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ABSTRACT: The logist ic equat ion is a start ing point of  many ecological  theories.
Most ecologists agree that this equat ion is usual ly not conslstent I i l l th observat ions
and experlmental  results but i t  ls argued that the slmpl lc l ty of fhis equat lon ls
the reason for this lnconsistency. In this paper I attempt to prove that the reason
for inadequacy of the logistic equation l-s more fundamental: most systems qf equa-
tions descrlbing the dynamlcs of population and lts resources cannot be transformed
to the single equat lon for l imited growth. Even i f  thls transformation is posslble '
the K parameter depends on components of !r usually on the ratLo of mortallty rate
to reproduction rate. Thls fact ls commonly overlooked because it ls assuned that
denslty affects the abstract term r (popul-at lon growth rate).

Because of doubts as to density-dependence and the logistlc equation, the
r- and K-select lon concept is cr i t icLzed, both as a classi f lcat ion system and as a
predlct lve theory. I t  ls shown that when resources are expl ic l t ly consldered, i t  ls
possible to prediet t rai ts favored by natural-  selectLon on a given resource level
dlrectly from the descrlptlon of the system. This approach seems to be more advan-
tageous than the r-  and K-select ion concept.

I. INTRODUCTION

Ttre logistic equation is a mathematical formulation of the denslty-dependent
facEors concept. Though density-dependence may no longer be a burning issue lt ls
dl f f lcul t  to f lnd a contemporary ecology textbook that does not contaln the loglst lc
equation. There are also very few papers on theoretlcal ecology for whlch thls

equat ion would not be a start lng point.  On the other hand, everybody agrees that the
logistic equatlon does not describe the dynarnics of natural populations well enough.
Any di f ference between l ts predlct ions and reaLity is at tr lbuted to a too slmpl i f ted
form of the equaLion. I f  we assume the inadequacy of the logist ic equat lon, and at
the same time we derive from thts equation other ecologlcal theories, we cancel the
possibl l l ty of  fa1-si fy ing ei ther these theortes or the denslty-dependent factor
concept on which the eguat ion is based.

The ent ire body of mathematical  descr lpt lons of lnterspeclf ic cortpet l t ion'  as
wel l  as the r-  and K-select ion concept,  ate based on the loglst ic equat lon, hence
al l  these ' r theories" are not fals l f lable. Their  quant l tat ive predict lons cannot be
tested, and their qualitatlve predlctions are so obvious that no mathenatical model
is requlred to detect thern. l . Ihen discussing these quest lons Peters (1976) has
pointed out that models of interspecif ic competi t ion and modeLs of l -  and K-select ion
are not theories but tautologies. Tautologies are, of  course, useful  for the develop-
ment of science. Peters (L976) is,  however,  r ight when he wrl tes: rrTautologLes may
be useful  logical  aids, bu! they cannot repl-ace real theories. Unless ecologists

are careful to distinguish the two, their confusion may produce a body of thought
rest lng on metaphysical  rat ionale rather than empir lcal ,  predict lve sclencert .  As

far as I know the part of Petersr views connected wlth ecologlcal models dld not
have further repercussions. The reason ls simple: the author has not given an

alternat ive method of bui lding the ecological  theories.
******t r
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There are two arguments for the denslty-dependence concePt. Ttre older one

is that since the other factors are unable to sLop the exponential population

growth or to protect the popul-ati-on agalnst extlnctlon lt Ls necessary- !19:r 
ah.

Iensfcy-d"per,dent factors should exlst  (see e.g. Solomon, L957i Lack, 1966)r.

The setond argument is more convlncing and more wl-despread at the Present time.

It is assumed that resources are limited and, since there ls a feedback between

the amount of resources and the population size, the single equatlon of Llnlted

growth
(1)

can be formulated. In thls paper I  discuss lhe second argument only (Flg. l -) .

A11 argurnents based on necessity of existence as well as undoubted examples of

denslty-dependent factors (e.g. cannibal- ism, unlntentLonal-  ruinlng of other

indlvldualsr eggs) are beyond the scoPe of the paPer.

