioll ecology class yead the IIairston 
e t  al. paper a n d  their collfusioll and colilllrelrt helped lile i n  formnlating 
icleas presented here ; this help is lliucll appreciated. Discussions ~ ~ i t h  *I.H. 
Gillespie a n d  TTT. E. Kcill were of great  ralue.  I thank J .  C. i l v i s ~ ,J. A. 
Giiionctte, D 11. F w n e r .  C. E. I<i l~g.L. AIoore. 1'. E. Xmonie. D. Yardley. 
and  1x1~-v i f e  Helen for  lrelpful coillinellts on the manuscript .  Fillally ?J. G. 
Hairston. D I\' Tilrlrle, and  H 31. TYilbnr rencl the lilalluscript and  made 
nsef u l  critieiiltl nhich  allowed resolutioli of i e v e r d  ~lziiunclcrsta~ldilrgi. I a111 
also grateful to the National Scicllce Found,~t ion  (g ran t  lrulnbcrs GE-8727 
allci GE-31006) for  filla~rcial support .  
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