The systems of equations for populations and their resources are a start-

ing polnt of the conslderations presented here. It ls assumed that such systems

are closer to reallty than slngle equations of limlted growth. In the next

section an attempt is made to reduce the eguation systems to a slngle equation'

when space, mineral nutrtents and food are the limltlng factors. If such a

reduct ion ls posslble, special  at , tent lon ls gtven to test whether the K Parameter '
called carrylng capacity, has the same meanlng as its common interpretatlon. The

mathematlcs !n thls sectlon is rather simple, but the entlre section can be omlt-

ted l f  deslred; the results are br ief ly summarized in the other sect lons.

Development of the density-dependence concePt ls further discussed. When

consldering popul-ation dynanlcs two critical polnts are suggested. One of them

seems to be ispecial ly unJust i f led but strongly inf luenclal-  on ecological-  theories:

lt is assumed that density acts irmediately on an abstract population parameter.

In the context of doubts concerned the logistic equatlon three different aspects

of the a- and K-selection concept are dlscussed. As an alternative to this con-

cept, natural selection ls considered Ln the systems when the resources are

expl lc i t ly specif ied.
My suggestlon to describe the dynamics of population-resource systems

instead of the dynamics of populatlons alone is not a new l-dea, of course. Unfor-

tunately both approaches are usually mlxed: nearly always the logistic term i.s

involved ln the sysLem descriptlon. Thus it is difficult to recognize what pat-

terns are the results of population-resources relationship, and what are fhe

producgs of loglstic thinking. The main aim of this paper is to seParate them'

at least in verY simPle systems.

*t = r(n)
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Flgure 2. Hypothet ical  relat ion of nortal i ty and reproduct ion rate (A),  and

the correspondlng fraction of free-space )L at r{rhich populatlon
lncrease is stopped (B).  |  = 5mu')  for  curves 1,  b = 5m for
curves 2,  and b-= 5m1'5 for  curves 3.

** *  **  *  **  *  ***  **  *  **  **  *****  **  ***  **  **  *  *  dt  **  *

II. AI{ ATTEMPT AT REDUCING DIFT'ERENT KINDS OF SYSTEMS
TO A SINGLE EQUATION

assume that the rate of growth of the population depends on the
of the resources (space, 1- ight ,  food, mineral  nutr ients,  etc.) .

of  such a system can be described by the system of equat lons:

91

tr*

Let us
amount of one
The dynamlcs

(za)

(2b)

* t  
= nt(x 'n)

dn
dr

= h2(x rn)

where x = amount of resource' g = number of indlviduals.
system (2) to the single equation of limited growth (1)

should be calculated from (2),  and l ts solut ion x = k(n)
After putt ing this solut lon into (2b) we obtain

* t=nr,n(n),n) 
=f(n)

i .e.  an equat ion of  the same form as ( l ) .

This rransformarion is possible if *:l:t 
is independent of x. rt is

For t,ransforming the
the equat ion dx ,  /  \

dn 
= g\n/

should be found.
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intul t ively c lear that  th is condl t ion is sat isf ied when ( i )  changes of  nr :mber of

individuals are the only reason for the changes of amount of resources, and (i i)

the resources are re-usable,  i .e.  they return into the system at the moment of

an indiv idualrs death.  The equat ion (2a) takes in th is case the form:

(3) dx,dn
aI- 

= nt(x'n,l = -. a; ,
where a is the amount of resource kept by one individual.

SPACE as the l imiting factor

Space is an example of  a resource to which equat ion (3) can be appl ied.

Space can be a l imi t ing factor for  p lants ( in th is case space can be considered

as an access to l ight  or  water) ,  for  sedentary crustaceans or mol luscs,  fot

terr i - tor ia l  animals,  for  hole-nest ing birds,  etc.  I t  can be assumed sometimes

in these cases that the reproduction and recruitment depend only on the amount

of  f ree space. Each l iv ing and resident indiv idual  produces i ts progeny at

the constant rate b but the young individuals wil l survLve only when they find

an unoccupied space (crustaceans, plants) or i f  reproduct ion occurs only when

the parents f ind an unoccupied place (e.9.  terr i tor ia l  animals,  hole-nest ing

birds).  In both cases a s i rnpl i f ied system of equat ions descr ib ing the dynamics

of free space x and plant or animal number n takes the form:

dx dn
-=_2-
dr  -dE

9a = (-m+ur )n
dE x0-

The parameter a denotes the amount of ppace occupied by each individual, m is
nortal l ty rate, b is maximum reproduct ion rate, and 19 is total  amount of space

(occupled and free).  From the system (4) i t  can be deduced that 
dx
a; 

= -t, an(l

(4a)

(4b)

further

(s)

x = I0.-gn. Subst l tut lng the equat ion for x lnto (4b) yields:

The equi l ibr ium state

(6)

$f = t-**crfil)n

K appears when:

x = 1131x0.'  b 'a

Equat ion (5) can be transformed into the fol lowing form:

dn n.  nr

;  
= (b-m)tr{)n = r( l?n 

,

i .e.  the form of c lassical  logist ic equat ion, where r  is the maxlmum growth rate.
But it is necessary to point out that K is not equal to the number of individuals
which f i l l  up the space. The space can store 5 individuals,  whi le the equi l i -

a

brium number K depends also on the ratio In ,- -  
F (note 2).

MINERAL NUTRIENT as the limiting factor

LeL us consider a closed experimental system, without input and outpuE of
mlneral nutrients, in which algae live. Algae use nutrients to produce their
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Assume further that one of those nutrients is the
can be described, in the slmplest case be the

= -cxn f amn

= 1-rnf)n ,

where x is nutr ient concentrat ionr !  is ef f ic iency of nutr ient intake (proport ion

of freE nutrient taken up per unit time per individual), a is amount of nutrient

contalned ln one organism, and m is mortali.ty rate. Therefore:

dx
d;=-a

x = xo-a(r-ro) ,

where 59 and g denote the lnitial amount of nutrient and lnltlal nurnber of algae,

resPect lvely.

I f  the populat lon could grow to the total  deplet ion of nutr lents,  i t  would

reach the number equal IO In reality the population growth must be stopped

earlier. Let us assume the inltlal popuLation number so small that it ls possible

to neglect 90. lJe have then:

own bodies and thelr Progeny.
l imlt ing factor.  Such a system
system of equat lons as fol lows:

(7a)

(  7b)

(8)

where:

(e)  b=P ,

$f = {o-*) (ri*)n ,

K=Xo-t=Ptt#

dx
dt

dn
dr

Equatlon (8) has the form of the logistic equatl-on. The parameter b means rate

of reproduction at the lnitlal nutrLent concentration. Equllibrium number K

here depends on the ratio 
F

Wtren the system under study is not conflned, i.e. it has an inPut and an

output of nutrlent, or when Ehe dead indlvlduals are decomposed either slowly or

outatde the systen (e.g. at  the bottorn),  then l t  ls i rnpossible to reduce the sys-

tem of equat lons describlng such an ecologlcal  system to the logist ic equat lon

or to a simi lar equat ion of l imited growth.

FOOD as the limitlng factor

Food 1s probably a limiting factor for a great number of animals. Based on

the fact that the world is green, some authors believe that there ls an excess of

food ln terrestr ial  ecosystems, at least for the phytophagous anlmals (Hairston

et a1.,1960).  Emlen (1973) argued thls point ,  drawing at tent ion to the fact

that a relat lve shortage of a resource often occurs (Andrewartha and Birch, L954) .

From the equations of the population dynamics of animals linlted by food given

below, it ls also clear that a decrease of anlmal numbers may start a long time

before the resources are ful ly consumed, which supports Emlents analysls.
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Let M
amount x of
L unlts of

(10a)

(10b)

(10c)
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denote indlvldual- nalntenance cost, measured ln the same units as the
food in the hablCat. Assume that an lndLvidual congumes no more than

reaource per unit of time. Therefore we obtain:

*t 
= (-m - f(ax))n for ox{M

dn
dt 

= 
(qr+k(cx-M))n

* t  
= (-n+k(r-M))n

where n ls the mortallty rate for all causes except starvatlonr cl ls a parameter

measurlng the efficiency in searching for food, ox is the anount of food consumed
ln a unlt of tine by an indlvldual-, f(ax) ls mortallty due to starvatlonr and ls
a k parameter wtrich aLlows the convergion of any surpLus of the consuned food into
progeny, neaeured as the number of young anlnals. The popul-atlon can reach the

equllibriun state (j|
Let us consldE

drer

for M<cx<L

fot exlzL

= 0, n * 0) onLy when Ecaxcl (10b).
now sone very simple equations for resources: lrretrlevable

(eq. Lla),  appearing at a constant rate (eg. Ub),  or appearing at a rate Propor-
tlonal to the aoount of existlng resources (eg. l-lc):

(11a) 
* t  

=-sxn (11b) 
* i  

=c-ctxn (11c) 
*f 

= cx - cxn

None of the equatlon systems composed of the equatlons (L0) and of any of the equa-
tions (11) can be reduced to a sLngle equatlon of l-lnlted growth, ln spite of the
conslderable sinpLLcity of the examples. Ttris ls due to the fact that the energy
ls usCd lrretrlevably, i.e. it does not return lnto the system after the anLnal ls
dead 3.

III. LOGISTIC DEVIATION OF ECOLOGY

In prevlous sectlon I have stated that all" populatl.on-reeource syatens can
be dlvlded lnto two groups wlth respect to the posslblLtty of reducing resource-
dependence to denslty-dependence. Reducible systems can be descrLbed by the logls-
tlc equatlon but lt must be remeurbered that there ls an lntrinslc tradeoff between
the paranenter K and the components of r (uaxfuntrn growth rate). If two populations

have the same r but dlfferent b (blrth rate) and m (mrtallty rate), and when other
assumptiona are kept constant, equlllbrium nunbers ttlll be different. Thls fact
ls usually overlooked. To be sure Enlen (1973) has consldered the possiblllty of
lnterdependence of r and K but he has found nothLng lnterestlng and disturbLng in
thls respect.

1'he stages of the development of ecologlcal- reasonlng regarding population

dynamlcs are given ln Table 1, to show the logical lnvalidlty of the l-ogistic
equatlon. They have been chosen and formulated subJectlveLy, but they nay be use-

fuL when lookLng for critical polnts of the logLstlc theory.
Now let us consider Table L step by step. The theory of unllntted grorth

is the oldest and cLearest of all ecological- concepts. When unllnited growth is
consfdered, lt ls posslbLe to find the stable age dJ.stribution, to calculate the
intrlnslc rate of l-ncrease, and even to deflne the fltness raLher preciseLy. There-

fore nunerous papers, especially ones concernlng popul-ation genetlcs but also papers

on llfe-history tactics, assume unlfurited groltth. Unfortunatel-y lt is obvious that
no population can grow to inflnity (Table L, step 3), and therefore it ls necessary
to take the l-LmiLing factors lnto account. Population growth nay be stopped by the

depl-etlon of dlfferent resources (e.g. space, mineral nutrlents, food) or by pre-

dator pressure (Tabt-e 1, sLep 4). I w1ll- conslder onJ-y the flrst case further.



95DENSITY DEPENDENCE

There are differences between liniting factors ln tlme and spacel on the

other hand ecologists look for general theories. As a result it is usually

assumed that the dynamics of linltlng resources nEry be neglected' but it ls

sufficient to assume that the increase of population size causes a decrease of

the resources (Table 1-, step 7). firis assumption is based on the negative feed-

back between population size and the resource level, which seelns to be quite

obvious (Table 1, step 5). On the other hand the negative feedback does not

iurply that the population increase affects the decrease of resources wlthout any

tlne lag. 8.g., when predators depend on their preY, both populations can grow

or deerease simrltanously in parts of a eycle. I have considered in the previous

sect lon the necessary condit lons to just i fy a transi t ion from step 5 to step 7'

1.e. validity of equivalence between denslty dependence and resource dependence.

The condition is very simple: the resource must be used up in a reversible way.

Space is the best example, probably quite comnon in nature.
It should be noted that May (L976) reduced the predator-prey system to a

slngle equation whereas ZwanzLg (1973) reduced certain competition systems to a

stngle equatlon of llmited growth. Nevertheless it should be pointed out Lhat

these equations contaln the integrals of density over tlme - nore exactly, inEe-

grals of functlons of density. Then the dynamics of a population can be predlcted

If ft" history is known. So the regulatlon ls t'history-of-densLty-dependentrr but

not denslty-dlpendent. Thus a historical aspect aPpears here. Ockharnrs razor ls

an argument for rejecting the approach used by May and ZwanzLg. Another argument

is the signlficant compllcatlon of the llmited growth equations.
Let us assume that the system under consideration can be reduced to a slngle

equatlon of llnlted growth, 1.e. that density-dependence ls really equlvalent to

r."o,rr"e-dependence. The next step of reasonlng (Table 1, step 9) seens always

to be loglcally unJustlfled. Density can never influence the abstract Parameter
r (populitlon growth rate) dlrectly. Density can decrease blrth rate or increase

ilorta1ity rate, or can do both but lndependently. Therefore we never obtain the

form of the l-ogistlc eguatlon in whlch actual growth rate (per capita) ls sirply

proportlonaL to naximum growth rate multlplled Ot 
E - $)ana K ts lndependenr of

the conponents of r. Neglecting thls fact nay not seet'very important but really

leads to nunerous tmpllcatlons, probably false but neverthel-ess very lnfluential

on the present ecology. A subJectlve and incomplete llst of thern is glven ln

Tabl-e 1, steps l-0-14. The population equllibrium nuober, E, seems to be independent

of l-ife-history tralts (Stearns, L977). Many authors consider carrylng capacity

to be a populatlon parameter. Thls phenomenon ls cal-led by Stearns (1977) t'an

art l fact of  l -oglst lc thlnklng".  A further lnpl icat ion of this art i fact ls the

treatment of populations (and beyond them, ecosystems) as units sinil-ar to a single

indlvidual-, wlth the concepts of homeostasis, evolution toward efficlency maxirniza-

t ion of the system, etc.  Fortunately,  such concePts, very close to metaphysicst

are not popul-ar among theoretlcians, but they have been expressed by numerous

ernplr lcal-1-y-or lented ecologists (e.g. Margalef 
'  

1968, Odun, l -971).

Considerlng K as a population parameter l-eads also to the concluslon that

natural sel-ectlon can act on K. This is a basis for the r- and K-selection concePt.

The conclusion rnay be treated as an abbreviated paraphrase of the statement that

natural selectlon acts on tralts whlch affect K. The nost common example of such

a trait is the efficiency of food gain. Increase of this efficlency can bring

about a decrease of resources and eventually dimlnish the population equllibriun

slze K (Levlns, L975), but unfortunately the above paraphase conceals such a possi--

biliLt. In fact K-selection may decrease K, which seems to be strange and even

111ogical .
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Jan Kozlowski

IV. THE r Al.lD K-SELECTION CONCEPT

The concept of r and K-selectlon formulated by l"LacArthur and Wilson (1967)
can be briefly sumarized as follows. Let us assume that organisms wlth a higher
lntrinsic rate of natural increase r have a l-ower earrying capaclty K. If the
density of the population ls low, tE-en natural selection favors individuals (or
populatlons, lf a multi-species system i-s consldered) with a high r; when the
density increases the individuals or populatlons with a high 5 are favored.
Therefore it is possible to say that natural selection favors individuals with
the hlghest value of the expression I  dn. this is,  in fact,  eguivalent to the

n dt '
def ini t lon of natural  select ion. Thus, the r  and K-select ion concept ln such a
forrn ls a tautology and not a scientific theory. Peters (L976) drew attention to
this fact, but several authors have dealt rltiEh this tautological form of the concept
(e.g. Anderson, L97L; Anderson and Klng, L970i King and Anderson, L97L; Charlesworth,
L97li Roughgarden, 1971) .

If this concept was a theory lt would be possible to predlct the favored
traits under given conditions. Pianka (1970, L974) enumerates a set of the corre-
lates of g. and K-selection. But it must be remeribered that those ttcorrelatest' do
not result fron the nathematlcal model (here! the logistlc equation) but fron
additlonal conslderations, whl-ch are not qui-te cl-ear, especially tn the case of
K-select lon.

Let us consider r-selection; Lhe theory of unlimited growth ls wel-l developed
and rather clearly formul-ated nathematical-ly. It ls well known that r ls more
sensltive to generation tire than to fecundity. Since lt ls lmposslbl-e to lmaglne
large specles wj.th short generation tines early reproduction, rapld deveLopment'
etc., it ls merel-y obvious that r-strategists must be smal-L. Thus tnstead of enurne-
rat lng al l  correlates of r-select ion a statement may be rnade: r-strateglsts must be
smal l .  As a matrer of fact Southwood et al .  (L974) and Southwood (1976) pract lcal ly
reduced the r-strateglstrs tral ts to smaLl si .ze of organlsns.

The problen with K-strategigts is more difficul-t. As Stearns (L977) polnted
out, it is lmpossible to flnd a tradeoff between the parameter K and dlfferent
l | fe-history trai ts.  Most of Plankafs correlates of K-seLect lon are just opposite
to Lhe correlates of r-selection. Ttre unJustified reasonlng was applled that lf
r- strateglsts must be srnaLl, !-strategists must be large (and further that they
i-ust have slower development, deLayed reproductlon, etc.). The snal-l size of
r-strateglsts was deduced as a physiological necesslty but the larger size of
K-strateglsts by anal-ogy only. K-strategists can be Large but do not need to be
l-arge. Therefore lt is not surprislng that many of the hypothesized correlates do
not always appear.

Two other correlates of K-seleet lon, 1.e. greater competi t lve abi l i ty and
efflciency, are unfortunately not clearly defined and it ls therefore difficult to
examlne them further.

ltre concepts of a- and K-selection are comnnly accepted, especlally among
enpirically oriented ecologlsts. The concepts have become rather diverse. Stearns
(L977) mentions three ways of using Ehese concepts: as a system of classi f icat ionras
explanations, and as predictions. The letters r and & n"y be used ad labels for combi-
nat ibns of t rai ts.  But,as stated absveralmost.  al l -  correlates are size-dependent.  I t  is
real ly better Eo- say r !r-  and K-strateglstst ' instead of t tsmal l  or large animalsrr?

The concept of r- and K-selecLion gi-ves an Itexplanationrr of almost all ecologi-
cal  facts:  e.g.,  c lutch size trends in tropical  birds and dl f ference between clutch
slzes of blue t i ts and condors (Southwood, L976).  Those I 'explanat ions'r  completely
lgnore obvious physiological lirnits which are responslble for a large part of the
observable clustering of some l-ife-history traits. This concept i.s even considered
able to give a compromise between Lackrs and Wynne-Edwardsr views because, as
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Southwood et a1, (L974) wri te,  " the evidence that most strongly supports

Wyi""-Sarards (1962) ls derived from species that have been strongl-y K-selected'

*t i t "  Lackrs interpretat ion ls most appl icable to those specles that are, for blrds'

toward the r-end oi the selectlon spe-trum". In fact all "explanationsl given by

thls theory are too general- to be useful. They glve an illusion of explanation and

thus are vLry dangerous: they inhibit looklng for the real explanatlons'

Inadequacy of the concept as a predictable theory is discussed above. Addi-

tional doubts are given by the faets that not aLl popul-ation-resource systems can be

reduced to the l-ogistic equation, and that even when such a transformation is posslble

r- and E-Paraneters are lnterdependent.

V.A}TALTERNATIVETof i IET-andK-SELECTIoNcoNcEPT

The concept of a- and K-selection cannot predict whlch traits are really

favored by natural selEction. I suggest that the maln reason is in not considering

trinltlng resources expllcitly. To test thls suggestlon I wil-l try to predLct the

results of natural selectlon when space, mineral nutrtents, and food are the llmlting

factors.
Let us consider agaln a system wlth space as the llniting factor. Let us make

the slnp1ifled assumptton ttrat the amount of space occupied by an lndivldual does not

change when free 
"pr"" 

is reduced.- Under thls assumption lt is clear fron equation (6)

that the indlvldtrals wlth smaller fl ratio (nortality to birth rate) galn a selective

advantage when the space becomes m6re and more fllIed up. Reproductlon rate and

arortaliiy are usually connected ln such a way that they both lncrease or decrease

sinulranlously (Uace,rttrur and Connell, Lg66; Planka, L974). When the dependence of

blrth rate on norta|ity ls concave, natural selection acts to decrease nortallty;

when the rel-atlonship is convex, increase of reproductive rate is favored ln dense

populations, desplte a slmultaneous lncrease of mortality (Flgure 2) ' The relation-

strip fe probably concave among plants: almost all ground plants ln the cllnax forest,

wheie 
"p""" 

and accegs to llght are extremely linlted, are longLlved. They develop

such or ians as bulbs, rhLzomes, and onions or J- igni fLed browse (e.g. bl lberry). lnstead

of putt ing nore effort  into sexual-  reproductLon (see e.g. Col l ler et  aL. ,  L973).

The above results are clear. When there ls a Lack of unused reaource, the

best strategy is to keep possession by a decreage of nortaLlty. An lncrease of death

rlek nust be conpen""t"i ior by an enormous lncrease of fertiltty (convex curve).

when mlneral nutrlents are the Llnlting factors and they bgcane scarce, an

advanrage is also obtalned by the genotypes minimizing the ratlo $ 
("u. equatlon 9).

Thls r"tlo can be minlnized by an Lncrease of the efflciency of nutrient-caPturlng !r
a decrease of the norral-lty gr or a decrease of body slze (the Parameter a ls propor-

tlonal to body size). The parameters which are favored by naturaL seLectlon could be

predlcted ff Lhe propertles of indlviduals were known. E.g., snal1- lndividuals are

exposed to greater mortallty but they capture nutrlents oore efflciently. It is

,r""."""ry, of cot-rrse, to describe relationships like this by functlons'

Constdering food as the l-lmlting factor, it was assumed above that the cost of

rnaintenance of an anirnal is constant. In reallty it can be expected that an antmal

whlch looks for food nore actively spends more energy. Let us have: l '1 = p (c) and 1et

usi put this into Eguation (10). Indivlduals shoul-d adopt a behavlor whlch rnaximizes

the expression:

(12)ax-p(c)for(10a)and10b'whenax(L
t - p(o) for (10c) , when crx(L

Natural selection will act slnilarly. The expression (12) is equivalent to "expanslve

energyr', suggested by Van Valen (L976) as a fitness measure. On the other hand the

increase of activity can also lncrease mortalityr e.g. by increaslng the risk of

dlscovery by predators. In rnany cases m ls certainly a function of cr too. It is
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important that the function p(o) and the parameter ! can be meagured from individual
bioenergetj.cs. The dependenee of mortality rate on activity can be also calculated
from observatlons or experiments.

I hope that all the above examples support the offered suggestion: a system
of equatlons for the population and its resources is a good startlng point when
traits favored by natural selectlon at a given resource l-evel are eonsidered. Some
results are very simllar to those given by the g- and K-selection concept. The maln
difference ls that here they are deduced from slnple rnathenatical formulas describing
a system, but not from additlonal consideraLlons. They are predictions from the theory,
not correlates of the theory. When resources are explieitly considered, theoretlcal
ecology can easily collaborate wlth physiology, bioenergerlcs, and other individual-
or iented branches of biology.

NOTES:
'r lr/This reasonlng was crlticlzed by Andrewartha and Birch (1954) and Andrewartha (1961).

The discussion between these authors and Lack (1966) was in ny opinlon a mlsunderstarid-
ing. The rnethodological strlctures of Andrewartha and Blrch have been argued away
by Lack, quotlng the empirical data. In splte of that the denslty-dependent factors
concept has been comonly aecePted.

2ltt k assuned here that b depends only on the amount of unoccupied area. If repro-
ductlon rate decreases and mortallty lncreases lirith a decrease of proportion of free
space, then the parameters b and m both appear in the deflnitlon of K.

3/Strtctly speaklng lt is possibl-e to flnd an equation for resources whlch together

wlth (10b) satisfles the condltlon that dx , dn

u* 
"=l "": 

.""**^ 
da / da 

ls independent of x. ThLs equation

takes form: i i= "(- to*k 
ox-kM)n. Let us assume that x is measuredlnenergy

r:nits; a ls the conversion coefficient of lndividuals to energy (the opposlte of k).

'Av

Therefore = oxn - ann - l,ln . tltrat can cause the resources to adopt srrch a
-oE

strange behavior?
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